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Abstract

Introduction and Aims.—Transdermal alcohol sensors allow objective, continuous monitoring
and have potential to expand current research on adolescent and young adult alcohol use. The
purpose of this manuscript is to evaluate the feasibility and reliability of transdermal alcohol
sensor use among female adolescents as compared to female young adults.

Design and Methods.—This trial included 59 female adolescents and young adults aged
14-24 years who reported drinking during the previous month. All participants were asked to
wear a Giner Wrist Transdermal Alcohol Sensor (WrisTAS)-7 over a 1 month prospective study.
Participants came to the research lab weekly to complete a detailed self-report of behaviours,
including day of drinking events, amounts and types of alcohol use and length of drinking events.
Estimates of blood alcohol concentration (eBAC) were computed from self-report data using

the Matthew and Miller, NHTSA and Zhang equations. Daily transdermal alcohol concentration
(TAC) peaks and calculated eBAC peak data were analysed with paired-samples #tests and
repeated measures correlations for validity comparisons.

Results.—All participants (100%, 7= 59) completed the trial, however, two participants
were removed due to greater than 50% of missing transdermal alcohol sensor data. Of the 57
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participants, the data included 1,722 days of continuous alcohol monitoring. Missing data was
recorded more frequently among female adolescents at about (11.78%) as compared to female
young adults (8.59%; Xz =-18.40, P< 0.001). Participant self-report of drinking occurred with
greater frequency (374 events) than detected by the WrisTAS transdermal alcohol sensors (243
events). On days when self-report and sensor data indicated a drinking event, participants’ eBAC
was moderately correlated with TAC, after accounting for repeated measures.

Discussion and Conclusions.—This study finds that transdermal alcohol sensors are
moderately reliable when sensor data is paired with self-report. This objective data collection
method may improve the ability to collect alcohol curves among adolescents.

Keywords

transdermal alcohol sensor; estimates of blood alcohol concentration; female adolescent; female
young adult; transdermal alcohol concentration

Introduction

Alcohol is the most common substance of use and abuse by adolescents [1], due to its
perceived availability [2] and social acceptability [3]. In the USA, prevalence of alcohol

use increases rapidly through adolescence. Among high school students, fewer than one in
four first-year secondary school students consumed alcohol in the past month as compared
to more than two in five last year secondary school students [1]. Of current drinkers, three
of five underage drinkers used alcohol heavily [4]. Notably, the rate of alcohol use among
female adolescents converged with male adolescents in 2015, suggesting rates of adolescent
alcohol use no longer varies by gender [1]. In the USA, alcohol use has been seen to
increase with age and peaks at the legal drinking age [5].

Adolescent alcohol use before the age of 15 is associated with increased risks for lifetime
alcohol dependence [6]. Adolescent drinking stems from social expectations associated with
drinking, risk-taking, disruptive or hyperactive behaviours, mental health comorbidities and
family history [7]. While there is ample research investigating why adolescents and young
adults drink, the acute and chronic health effects of alcohol consumption during puberty
depend on accurate reports of their drinking tendencies.

Better understanding of the typical quantity and frequency of alcohol use is needed to
develop individual-level interventions specifically aimed at limiting escalation of use.
Transdermal alcohol sensor technologies may improve the ability to compare interventions
to accomplish this feat, across populations sub-groups, including by age. Transdermal
alcohol sensors have been used and evaluated for many health behaviours and conditions,
including monitoring diabetes [8], sleep patterns [9], physical activity and performance
[10] and breast cancer treatments [11]. Advancements in sensors and the normalisation of
wearable technology allow confirmation and improvement of self-report [12].

In the field of alcohol research, transdermal alcohol sensors have been developed to
make the continuous monitoring of alcohol use feasible [13]. These sensors have the
capability to provide continuous alcohol use data while minimising the burden placed among
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participants within their daily lives [14]. The data collected from these sensors is a measure
of transdermal alcohol concentration (TAC), which is the amount of alcohol expiration
through the skin [14]. For the purpose of this study, the Wrist Transdermal Alcohol Sensor
(WrisTAS) developed by Giner, Inc. will be used to continuously sample ethanol vapour
detected near the skin and store the data until downloaded to a computer serial port [15].
The use of transdermal alcohol sensors has been used in other research settings to monitor
alcohol use among adults, however, the use of these sensors among female adolescents and
young adults has not been assessed.

