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Abstract
Wearable alcohol biosensors have emerged as aalioml for noninvasive, objective and
continuous monitoring of alcohol consumption. Heese to date their research and clinical
applications have been limited by several factoctuiding large size, high cost, and social
stigma. In contrast, recently developed wrist-walcohol biosensors are smaller, less
expensive, and may be more acceptable for daily biesvever, these devices are at the
prototype phase and have just begun to be testeddearch applications. In this paper, we
describe our experiences with two prototypes ofeheew wrist-worn alcohol biosensors (i.e.,
Quantac Tally and BACtrack Skyn) and their assediamartphone applications in both a
controlled laboratory setting and the real-worldissnment. Our preliminary experiences with
these devices highlight their advantages includmmgfort, high participant acceptability, and
good compliance. However, there are various limoites that should be addressed prior to future
research applications of these biosensors, induldirge interpersonal variations in transdermal
alcohol readings, lack of immediately applicabléadamnalysis/interpretation software, and poor
battery life after a few months. More researchl$® needed to further validate the new
biosensors, and investigate individual (e.g., skickness, gender differences) and
environmental factors (e.g., humidity, temperatwa)tributing to the variations in transdermal

alcohol readings measured by wrist-worn alcohosénsors.
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Wrist-Worn Alcohol Biosensors: Strengths, Limitaitsy and Future Directions
I ntroduction

Recent advancements in wearable biosensors atyrapanging the landscape of
healthcare. Wearable biosensors have garneredieaaisle interest in the past decade owing to
their tremendous research and clinical potenti&gafitating real-world behavioral and
physiological measurement, aiding the diagnosisteeatment of various diseases (e.qg.,
diabetes, heart diseases), as well as providinginggnonitoring and intervention for health
behaviors (Coughlin & Stewart, 2017; Gao et all@Marrison et al., 2011; Marschollek et al.,
2012; Patel, Park, Bonato, Chan, & Rodgers, 20f&n&ubl, Muse, & Topol, 2015).

In the field of alcohol research, wearable alcdiiokensors have emerged as an
important tool for alcohol use monitoring and pai@iy intervention (Barnett, 2015;
Leffingwell et al., 2013). These biosensors prevedpowerful tool to monitor alcohol use in
real-time with minimal participant burden (Barn@®15; Barnett, Meade, & Glynn, 2014; Bond,
Greenfield, Patterson, & Kerr, 2014; Doughertylet2015; Greenfield, Bond, & Kerr, 2014;
Sakai, Mikulich-Gilbertson, Long, & Crowley, 2008imons, Wills, Emery, & Marks, 2015).
They can provide fine-grained data regarding altake patterns in a noninvasive, objective,
and continuous manner outside of the laboratopanticipants’ natural daily lives. Data
collected from these sensors can be used to coatabparticipants’ self-reported drinking
behavior and provide data for more accurate asssgsshalcohol use disorder (AUD) (Simons
et al., 2015). Given that a “gold standard” foc@w@ately measuring real-world alcohol use has
not yet been established, the convergence of diffeneasures such as self-report, biomarker,
and biosensor data can greatly increase researcbafglence in characterizing participants’

drinking behaviors (Allen, Sillanaukee, Strid, &tein, 2004; Miller, 2009; Wang et al., 2018).



In addition, long-term objective data collectednfralcohol biosensors has the potential to
inform more personalized feedback and adaptivevatgions to enhance the efficacy of
treatment for AUD (Barnett, 2015; Leffingwell et,&2013; Neville, Williams, Goodall, Murer,
& Donnelly, 2013).

The purpose of this paper is to review and to disewew developments in wrist-worn
alcohol biosensors and their potential applicatiorthe alcohol research field. To keep the
paper relatively focused, we only reviewed wearaklesors that collect data passively. We
briefly reviewed underlying technology and currstatus of wearable alcohol biosensors, and
presented our preliminary experiences with protesypf two recently-developed wrist-worn
alcohol biosensors (the Quantac Tally and BACti@k¥n) in both a controlled laboratory
setting and the real-world environment. We alszua$sed the potential benefits and limitations
of these devices for alcohol researchers, andifgestme areas for future research and
development.

