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Abstract

Alcohol use can be measured in many ways, including objectively through transdermal

alcohol biosensors (e.g., transdermal alcohol concentration; TAC) or blood biomarkers (e.g.,
phosphatidylethanol; PEth), or subjectively through self-report (e.g., with the timeline followback;
TLFB). However, it is unclear which measures best indicate changes in alcohol use within
individuals following intervention, and if they have concurrent validity. In the context of
contingency management (CM) with a goal of 30-day abstinence (1= 45, 60% male, 80% Black;
Myge = 56.7; 58% with HIV), we examined relationships among changes in TAC-AUC (area
under the curve, reflecting volume consumed), PEth, and self-reported number of drinks. The
Secure Continuous Remote Alcohol Monitor Continuous Alcohol Monitoring (SCRAM-CAM)
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biosensor was used to collect TAC-AUC during a pre-CM period (~7 days) and over a 30-day

CM period. PEth was collected at baseline and 30-day follow-up. Number of drinks was self-
reported through a 30-day TLFB at baseline and follow-up. Daily TAC-AUC and number of
self-reported drinks were calculated for the pre-CM period and for the last 7 days of the CM
period. Linear regression models controlling for baseline values revealed that change in TAC-AUC
was significantly associated with change in PEth (B = 0.33, p<.0001) and with change in

number of self-reported drinks (p = 0.34, p<.0001). Change in PEth was significantly associated
with change in number of self-reported drinks (B = 0.85, p<.0001). We conclude that all three
measures may be appropriate for measuring within-person change in alcohol use, while controlling
for baseline values, in the context of a study testing an intervention such as CM.

Keywords

phosphatidylethanol; transdermal alcohol concentration; biosensor; biomarker; alcohol
consumption

Obijective measures of alcohol use can provide researchers and clinicians with the ability

to identify potential alcohol misuse and monitor an individual’s progress during treatment
(Litten et al., 2010), reflected in their change in alcohol use. Objective measures provide a
useful compliment to self-reported alcohol use, which is often underreported or misreported
due to social desirability or recall biases (Davis et al., 2010; Greenfield & Kerr, 2008).

There are several objective tools to measure alcohol use, including biomarkers and
transdermal alcohol biosensors. Phosphatidylethanol (PEth) is a direct alcohol biomarker
that forms in the blood only in the presence of alcohol (Hahn et al., 2016). In the absence
of alcohol, the average half-life of PEth is approximately 4-11 days and may be detectable
for 2-4 weeks (Hahn et al., 2016; Helander, Béttcher, et al., 2019). However, depending on
“baseline” PEth level, the amount of time it takes for an individual to have undetectable
PEth levels varies (i.e., higher PEth at baseline takes longer to reduce to undetectable;
Hahn et al., 2016). PEth has been demonstrated to outperform other alcohol biomarkers

in detecting alcohol misuse (Aradottir et al., 2006; Harris et al., 2021; Viel et al., 2012;
Walther et al., 2015). Several studies have reported on the relationship between PEth and
self-reported alcohol use at one point in time, with most indicating moderate-to-strong
correlations from 0.53 to 0.80, although a few studies reviewed in a meta-analysis found
weaker correlations from 0.21 to 0.44 (Hahn et al., 2021). A few studies have examined
the relationship between change in PEth and change in self-reported alcohol use, with
correlations ranging from 0.14 to 0.46 (Helander, Hermansson, et al., 2019; McGinnis et al.,
2022; Richards, Sajdeya, et al., 2021).

Unlike PEth, which provides one value to represent alcohol use at a specific period of

time, transdermal alcohol biosensors measure alcohol use continuously and in near real-
time (Davis-Martin et al., 2021). The SCRAM-CAM (Secure Continuous Remote Alcohol
Monitor Continuous Alcohol Monitoring; Alcohol Monitoring Systems, Inc., Littleton,