Transdermal alcohol sensors may have the capacity to expand the knowledge and
understanding of typical alcohol use among adolescents beyond the current limitations of
self-report and estimated blood alcohol content (eBAC) in real-world settings. TAC from
transdermal alcohol sensors provides continuous, longitudinal data that may give researchers
valuable information regarding the trajectory and change of TAC over time across a typical
drinking event; however, the sensors must be assessed for feasibility and validated against
the currently used gold-standard measures in field settings. The purpose of this study will
evaluate: (i) the validity of the transdermal alcohol sensors’ measured TAC peaks compared
to calculated eBAC peaks from self-reported data among female adolescents and young
adults; and (ii) the reliability of the sensors’ ability to record transdermal alcohol by
assessing missing and invalid data.

Methods

All methods were approved by the Oklahoma State University Institutional Review Board.
The investigators also acquired a certificate of confidentiality from the National Institute of
Child Health and Human Development.

Recruitment

Presentations were conducted at two local high schools in February 2016. Study recruitment,
however, depended upon respondent-driven sampling. It is typical for private drinking
environments to be a mixture of individuals under the minimum legal drinking age
(MLDA) and those of legal drinking age. Notably, one study of parties identified that

68% of partygoers were under MLDA, while 32% were at or above the MLDA [13].

Upon referral to study staff, potential participants were directed to the study website

(www. TulsaFABstudy.com), which includes a video explaining the study, frequently asked
questions and a link to a screening survey. Individuals met the following inclusion criteria
to participate in the study: female, ages 14-24 years, lives within a 45-minute drive of the
study office, and must have consumed at least four alcoholic drinks in at least one sitting
within the past month. Only female participants were recruited because this is part of a
larger trial examining the periconceptional behaviours of women of child-bearing potential.
If a potential participant met screening criteria, a member of the research team called to
re-screen and schedule a consent and baseline appointment.

Between February 2017 and February 2018, the screening survey was accessed and
completed 406 times. Each survey response was not necessarily a unique individual. During
this same time frame, 141 individuals qualified for the study and gave contact information,
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while 21 did not qualify for the study and also gave their contact information. Additionally,
73 participants were recruited into the study and completed the 1 month trial; the initial 15
participants are omitted from this manuscript because of changes to data collection between
piloting and finalised data collection.

The laboratory in which this study was conducted is located on the Oklahoma State
University, Tulsa campus. Participants signed the informed consent at their baseline
appointment prior to participation. If a participant was under the age of 18, one parent

was required to attend the baseline appointment to partake in the informed consent process.
Participants were contacted by a member of the research team and then scheduled for a
baseline appointment to begin their participation in the study. Although 141 participants
qualified for the study during this time frame, the number of transdermal alcohol sensors we
had restricted the number of participants who were able to complete the 1 month trial to 73.
Participants were scheduled on different days of the week dependent upon their schedule.

Data was collected from a sample of 59 participants; however, two participants had
greater than 50% missing data from their transdermal alcohol sensor. These participants
were excluded from these analyses. The final sample included in this manuscript is 57
participants. Capacity of the research lab, including a limited number of WrisTAS devices,
was a major bottleneck between potential participant interest in the study to completion of
the study.

Incentive structure

Participants received, in total, at least $325 for participating in the 4-week trial. Incentive
structure may be an important component of the feasibility of this trial: incentives

increased throughout the study period to reward completion. Participants earned $50 for

the completion of week 1, $60 for the completion of week 2, $70 for the completion of week
3, $80 for the completion of week 4, and a $65 bonus for returning instrumentation in good,
working order. This incentive structure takes into consideration other data collection pieces
not required for this manuscript, including weekly blood samples, a hair sample and a saliva
sample, among other self-report measures.