Technology underlying existing and emer ging wear able alcohol biosensors

Wearable alcohol biosensors that are currentlyl@wai and under development
generally rely on a small number of underlying teabgies including fuel cell- and enzyme-
based sensors. Fuel cell-based sensors are theonasion approach. These utilize a small
fuel cell that produces measurable electric curasrthey interact with alcohol. Fuel cell
approaches are by far the most mature, having ing@emented previously in the Secure
Continuous Remote Alcohol Monitor Continuous Alcbhmnitoring (SCRAM CAM) anklet
(Alcohol Monitoring Systems, Inc.). The previonsplementation of fuel cell technology
requires an active flow of air across the sensothe case of the SCRAM CAM, a mechanical

pump produces air flow across the sensor. Fukirc#ie device interacts with the small



fraction (approximately 1%) of ingested alcoholttiseexcreted through the skin via sweat

glands and diffusion (Swift, 1993) to measure tdemsal alcohol concentration (TAC).
Transdermal sensors such as the SCRAM CAM useesafttiw across the fuel cell sensor to
facilitate frequent measurement of TAC, but thizr@ases both size and power demands,
resulting in bulkier devices. Additionally, preusly-available transdermal devices use
intermittent measurement such as the SCRAM CAM (sagnpling TAC once per 30 minutes),
as opposed to continuous or quasi continuous me@sunt. Thus, these devices are better suited
for detecting whether any alcohol drinking has oced, and less well suited for finer-grained
analysis of fluctuations in TAC as a consequencaaifhol use over a prolonged drinking
episode.

Recently, manufacturers have developed smallestamrn alcohol biosensors that rely
upon passive diffusion of alcohol vapor to the send his approach has the advantage of being
smaller and much more power efficient as it dogsengploy mechanical devices to generate air
flow. Additionally, this approach also allows famearly continuous measurement as the
devices are not dependent upon the initiationsé#a@ndary device (e.g., air pump) at each
measurement cycle. Current implementations of vwistn fuel-cell devices use a semi-
permeable membrane between the skin and the sienalbow for the diffusion of alcohol from
the skin while preventing undesired compounds, sigctlirt and water from reaching the sensor.
It is unclear what the lifespan of a fuel-cell hsensor will be, but in preliminary testing it
appears to be at least on the order of monthsicBgthat have used this approach include the
Quantac Tally (Quantac Co.) and the BACtrack SBAGtrack, Inc.). Of note, Quantac ceased
business operations in 2017, and as of mid-20E8BtkCtrack Skyn device is currently in the

prototype testing phase and is not yet availabi@@omchase by consumers. It should also be



noted that the fuel-cell based technology has lsed in the earliest wrist-worn transdermal
alcohol biosensor, the WrisTAS (described in deteihe next section), for decades. However,
the newer generation of wrist-worn alcohol biosessnich as Quantac Tally and BACtrack
Skyn features improvements to make the deviceslemalore durable, and more energy-
efficient, and thus is more suitable for consunss. u

A less common approach involves the use of an eaayased sensor. Less information
has been made available about enzyme-based appsdacithe measurement of TAC, and these
may prove a promising avenue. However, currentiges-development wrist-worn
implementations of this technology require thateheyme-based sensor be embedded in a
replaceable cartridge that must be changed atdeasta day. This requirement increases
participant burden, potentially making these devicappropriate for certain populations. Itis
also worth considering that a consumable TAC deniag result in increased costs. To date the
only wrist-worn device that we are aware of impletmey this approach is the PROOF by Milo
Sensors, Inc, which is also at the prototype plasenot available for purchase by consumers.
Currently validated alcohol biosensorsand their limitations

Currently, the SCRAM CAM anklet is the most widelsed and validated transdermal
biosensor (Leffingwell et al., 2013; Sakai et 2006). Research shows that using the SCRAM
CAM anklet as an objective monitoring tool can iy prediction of alcohol dependence,
increase treatment compliance and enhance thaeffef alcohol intervention (Barnett et al.,
2017; Barnett et al., 2014; Dougherty et al., 2@dygherty et al., 2015; Neville et al., 2013;
Simons et al., 2015). However, the SCRAM CAM anldadesigned primarily for law
enforcement purposes (e.g., monitoring abstinerme &lcohol for those who have been

convicted of alcohol-related offenses), and widmpli@ation of this device in clinical and



intervention settings is limited. Several limitats of the SCRAM CAM anklet restrict its
application in such settings, including: (1) relaty large size and weight (164.49/5.80z) for
long-term daily use; (2) high device cost ($150@hwiaily service fee ($5-8); (3) a large
sampling interval (30 minutes), which may be inmight to capture the complex dynamic of
drinking behaviors; (4) likely to have social stignm some contexts and settings due to its
application in law enforcement; and (5) requiremanegular data uploading via a proprietary
base station with no readings accessible at meal dir to the participants (Barnett, 2015;
Greenfield et al., 2014; Leffingwell et al., 2013).
<Figure 1 about here>