CO) anklet is the most commonly used and well-validated alcohol biosensor available
(Greenfield et al., 2014; Litten et al., 2010; Wang et al., 2019). The SCRAM-CAM works
by measuring the approximately 1% of ethanol that is eliminated through the skin, providing
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observers with a transdermal alcohol concentration (TAC) reading every 30 min (Swift,
2003). Common indices derived from TAC include peak TAC, which represents the highest
level of TAC reached during a drinking episode (Dougherty et al., 2012), and area under
the curve (TAC-AUC), which represents an individual’s total exposure to alcohol during

a drinking episode (Dougherty, Hill-Kapturczak, et al., 2015). TAC has been found to

be significantly associated with self-reported drinking (i.e., number of drinks or drinking
levels) with reported correlations from 0.30 to 0.74 (Barnett et al., 2014; Dougherty et al.,
2014; Richards, Liu, et al., 2021; Russell et al., 2022). Several studies support the use of
transdermal alcohol biosensors in alcohol reduction interventions, for example, contingency
management (CM; Barnett et al., 2011, 2017; Davis-Martin et al., 2021; Dougherty, Karns,
et al., 2015), but to our knowledge, no study has compared longitudinal changes in TAC to
another alcohol measure.

Alcohol biomarkers and transdermal alcohol biosensors have advantages and disadvantages.
PEth involves a single sample (blood draw or finger prick) to obtain information on recent
alcohol use (or less recent, depending on how heavily the person drank; Wurst et al., 2010),
but a positive PEth value does not reveal when or how much alcohol was used (Harris et

al., 2021). Although single timepoint, single target assays by their nature reflect recency
and intensity of use and it is possible that PEth taken at multiple time points could work
around this limitation. The continuous, near real-time data collection of the SCRAM-CAM
provides fine-grained data about alcohol use patterns in a person’s natural environment,
reflecting both relative timing (although there is a 1-2 hr lag time, Fairbairn & Kang, 2019)
and intensity of drinking. Depending on the criteria used to detect drinking episodes, though,
sometimes only heavier drinking episodes may be identified (Barnett et al., 2011).

As previously mentioned, both PEth and TAC have been compared to self-reported alcohol
use. To date, only one published study has analyzed the relationship between PEth and TAC.
Marcus and colleagues reported good agreement (75 = 0.56) between PEth and TAC-AUC
cross-sectionally (Marcus et al., 2021). However, it is unclear how well changes in either

of these measures correlates with changes in drinking within an individual. In the context

of CM with a goal of abstinence, changes in PEth, TAC-AUC and self-report can be
compared. Given the limitations to all three of these measures (including that in a CM study,
participants have perceived financial motivation to underestimate their alcohol use) and the
lack of a gold standard for measuring alcohol use, determining whether these three measures
are sensitive to change and are concurrently valid (i.e., they positively and significantly
correlate within one another) could help determine their utility as measures of change in
alcohol use within individuals. The present study uses data from a prospective study in
which CM was tested among persons with and without HIV (Richards, Liu, et al., 2021).

We analyzed data from “the 30-Day Challenge” (NCT03353701), a CM trial for alcohol
cessation among middle-to-older age adults with and without confirmed HIV over a 30-day
period. All study procedures were approved by participating institutional review boards
(Study Title: Effects of experimentally induced reductions in alcohol consumption on brain
cognitive, and clinical outcomes and motivation for changing drinking in older persons with
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HIV infection; University of Miami IRB No. 20170396, Florida International University
IRB No. 20170396-1AA, University of Florida IRB No. CED00000011), and all participants
provided informed consent prior to participation.

Participants

Procedure

Participants were recruited in the Miami, Florida area from HIV clinics, community
outreach, and a contact registry. To be eligible, participants had to be 45-75 years old;

drink heavily (=14 drinks/week for women, >21 drinks/week for men); speak English;

be willing to participate in CM to reduce their alcohol use; and be willing to wear the
SCRAM-CAM for at least 30 days. Forty-seven participants completed the baseline visit and
30-day follow-up. After removing one person with missing PEth data and one person with
no biosensor-confirmed drinking days, our final sample size was 45 participants.

The overall study flow is depicted in Figure 1. Detailed procedures of the 30-Day Challenge
have been described previously (Richards, Liu, et al., 2021). Briefly, participants entered a
pre-CM period which lasted approximately 7 days. During this period, participants wore the
SCRAM-CAM and were instructed to drink as usual with the exception of having at least

1 day of abstinence and at least one drinking day to check the correspondence between self-
reported drinking and nondrinking days at baseline and to ensure that they could complete
the intervention. Participants completed a baseline visit, during which blood was collected
for PEth and past 7-day alcohol use was self-reported. After baseline, participants began the
CM period which lasted approximately 30 days. CM financial compensation was based on
biosensor data. If alcohol was detected by the SCRAM-CAM (see procedure below), the
participant was alerted immediately; if they denied alcohol use, they had the opportunity to
come into the lab and provide a urine ethyl glucuronide (EtG) sample within 48 hr. In cases
where EtG was negative, TAC data were recoded to indicate no drinking (i.e., TAC-AUC

= 0). After the CM period, participants completed a 30-day follow-up visit, during which
the SCRAM-CAM was removed, blood was collected for PEth, and 30-day alcohol use

was self-reported. Participants also completed 90-day and 1-year follow-up visits (data not
included in the present study).