Data collection

Participants completed a number of measurements over a 1-month period. This data
collection was part of a larger study that included other health habits, environmental
conditions and biomarkers of female adolescents and young adults of childbearing potential.

Demographics.—Several demographic factors were collected at baseline, which included
race/ethnicity, mothers’ education and current age. Race and ethnicity were assessed by two
items: racial identity was assessed via a “check all that apply” option and ethnic identity
was assessed as Hispanic or non-Hispanic. These two items were combined into a single
racial/ethnic identity. All Hispanics selected “other race” and were therefore categorised

as Hispanic. All American Indian participants also selected at least one other race: for

the purposes of this analysis they are considered American Indian and not multi-racial.
Mother’s level of education was also included as a proxy of socioeconomic status. Taken
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together, racial/ethnic identity and mother’s education accounts for approximately 10%
of the variability in alcohol use during early adolescence and as little as 7% among

older adolescents [14]. The female adolescents and young adults in this trial did not have
significantly different race/ethnicity, or mother’s educational status (Table 1).

Participants’ ages were collected at baseline. Participants ranged in age from 14 to 24

years old. For the purposes of the current study, participants up to age 20 were grouped

as adolescents, and participants 21-years old and over were grouped as young adults.

These criteria are based on MLDA, rather than on development. Examination of age as

a dichotomous variable will allow direct comparison of the validity and use of transdermal
sensors in adolescent and young adult females. Overall, the mean sample age was 18.82 (SD
= 2.75; Table 1). The sample consisted of female adolescents (/7= 40) with a mean age of
17.18 (SD = 1.08) and female young adults (n= 17) with a mean age of 22.71 (SD = 0.92).
We split this study into two groups to assess the feasibility and reliability of the transdermal
alcohol sensors between the groups.

Estimated blood alcohol concentration.—Each week, participants completed a
retrospective report of alcohol and other drug use, following a timeline follow-back
approach [15]. Participants were asked to report on the number of standard drinks of beer,
wine, mixed drinks and shots consumed each day during the previous week. Participants
were also asked to estimate the length of the drinking occasion. These self-reports were
used to calculate a daily eBAC via three distinct calculations: Matthews and Miller [16],
the National Highway Traffic Safety Administration (NHTSA) calculation [17] and a
modified NHTSA calculation by Zhang [18]. Each calculation was conducted with and
without alcohol metabolism, because the metabolic component would result in a calculation
of eBAC at the end of a drinking event and not the peak of a drinking event, as was
theoretically collected via the transdermal alcohol sensor. The equations vary slightly, and
the equations for females are presented as follows:

Matthew&Miller:eBAC = [(c/2) * (9.0/w)]| — (Be * 1)

NHTSA:eBAC = (c * 0.806)/(w * 0.49) — (Bg0 * 1)

Zhang:eBAC = (¢ *0.806)/(1.1w *0.49) — (B0 * 1)

Wherein cis the self-reported number of standard drinks consumed; wis the weight of the
participant in kilograms as collected for this study objectively by trained research assistants;
tis time spent drinking and Bgo is the rate of alcohol metabolism or 0.017 g/dL. Estimated
BAC, as calculated, will serve as the comparison measure to assess the transdermal alcohol
sensors in field settings.
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Transdermal alcohol sensor data

As an application of Henry’s law, [19] provided evidence that there was no significant
difference between measured eBAC and insensible perspiration through the skin. Wrist
Transdermal Alcohol Sensor (WrisTAS; Giner Inc; Newton, USA), manufactured by Giner
Incorporated is a proton exchange membrane sensor capable of measuring the concentration
of ethanol molecules in solution [20]. [Correction added on 30 March 2020, after first online
publication: the preceding sentence has been amended.] WrisTAS devices demonstrate
convergent validity with other transdermal measures [21] and self-report [22] among adult
populations. In order to develop interventions using these emerging technologies, their use
among adolescent and young adult populations must be feasible and reliable.