Unlike large ankle bracelet devices, wrist-worroalal biosensors are smaller and may
be more acceptable for daily use. The WrisTAS thadirst wrist-worn transdermal alcohol
sensor made available to the research market.uBeddy Giner Lab (Newton, MA), WrisTAS
utilizes an electrochemical (fuel cell-based) semisat detects ethanol via oxidation of alcohol
vapor to acetic acid (Greenfield et al., 2014; M&®|& McKnight, 2009; Swift, 2000). It
samples at predetermined intervals, ranging frome®@nds to 10 minutes. Data is stored in
memory and can be downloaded to a computer foysisaand graphing. Validation studies
found that TAC indices generated from WrisTAS datagh as peak TAC and total area under
the curve, had a high correlation with correspogdireath alcohol concentration (BrAC) (Swift,
2003; Swift, Martin, Swette, Laconti, & Kackley,9®). However, previous studies showed that
many WrisTAS devices had a relatively high faierat the field with missing data potentially
caused by problems in voltage regulation or chifetre (Greenfield et al., 2014; Marques &

McKnight, 2009). Also, its application has beestrieted to a small group of researchers, and it



has never been marketed to consumers (Dumett 088; Leffingwell et al., 2013; Marques &
McKnight, 2009).
<Figure 2 about here>
The newest generation of wrist-worn alcohol biosensors
The newest generation of wrist biosensors (gantac Tally, BACtrack Skyn) is

designed for consumer use, resembles popular ditneskers or smartwatch devices, and
addresses many limitations of the SCRAM anklet (dgare 1). These devices are light, easy to
wear, and relatively inexpensive (anticipated prg200-300/device). They sample at a much
higher frequency (e.g., every second) than the S@RAklet, can transmit data in real time, and
can display data via a smartphone app, as wetl as bnline database available to researchers or
clinicians. These advantages make the new wristrtlwimsensors a potentially powerful tool for
daily alcohol monitoring and alcohol treatment adesof clinic settings. Despite the promise for
wider application, these new wrist-worn biosensuesstill at the prototype phase and have just
begun to be tested by researchers for validatidrezaluation of usability and acceptability.
Recently, our group obtained prototypes of the Qamially and BACtrack Skyn devices from
their respective manufacturers and have been tisosg devices to collect data in a controlled
laboratory setting and in naturalistic (real-workg)vironments. Below, we discussed our
preliminary experiences with these devices frorasearch perspective. Of note, our studies
with these new biosensors are still ongoing anctmt achieved adequate sample size to report
any aggregated findings.

Preliminary experiences using two new wrist-worn alcohol biosensorsin theresearch

environment

Description of the user interface



Data from both the Quantac Tally and BACtrack Sgyototypes are transmitted
wirelessly via Bluetooth to an Apple iOS-based deyivhere the data are presented in a
specialized application (app) developed by thespeetive manufacturers. Pre-release apps for
both the Quantac and BACtrack devices provide tigad-visualizations of the current alcohol
sensor reading, skin temperature, data connedianss and battery status of the device. The
Quantac Tally app includes additional featureduiiog data on humidity and an account
settings function, where participants could crélagé own account using an email address and
record basic information including gender, heigimgi weight. The app also includes the ability
for users to manually enter drinking behavior, ll the logging of time, volume and type of
alcohol consumed using a simple graphical userfade. This user-provided data do not impact
the TAC readings, but could be used as convergedérce of drinking behavior. The Skyn app
does not currently include account setting or maduaking input functions. However, it
allowed selection of sampling interval for the dobsensor (i.e., every 1 second, 10 seconds, 30
seconds, 1 minute, or 5 minutes). In contrastT#dly app has a default sampling interval and
displayed data at an interval of 30 seconds. Bpfs included an option to enter breathalyzer
readings and anecdotal notes (See Figure 2).