Average Daily TAC-AUC—TAC data were collected by the SCRAM-CAM and
transmitted to the Alcohol Monitoring Systems, Inc. server using the company’s
DirectConnect device. Data were downloaded from the server through a password-protected
portal. The Transdermal Alcohol Sensor Data Macro (TASMAC Software; Barnett et al.,
2015) read and interpreted data from the SCRAM, producing summary TAC data including
TAC-AUC for each detected drinking episode. The TASMAC uses more sensitive criteria
to detect drinking episodes than criteria developed by Alcohol Monitoring Systems, Inc.
(Barnett et al., 2011). Average daily TAC-AUC was calculated for the pre-CM period and
for the last 7 days of the CM period. By comparing 7 days of pre-CM data with the last

7 days of the CM period data for each individual, a large amount of the within-participant
variability (physiological, environmental, behavioral) is held stable.
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PEth—Dried blood spots collected at baseline and the 30-day follow-up visit were prepared
using venous blood and sent to the United States Drug Laboratory (USDTL, Des Plaines, IL)
to be analyzed using mass spectrometry. The most common PEth homologue, 16:0/18:1, was
detected using a lower limit of quantification of 8 ng/ml (subsequently converted to a value
of 0) (Hahn et al., 2016).

Average Daily Number of Drinks—Daily drinking data were collected using the 30-day
timeline followback (TLFB) at each timepoint. Average number of drinks per day was
calculated for the pre-CM period and for the last 7 days of the CM period; this calculation
included nondrinking days (i.e., zero drinks for nondrinking days).

Participant Characteristics—Participants self-reported their sex, age, and race/ethnicity
by survey at the baseline visit. Height and weight were collected at baseline to calculate
body mass index (BMI). HIV status was confirmed by medical records, copies of laboratory
test results, HIV medications (for persons living with HIV), or confirmatory blood tests (for
persons without HIV).

Data Analysis

Results

Average daily TAC-AUC, PEth values, and average number of drinks per day were
standardized using z scores. Change scores were calculated for each variable by subtracting
pre-CM period (Time 1) values from the last 7 days of CM (Time 2) values. Intercorrelations
(Pearson correlations) between all key standardized variables (pre-CM values and change
values of average daily TAC-AUC, PEth, and average drinks per day) were calculated. The
following linear regression models were conducted: (a) Change in average daily TAC-AUC
(outcome) regressed on change in PEth, controlling for pre-CM period daily TAC-AUC and
baseline PEth; (b) Change in average daily TAC-AUC (outcome) regressed on change in
average number of self-reported drinks per day, controlling for the pre-CM period daily
TAC-AUC and pre-CM period daily number of self-reported drinks; and (c) Change in
PEth (outcome) regressed on change in average number of self-reported drinks per day,
controlling for baseline PEth and pre-CM period daily number of self-reported drinks
(Castro-Schilo & Grimm, 2018). Sex, BMI, and HIV status were also included separately
in additional models due to reported associations with TAC-AUC and/or PEth (Hahn et al.,
2021; Richards, Liu, et al., 2021).

Post Hoc Sensitivity Analysis—Since PEth may detect alcohol for at least 2 weeks, a
sensitivity analysis using past 14-days of self-reported drinks per day was conducted. The
correlation between change in PEth and change in average drinks per day over 14 days was
evaluated. Further, a linear regression model where change in PEth was regressed on change
in average number of self-reported drinks per day over 14 days while controlling for pre-CM
period values was conducted.

The 45 participants were majority male (60.0%) with a mean age of 56.7 (SD = 4.6).
Participants identified as non-Hispanic Black (80.0%), non-Hispanic White (8.9%), and
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Hispanic (11.1%). Participants had a mean BMI of 27.2 (SD = 6.2), and the majority were
living with HIV (57.8%)).