Participants wore the transdermal alcohol sensors for at least 28 days. These devices
continuously sample and store the following data: ethanol vapour detected near the skin,
temperature and skin conductivity data. Temperature and skin conductivity data can be used
to check that participants wore the sensors for at least 21 hours per day, as required for the
study. Participants were taught how to adjust the velcro straps on the sensor for comfort.
Participants were instructed to remove the sensor to exercise or shower to prevent exposure
to water, as the sensors are water resistant but not water proof. Additionally, participants
were instructed to avoid putting lotion or perfumes at the site where they would wear the
Sensor.

While these sensors are designed for use on wrists, the manufacturer’s website states “you
can wear it discretely on your wrist, or on just about any part of your body where blood
vessels are close to the skin surface’ [23]. Due to the sizing of the velcro straps on the
transdermal alcohol sensor, the ability for participants to wear it on their ankle (which has
three main arteries — peroneal, posterior tibial and the anterior tibial artery) for comfort

and most secure fit was critical. Transdermal alcohol sensors placed on the ankle may be
worn more discreetly than the wrist as they can be covered by pants or boots. Moreover, the
research staff showed the participants how to place the transdermal alcohol sensor on their
ankle at their initial appointment of the study.

Each week, the participant wore a different transdermal alcohol sensor, due to the need

to service the sensors weekly. Each sensor could then be maintained, including changing
batteries and adding deionized water when necessary. WrisTAS devices sample at a
preselected interval: 10 s, 2 min, 5 min or 10 min. For this study, the transdermal alcohol
sensors were set to record every 5 min throughout the study period. The data is stored in the
unit, and requires serial port connection to a computer to download the data. The research
team downloaded data weekly throughout the study period; the data was then reduced as
described below.

Data smoothing

Because transdermal alcohol sensor data is often noisy, we used a locally estimated
scatterplot smoothing (LOESS) technique. This technique was used to smooth the TAC
data utilising both R 3.40 and R-Studio programs. LOESS is a non-parametric regression
technique, which allows the model to be adjusted by baseline, and smoothed by the
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parameter of a, or span. The spanis the percent of overall data to be estimated for each
local data point [24]. The other parameter required for LOESS is the degree of polynomial
represented by lambda, A.. For this data, we are evaluating local linearity, A = 1. While
LOESS has not been used to smooth TAC data, it has been shown to successfully smooth
other continuous physiological monitoring [25] and has been established in comparisons of
other measurement techniques of eBAC [26].

The transdermal alcohol sensors were rotated on a weekly basis for each participant.
Therefore, LOESS models were computed each week to establish consistent baseline values.
The span for LOESS smoothing was set at 0.0125. This parameter was chosen to fit

the model over approximately 25 data points, or about 2 hours. This provided adequate
smoothing while also maintaining enough specificity to model drinking events. Baseline
measures for the data were estimated by averaging the values of non-drinking sensor
readings below 0.015 and then subtracting that mean from the predicted LOESS values.

To accommodate the missing values, the average baseline measure was imputed.

Two independent coders on the research team then evaluated the smoothed curves by week
for each participant. These independent coders read the smoothed data and determined the
number of actual peaks in the data. Despite the data having been smoothed, some relatively
short-term peaks still existed. The coders assessed whether it was physiologically possible
for a participant to reach a certain peak within a short period of time. For example, the
coders agreed that a peak TAC of 0.10 could not be attained over a 10 min drinking event.
However, such peak value was present after the smoothing technique had been completed.
The independent coders evaluated each of the 4 weeks for each of the 59 participants, or
236 weeks. Then, the coders discussed weeks where there was divergence until they agreed
on 100% of the peak values from the transdermal alcohol sensors. Figure 1 shows LOESS
smoothing over the period of 1 week, with three distinct drinking events. Although the
smoothed line eliminates it, raw data overlaid on this figure shows the notable right-handed
tail as alcohol is metabolized, which is characteristic of drinking events. Figure 2 shows

a week of data wherein the LOESS smoothing identified >30 peaks; the coders, however,
determined that this week of data was far too noisy to retain in the dataset and is coded as
missing.