<Figure 2 about here>
Using wrist-wor n alcohol biosensors during a laboratory alcohol challenge

Recently, a member of our group (DJF) began a studynining the association between
transdermal alcohol response recorded using tHg diaBkyn wrist-worn biosensors and
conventional breath alcohol concentration (BrAGphgsAlco-Sensor IV (Intoximeters of St.
Louis, MO), measured during a controlled laboratdrgllenge paradigm. Data collection is

ongoing at this time, and participants in the st(ekpected n = 20) were recruited as part of a



larger study (expected N = 85) of subjective al¢@bsponses in the laboratory and natural
environment. All participants were healthy, yowdylts (ages 21-29 years) who met criteria for
heavy drinking. “Heavy drinkers” were defined adividuals who consume 14 or more drinks
per week for men, 7 or more for women, with 1-4dyedrinking episodes (defined as
consuming 5 or more drinks for men or 4 or moreksifor women over a two-hour period), but
who endorsed no more than 3 AUD criteria (i.e.jvitilials meeting DSM-5 criteria for
moderate or severe AUD are excluded from partimpat

The protocol for the laboratory challenge portidithis study was based upon previous
work in this area (Fridberg, Cao, & King, 2015; Kjrde Wit, McNamara, & Cao, 2011).
Informed consent was obtained from all participamd the study protocol was approved by the
University of Chicago. Briefly, upon arrival togtiaboratory, participants provided a breath and
urine sample to verify recent abstinence from adtaimd other drugs and consumed a standard
snack. They were informed that the wrist bioseii®uantac Tally or BACtrack Skyn) was
designed to measure alcohol use and provided cbtesemrar the device for the duration of the
laboratory session. Participants were randomligasd to wear one of the two biosensors.
They removed any jewelry from both wrists and walstéwed dried their hands and wrists
thoroughly before attaching the biosensor snughinéir wrist. Participants wore the device for
approximately 20 minutes prior to alcohol admird@gtn as they completed pre-study
guestionnaires. Participants then consumed amalicdbeverage (190-proof alcohol with
water, flavored drink mix, and sucralose in twanérportions over 15 min with a 5-min break in
between. The alcohol dose for the beverage wagh® ®f body weight, calculated according to
the Widmark formula, with female participants reteg 85% of this amount to account for sex

differences in body water (Watson, Watson, & BE#30). BrAC was measured at pre-drink



baseline and at various intervals (15-195 min)raftanking, as in previous research (King et al.,
2011; Fridberg et al., 2015). Participants alsavjgled information on subjective alcohol
response at each time point. These data were tadléar the parent study and are not presented
here. Participants read magazines or watched déDgeen assessments, and were discharged
home via car service after participation when tBe&C was 0.04 g/210L or lower. Data from
the Tally or Skyn prototype were collected durihg session using the pre-release app for each
respective device.
<Figure 3 about here>

Figure 3 shows BrAC and transdermal alcohol response data & Quantac Tally
prototype recorded from a 24-year-old male pardiotqweight = 96.2 kg/212 Ibs). Biosensor
data represent deviations from the average seasponse from the 20-minute pre-drinking
baseline period prior to the participant’s firgs sf alcohol, and are expressed as a percentage
deflection of the alcohol sensor, where 100% isntlagimum threshold of alcohol detectable by
the sensor. As shown in the figure, BrAC rosepteand peaked at approximately .09g/210L
of breath 60 minutes after drinking started. Intcast, TAC as measured by the Tally prototype
peaked at approximately 115 minutes after drinkinget with a more gradual slope to peak.
The participant’s skin temperature was approxinyg28l6°C (83.5°F), and humidity at skin was
approximately 62% during the session. Mean amb@n temperature and relative humidity
during the session were 20.6°C (69°F) and 44.4%pedively.

<Figure 4 about here>

Figure 4 shows data recorded from a 23-year-old femalaggaaint (weight = 61.2

kg/135 Ibs) using the prototype BACtrack Skyn devid@ he same alcohol administration and

recording protocol was used as for the Tally prygietdata depicted in Figure 1. The BACTrack
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Skyn device outputs data in arbitrary units thatlarearly related to TAC, using a proprietary
process. In this example, BrAC again peaked atoxpately 60 minutes after drinking started
(0.07g/210L of breath) and the biosensor respoaakqa approximately 135 minutes after
drinking onset. The participant’s skin temperatwes approximately 35.7°C (96°F) during the
drinking session, and mean ambient room temperanaéumidity were 28°C (82°F) and 13%,
respectively.
Using awrist-worn alcohol biosensor in thefield