The median average daily TAC-AUC during the pre-CM period was20.0 h-g/dl (interquartile
range; IQR: 7.3-49.3) and during the last 7 days of CM was 0.5 h-g/dl (IQR: 0.0-3.9). The
median change in daily TAC-AUC was -15.5 h-g/dl (IQR: -46.1-—4.5). The median PEth at
baseline was 76.0 ng/L (IQR: 21.0-191.0), and at follow-up was 29.0 ng/L (IQR: 0.0-84.0).
The median change in PEth was —33.0 ng/L (IQR: —91.0-0.0). The median average drinks
per day during the pre-CM period was 4.9 drinks/day (IQR: 3.4-6.0) and during the last

7 days of CM was 0.0 drinks/day (IQR: 0.0-0.1). The median change in average drinks

per day was —3.9 drinks/day (IQR: —-5.4—-2.9). Scatterplots of change variable data are
presented in Figure 2.

Pre-CM daily TAC-AUC was significantly correlated with change in average TAC-AUC per
day (r=-0.91), pre-CM PEth was significantly correlated with change in PEth (r=-0.59),
and pre-CM average drinks per day was significantly correlated with change in average
drinks per day (r=-0.65; Table 1). Change in average daily TAC-AUC was significantly
correlated with change in PEth (r=0.49) and change in average drinks per day (r=0.35).
Change in PEth was not significantly correlated with change in average drinks per day (r=
0.08), but the sensitivity analysis examining change in average drinks per day over 14 days
(rather than 7 days) indicated that change in PEth and change in average drinks per day were
significantly correlated (7= 0.29).

The following results refer to adjusted standardized values (Table 2). Change in PEth

was significantly associated with change in average daily TAC-AUC while controlling for
pre-CM period values (p = 0.33, p<.0001). Change in average self-reported number of
drinks per day was significantly associated with change in average daily TAC-AUC while
controlling for pre-CM period values (p = 0.34, p<.0001). Change in average daily
self-reported number of drinks per day was significantly associated with change in PEth
while controlling for pre-CM period values (B = 0.85, p<.0001). The sensitivity analysis
using the last 14 days of self-reported number of drinks per day resulted in similar findings
(B =0.86, p<.0001). Sex, BMI, and HIV status were not significantly associated with any
outcome while controlling for baseline values.

Discussion

We examined the association between changes in average daily TAC-AUC, PEth, and
average daily self-reported number of drinks among a sample of older adults with and
without HIV participating in an alcohol use intervention study. We found that changes in
TAC-AUC, PEth, and self-reported number of drinks were all significantly associated with
each other while controlling for pre-CM values, indicating that there is concurrent validity
among all three measures.

Our results suggest that average daily TAC-AUC is able to capture changes in drinking
within individuals as reflected by its association with self-report and PEth values. With no
gold standard measure, identifying a measure that is associated with both self-report and an
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objective biomarker of alcohol use (i.e., PEth) is important. While data collection through
the SCRAM-CAM is expensive and time consuming, it appears that the resulting data

are indicative of reduction in alcohol use. TAC-AUC may be an appropriate complement
to self-reported data, but not a replacement as there is currently no method other than
self-report to obtain quantities of alcohol use (i.e., number of drinks).

Our findings are in agreement with the previous literature that showed only weak
correlations between change in PEth and change in self-reported number of drinks per day
over 7 days (Helander, Hermansson, et al., 2019; McGinnis et al., 2022; Richards, Sajdeya,
etal., 2021). It is important to note, that there was a significant correlation between change
in PEth and change in drinks per day over 14 days. Given the average detection period of
2-4 weeks for PEth (Hahn et al., 2016; Helander, Béttcher, et al., 2019), the different results
are to be expected, and we can conclude that if using PEth to detect change in alcohol use,
PEth should be used as a marker of prior two (or more) weeks alcohol use, not 1 week.
Thus, PEth appears to be a useful biomarker for detecting changes in alcohol use, supporting
conclusions from a small pilot study, suggesting that a PEth-based CM intervention may be
feasible (McDonell et al., 2017).

Though change in PEth and change in self-reported number of drinks had the strongest
association while controlling for baseline values among the variables, use of TAC-AUC still
provides valuable information. TAC-AUC allows us to understand relative timing of drinking
events and allows for a day-by-day approach to CM, whereas relying only on PEth for
biological verification of abstinence would be limited to longer periods of time. However,

in a setting where it is not feasible to rely on biosensors (e.g., due to cost or participant
burden), PEth may be an appropriate supplement to self-report.