After two independent coders assessed graphical peaks from the smoothed data output,
peak values were calculated. TAC peaks were identified after the baseline TAC reading
was adjusted and after LOESS smoothing; values at or above 0.015 were considered a
drinking event and quantified for each day of transdermal alcohol sensor use. Amongst the
57 participants, 471,625 data points were recorded from the transdermal alcohol sensors.

Data analysis

The data to conduct this study included measures described in the sections above. A
sub-group of this data with paired eBAC and TAC datapoints were also analysed. Paired-
samples ttests were used to determine differences in demographics and drinking events by
age category. Then, paired-samples ~tests were conducted to determine mean differences
between computed estimations of eBAC peaks from each of the formulas (Matthews &
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Miller, Zhang, and NHTSA with and without the metabolic time components) and TAC
peaks by age group.

Repeated measures correlations were calculated using the package rmcorr[27] to determine
the relationship between peak eBAC and TAC. This correlation calculation accounts for the
repeated values by day, clustered by the participant. Using a Fisher r-to-z transformation, we
tested if the correlations between the adolescent and young adult groups were significantly
different. A linear mixed model was conducted with age group as a predictor, with the
method of eBAC measurement nested in participants by day to assess agreement. This was
done via the intraclass correlation coefficient (ICC) to determine if age group is a significant
predictor of eBAC. A linear mixed model was used to determine the agreement among
measures greater than the legal-limit (0.08). Using the legal-limit as a cut-point, accuracy,
specificity and sensitivity were analysed between measures, with TAC above 0.08 as the
referent positive. Finally, to provide a visual representation of agreement among eBAC and
TAC peaks, the best performing formula was plotted with the TAC values using a Bland-
Altman Plot.

Participant compliance

Feasibility

Two participants were excluded for large amounts of missing data; suggesting they were
not compliant during the trial. Both participants were female adolescents and represented
3.4% of the trial population. All female young adults completed the trial with less than
50% of data missing. One transdermal alcohol sensor was lost by an adolescent participant
during this time period; however, she quickly notified the research team, who gave

her a new transdermal alcohol sensor to continuously monitor her alcohol use. The 57
participants, who were recruited and consented to participate, completed the trial and were
compliant with the study methodology and demonstrated device acceptability having worn
the transdermal alcohol sensor over a 1 month study period.

Of the 471,625 data points of continuous alcohol monitoring, 35,803 data points were
missing or corrupted. Therefore, the overall percentage of missing or corrupted data points
was 7.59%. This equated to 186 whole or partial days of missing data, representing 10.8%
of the data collected by day. Missing data varied by the participant age group. Missing

data was recorded more frequently among adolescent females at about (11.78% of the daily
data collected, 141 missing days/1,197 days collected, 7= 40) than young adult females
(8.59% of the daily data collected, 45 days missing/524 days collected, 7= 17), which was
statistically significant even while the composition of the study had more than twice as many
younger participants (XZ =-18.40, < 0.001).

Missing data from the sensors occurred in 34 days when participants reported drinking
events, 1.92% of the total days of monitoring. This occurred in 2% of days (n= 24 days)
within the younger group and 1.91% of days (#7= 10 days) in the older group. Typical
data from a drinking participant appears as clear curves, particularly after the LOESS
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procedure (see Figure 1). Researchers can identify if sensors have been damaged during data
download. The file resulting from a sensor error, if graphed, looks like rain or sporadic data
points in Figure 2.

Among all participants, WrisTAS collected 243 drinking events, while there were 374 self-
reported drinking events. Using weekly totals, participants reported having more drinking
events than were recorded by WrisTAS (Msgit.report = 1.17, SE = 0.048; Myristas = 0.760,
SE =0.064; t=-4.32, df=7, P=0.002).

Among all observations, the daily Peak TAC mean differed from nearly every calculated
eBAC estimation (Table 2). Furthermore, the repeated measures correlation between TAC
and eBAC ranged from 0.20 to 0.24; among adolescents, this range was 0.083 to 0.10

and among young adults 0.37 to 0.39 (Table 2), which were significantly different by age
group (P< 0.001). For all observations, the linear mixed model, using the NHTSA (without
time/metabolism) indicated that age group was a statistically significant predictor of eBAC
(B =0.013, SE = 0.004, f4¢= 66.35] = 3.085, A= 0.002), when clustered by measurement
method, date and participant. The ICC for this model was 0.16, indicating poor agreement.
The Bland-Altman plot shows that there are several datapoints in which TAC or eBAC was
present without the other method; but the difference over increasing measurements is stable
and relatively good [Figure 3a].