Our group members (ECP & YW) also developed a paitto use the Quantac Tally to
measure alcohol use in the real-world environmegat a two-week period. The study protocol
included a two-week alcohol monitoring using thea@uac Tally with mobile app-based
ecological momentary assessment. However, dueettatt that Quantac ceased their business
and there was a significant battery life issue \thign Quantac biosensors in our possession, we
did not have the chance to actually complete amyweek field test as planned in the protocol.
Figure 5 shows pilot data collected from a 34-yadrfemale participant (weight = 53.5 kg/118
Ibs) using this protocol over a 16-hour period.eféhnwas clearly a drinking episode starting
around 6pm as the TAC curve showed a significaawagion and then a slow declination. In the
drinking log, the participant entered 1.5 stand#idks (wine) completed around 6pm. At
approximately 9pm, alcohol sensor data was intéecuprhis may have been the result of the
sensor being taken off briefly or being misadjustéeémporally corresponding changes in both
humidity and temperature sensors appear to sugipsras they both abruptly fall and recover as
would be expected when briefly moved from skin.isTinformation can be used in data
handling procedures, indicating data that may betel@, interpolated or otherwise treated as

noise and not a true reflection of TAC.
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<Figure 5 about here>

These example data demonstrate that alcohol seesmrnses may vary by device,
participant, and BrAC, even in response to a fidese of alcohol in a well-controlled laboratory
environment. Multiple individual difference factomay affect alcohol biosensor responses
recorded in the field, including skin thicknesstgpération, ambient humidity, temperature,
movement, and other factors. Presently, there@arestablished guidelines or best practices for
analyzing and presenting alcohol biosensor data tleese new wrist-worn biosensors. The
direct translation of TAC to BAC or BrAC remaingagpic of great interest to the field
(Dougherty et al., 2012; Dumett et al., 2008; Gdanet al., 2014; Hill-Kapturczak et al., 2015).
Luczak, Rosen, Barnett and other researchers rewxataped mathematical models and software
(i.e., BrAC Estimator) to estimate BAC/BrAC from TADai, Rosen, Wang, Barnett, &
Luczak, 2016; Luczak et al., 2018; Luczak & Ros#1.4; Luczak, Rosen, & Wall, 2015;
Rosen, Luczak, & Weiss, 2014). The BrAC Estimatcludes an individualized calibration step
in its modeling for more accurate estimation. Heereestimated quantification of alcohol
consumption or BAC from TAC signals generated fitbese new wrist biosensors is still under
development, and not yet distributed by either Qa@aor BACtrack at the time these data were
collected.

Of note, the same group of researchers (Barnatt,e2#015) has developed software for
Microsoft Excel (Transdermal Alcohol Sensor Datackta TASMAC) to translate TAC
recorded via the SCRAM CAM to estimated BAC. Th@&®8 Estimator software mentioned
above is also included as part of TASMAC. Howeugstead of requiring an individualized
calibration step, the BrAC Estimator included ie IPASMAC Macro applies a population-

based approach using the mean of the parametezsageth from prior lab alcohol administration
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studies. TASMAC may be adapted for use with threse wrist-worn biosensors; however,
consideration of these wrist-worn sensors’ muchéigampling rate and the passive absorption
of alcohol (as compared to SCRAM CAM’s active cdlien) may require specific signal
processing approaches that improve TAC signal-teen@tio. These will likely involve the
removal of high frequency signals, such as thosedby motion artifacts and other sources
unrelated to the much slower physiological emissibalcohol from the skin prior to
guantification. Potentially useful metrics for quidying alcohol consumption from wrist worn
biosensor TAC values include the magnitude of thead at given time points, but other
approaches are also likely to be useful includirgaainder the curve, and time for TAC to peak
and to return to baseline. These and other meatadsable from the TAC signal may provide
information previously only accessible through geffort. These potentially include drinking
styles (inferable from shape and slope of ascen@#@) and alcohol elimination (inferable
from descending TAC). Such metrics would alloneggshers to paint a more complete picture
of not only volume but pattern of alcohol consurapti Finally, much is unknown about inter
and intra-individual differences in the relatiornsbietween TAC and blood alcohol
concentration. Future approaches may benefit iamithin subject calibration approach as well
as the addition of direct measurement of perspinaiising sensors of electrodermal activity.
Strengths, Limitations, and Future Directions of the New Wrist-Worn Alcohol Biosensor s
While there are many advantages of these wrist-warsensors compared to the
SCRAM CAM anklet, we identified several limitationgthe prototypes as well as their
associated apps from our experiences. Below, a®idsed some strengths and limitations of
the new wrist-worn alcohol biosensors and areafuftiner improvements and research on these

devices.
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Participant compliance

The newest generation of wrist-worn alcohol biosesiss similar in size and feels to
activity monitors and or smart watches, which mayreéase participant compliance as they are
relatively unobtrusive and may go unnoticed byipgrénts in daily use. In our testing,
observed challenges include the need for the jjaatic to wear the band reasonably tightly
across the wrist, which could result in poor pgraat comfort and low compliance depending
on body type and device design. These biosentrs some degree of water resistance though
the manufacturers recommend that users not bathwior while wearing the devices, which
may also limit user compliance.