Our study was limited by sample size. Because of this, we may have been underpowered to
detect group differences. This study was also limited by the lack of a gold standard measure
of alcohol use; thus, it is difficult to say whether one measure is more accurate than another.
While self-report was associated with TAC-AUC and PEth (depending on the time period),
two objective markers, that is not always the case, as self-report in some settings may be
more vulnerable to biases such as recall and social desirability bias. Though self-reported
alcohol use is often the measure against which objective tools are compared, ground truth

is still unknown. It is possible that self-reported alcohol use was underreported in our study
due to financial motivations; however, compensation during the CM period was based on
biosensor data, rather than self-reported data, which may alleviate such motives. There was
also a lack of variability and relatively narrow range in average number of drinks per day
during the last 7 days of the CM period, which differed from the average number of drinks
during the entire 30-day CM period, as participants tended to drink less toward the end

of the period. A sensitivity analysis including average number of drinks during the last 14
days of CM showed different results for the correlation analysis (there was a significant
correlation) but similar results for the linear regression model.

Evaluating TAC-AUC collected through a new-generation, wrist-worn biosensor (e.g.,
BACtrack Skyn) is warranted, as these devices are more user-friendly, less stigmatizing,
and may be less expensive than the SCRAM-CAM (Wang et al., 2021). In conjunction with
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PEth, which allows for longer intervals between visits than other biomarkers, increasingly
user-friendly interventions can be developed.

In conclusion, change in average daily TAC-AUC was significantly associated with change
in PEth and change in average daily number of self-reported drinks. Change in PEth was
also significantly associated with change in average daily number of self-reported drinks. As
all measures were significantly associated with one another, they appear to be concurrently
valid and may be appropriate for measuring changes in alcohol use in a CM intervention.
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Public Health Significance

Objective measures of change in alcohol consumption could be important to complement
information collected from self-report. Change in alcohol concentration measured
through the skin (biosensor-measured transdermal alcohol concentration; TAC), change
in phosphatidylethanol (PEth; a blood biomarker of alcohol), and change in number of
self-reported drinks were significantly associated with one another while controlling for
baseline values. TAC and PEth may be appropriate compliments to self-reported data,
but not a replacement as there is currently no method other than self-report to obtain
quantities of alcohol use (i.e., number of drinks).
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Figure 1.
30-Day Challenge Study Flow

Note. SCRAM = Secure Continuous Remote Alcohol Monitor; CM = contingency
management. The 30-Day Challenge study included a 7-day pre-CM period, baseline

visit, 30-day, 90-day, and 1-year follow-ups. Data for the present study come from the
pre-CM period, baseline visit, and 30-day follow-ups. Data include average transdermal
alcohol concentration area under the curve (TAC-AUC, collected by the SCRAM biosensor),
phosphatidylethanol (PEth), and average number of drinks per day (from 30-day timeline
followback, TLFB).
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Figure 2.
Scatterplots of Change Variables

Note. Change was calculated by subtracting Time 1 values from Time 2 values. A) Change
in average daily transdermal alcohol concentration area under the curve (TAC-AUC) and
change in phosphatidylethanol (PEth). B) Change in average daily TAC-AUC and change in
average drinks per day. C) Change in PEth and change in average drinks per day.
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Table 2

Associations Between Changes in TAC-AUC, PEth, and Daily Drinks (N = 45)

Variable Standardized B (SE) pvalue

Change in average daily TAC-AUC? regressed on change in PEth

Change in PEth 0.33 (0.05) <.0001
Average daily TAC-AUC at Time 1 -0.93 (0.04) <.0001
PEth at time 1 0.36 (0.05) <.0001

Change in average daily TAC-AUCA regressed on change in average drinks per day

Change in average drinks per day 0.34 (0.07) <.0001
Average daily TAC-AUC at Time 1 -0.92 (0.05) <.0001
Average drinks per day at Time 1 0.11 (0.03) .0027

Change in peth? regressed on change in average drinks per day

Change in average drinks per day 0.85(0.15) <.0001
PEth at Time 1 -0.94 (0.11) <.0001
Average drinks per day at Time 1 0.29 (0.07) <.0001

Note. TAC-AUC = transdermal alcohol concentration area under the curve; PEth = phosphatidylethanol. SE = standard error. Change was
calculated by subtracting Time 1 values (precontingency management [CM] period) from Time 2 values (the last 7 days of the CM period).

a . -
Primary outcome variable.
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