Using the dataset with co-occurring method data subset, the mean TAC peak value

was closer to eBAC means among all formula estimations. The NHTSA (without time/
metabolism) formula’s estimated mean peak values were non-statistically significantly
different from the mean TAC peaks among all participants, or by age group (Table 3).
Repeated measures correlations for TAC and eBAC were moderate and ranged from 0.49
to 0.57, with the young adult groups’ repeated measures correlations being stronger in all
eBAC estimations compared to the adolescent group. Using this data, the linear mixed
model’s age group predictor was not statistically significant ( = 0.018, SE = 0.017,

fof= 4129 = 1.033, P=10.308), with an ICC of 0.41 showing moderate agreement between
measures. The Bland—Altman plot among matched method datapoints shows moderate
agreement overall, but as the mean eBAC increases, so does the difference between method
measures [Figure 3b].

The accuracy of capturing true positive events (7= 39), where TAC and eBAC values were
greater than 0.08, and true negative events (77 = 1005), where both values were less than
0.08, was 85.7%. The specificity among observations was 87.9% with a low rate of false
positives (a self-reported event in which the sensor did not register); while sensitivity was
40.0%. Accordingly, the linear mixed model comparing measurement methods had an ICC
of 0.71 when eBAC was greater than the legal limit; however, the ICC was much lower
(0.06) when eBAC measures were below 0.08.
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Discussion

Overall, this study provides proof-of-concept for transdermal alcohol sensors in young
women, but suggests that results are less reliable among adolescent females. Adolescents
may benefit from other methods of collecting self-report data, like the use of ecological
momentary assessments. The context of the study affects social desirability bias. When
adolescent participants know that a research team is largely interested in the effects of
alcohol use, social desirability biases may lead to increased reporting of alcohol use. By
contrast, if self-reported assessments of alcohol use are conducted within school systems,
social desirability biases may support under-reporting of alcohol use.

Drinking event frequency was more frequently captured via self-report when compared

to the transdermal alcohol sensor. Low-peak events may not have been detected because
ethanol transport through the skin has been known to be affected by factors such as skin
thickness, temperature and the hydration state of the skin [28]. Because of these factors,
lower peak events may not have been detected as smoothing may contribute to or confound
this problem. Due to low-peak events not being detected, future studies may take into
account that WrisTAS gave a more conservative reported drinking frequency. For this
reason, it may be beneficial to depend upon self-reported frequency of use in order to
determine ways to reduce the frequency of alcohol use. These results support the use of
protocols for considering a combination of self-report and transdermal alcohol sensor data to
improve the quality of both measurements [21]. Notably, in the event of agreement between
self-report and transdermal alcohol sensor for a drinking event, the TAC and eBAC values
correlated moderately (r=0.49-0.57); exceeding the correlations of previous breath and
eBAC studies (r=0.35) [29]. From these results, we hypothesize that self-report may be
better for frequency of drinking events than transdermal alcohol sensors.

Transdermal alcohol sensors may give a more accurate estimation than eBAC as calculated
by self-report. Self-reported measures are well tolerated by research participants, and offer
insights into frequency and type of alcohol that cannot be ascertained by other technological
methods. However, in natural drinking environments, particularly those in private events,
eBAC calculations have been inconsistent [29,30]. Participants are also poor judges of
alcohol volume [31], an error which varies by drink vessel size [32]. Individuals are not
accurate reporters of alcohol use [30,33], in part due to the memory consequences associated
with alcohol use, particularly at heavy use levels [34]. Likewise, self-report of alcohol
consumption is inaccurate even when recall bias is minimised by inquiring about alcohol
consumption within the context of a drinking event [35]. Estimates of eBAC based on
self-report also assume that participants are drinking on an empty stomach, which is an
additional source of error as alcohol consumption with a meal will disrupt and impede
absorption of alcohol [36].

Use of transdermal alcohol sensors is a promising way to improve estimations of peak eBAC
which can be compared across developmental periods. This feasibility trial demonstrated
that female adolescents had higher rates of missing data than young adults. Greater than
88% of data collected on adolescents and 91% of data on young adults provided continuous,
longitudinal data mapping substance use and abuse; which was previously unavailable. This
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may be due to the recruitment of the present study, which included videos and other visual
presentations of what to anticipate. It may also be due to the incentive structure, which
rewarded completion of the study by increasing the incentive each week and an incentive
for the return of all sensors without damage. We anticipate that missing data and negligence
would have been higher without this incentive.

This research demonstrates consistent reliability with previous studies of adults for the use
of the WrisTAS in combination with self-report. The repeated measures correlation of peaks
from matched self-report and TAC detected drinking events from our sample of adolescent
and young adult females are consistent with previous assessments of the WrisTAS monitors
of adults in clinical dosing settings (r=0.610) [37] and self-report by daily diary (r= 0.59)
[38]. Likewise, they are in the acceptable range for other self-reported health behaviours (r=
0.55-0.57) [39].

These findings indicate that adolescent females have slightly higher rates of missing data
from these sensors compared to the young adult group. Moreover, the total missing rate

of 10.8% is much lower than expected given NHTSA’s technical report [12] stating the
WIrisTAS provided missing or erratic data nearly 67% of the time. These results also
provided higher rates of sensor and self-report converge of drinking events from the sensor
as previous research had a true-positive rate of 24% [28].

Additionally, the WrisTAS has adjustable Velcro straps, which may have contributed to
errors in transdermal alcohol sensor data due to poor fit. Also, the adjustable straps may
have influenced the ability to comply with wearing the transdermal alcohol sensor for a
whole month, as compared to recent trials of single day transdermal alcohol sensor wear
[40].

Future engineering improvements may also positively influence the quality of data collected.
Improvements in the technology, including waterproofing and rechargeable batteries, will
likely reduce problems associated with missing data among this population. As the
technology improves, feasibility and reliability of use among adolescent females should

be reassessed. Moreover, the sensors may be more regularly integrated into free-living
adolescents, as they are for the assessment of physical activity [41].

Future studies may need to plan for higher rates of missing data or provide additional usage
instruction to adolescents, as they may be less careful with the transdermal alcohol sensors
than young adults. Lifestyle factors of adolescents, including less access to transportation,
may impact the missing data rate. Due to limited access to transportation, these participants
may be several days late to participate in their weekly appointments, which increased the
potential for loss of battery charge. Therefore, this directly impacted the missing data rate.
Moreover, adolescents may have fewer structured daily activities, leading to confusion over
days of week of self-reported alcohol use.

Our study indicates promise and the need for additional methodological studies of
transdermal alcohol sensors by adolescents and young adults.

Drug Alcohol Rev. Author manuscript; available in PMC 2023 January 03.
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Figurel.
Transdermal alcohol sensor curves, showing adjustment for baseline and locally estimated

scatterplot smoothing and prediction in blue and raw data points in red.
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One week of transdermal alcohol data, assessed by coders as noisy sensor data, therefore,
coded as missing data. As with Figure 1, adjustment for baseline and locally estimated
scatterplot smoothing and prediction in blue and raw data points in red.
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(a) Bland—Altman plot for estimated blood alcohol concentration (eBAC) and transdermal

alcohol concentration (TAC) measures. The Bland—Altman plot shows the difference
between measures of TAC and eBAC means. This figure uses all daily-recorded measures
of TAC and eBAC, which shows little change with increased alcohol measures. (b) Bland-
Altman plot showing the difference between measures of TAC and eBAC means. This figure
shows only matched events where the sensors detected alcohol concentration in addition to
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the participant reporting alcohol consumption. This plot shows that the agreement between
methods lessened when blood alcohol concentration rose above ~0.2.
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