Unlike the SCRAM anklet, these new wrist-worn alobbiosensors cannot be locked
onto a participant’s wrist. However, it is poseilbd infer participant compliance in wearing the
device through other sensors included in thesecds\(e.g., Figure 5 as an example). For
instance, the Quantac Tally has temperature, htyradid skin contact sensors (the skin contact
sensor data was not provided in the Quantac apple the BACtrack Skyn has a temperature
sensor. These additional sensors can continutnasly body temperature/humidity to provide
useful indicators of whether the device has beepaaty placed on participants’ skin. As shown
in the field data, it is possible to distinguistnoompliant time periods from compliant periods
by examining temperature/humidity patterns. A suddecrease or increase in temperature
and/or humidity usually indicates noncompliance rehtee biosensor is likely removed from
skin surface.

Acceptability and usability
Despite the potential concerns with participant fmhdiscussed above, no participant in

our pilot studies complained spontaneously aboatring the biosensors and nobody asked to
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have the biosensor removed during the laboratoajterige. While we did not formally assess
participants’ opinions about the comfort or appeeesof the devices, comments from the
participants included: “I didn’t even notice it wimere”, “comfortable”, “unobtrusive”, and

“very cool.” We also obtained qualitative datanfrd2 (8 males, 4 females, mean age = 32.08,
SD = 5.33) current participants in another alcdtotly, who engage in at least monthly heavy
drinking, for their views of the new wrist-worn alwl biosensors. When asked them to relay
appealing aspects of a wrist-worn alcohol sensonnoon themes that emerged including its
value in decision making while drinking, particdjedriving (e.g., “I like that it can detect
alcohol because that's a pretty good use for aaladevice. It can help people know when not
to drive or do reckless things.”). Other appeahsgects included convenience, ability to track
levels of intoxication, and preference for skindiegs as opposed to breath or blood. Interms
of aspects current heavy drinkers did not like,dbkay between alcohol consumption and
receipt of a reading from the device was the ntaamie. The other theme mentioned by
multiple participants was that readings appearroap rather on the device itself, but this could
be potentially resolved if BACtrack delivers itsarwatch model (i.e., integrated with Apple
Watch). Thus, our early experiences indicate tiiete new wrist-worn alcohol biosensors are
highly acceptable to participants.

In terms of ease to use, the new wrist-worn biosenare dependent on a smartphone
app to log data, which is a consideration for regeaurposes (e.g., a participants’ smartphone
must be compatible with the biosensor to record,data compatible device must be provided
by the researcher). Properly operating the biagsrend their associated apps also requires
some proficiency with technology. Furthermore,ma¢iced a shortening of battery life after a

certain period of use (a few months) for both bicees. While battery life on the new
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generation of devices is on the order of daysh#iteries still require charging at regular
intervals, which may further limit user compliancghis is especially important for real-life
deployment of these biosensors, because no ddthengbllected if the device runs out of
battery in the middle of a field test and particifsamay not notice the issue if they do not
regularly check the status of the battery via tharsphone app.

Factorsinterfering with data quality

In our initial testing, high levels of perspiratisaemed to be a key factor negatively
impacting data quality. The incorporation of huityichnd temperature sensors may be able to
account for this factor to a degree, though it i@sanclear if situations where perspiration is
greatly increased (e.g. dancing, sex) will allow\alid data collection using these new wrist-
worn alcohol biosensors. In one case, a piloi@pant was heavily sweating due to exercise
while she was wearing the Skyn biosensor, whichlted in no signal and apparent malfunction
of the device. The biosensor returned to its nbstae after a few hours when the semi-
permeable membrane was totally dry. It is alsdearavhether the devices can produce high
quality data in high humidity and high temperateneironments, given that perspiration will be
significantly higher in such environments. Manufsers report active development of analytic
strategies that incorporate this information ans thay be a surmountable challenge.

We observed that other potentially common situatioad a negative effect on data
quality. For instance, the application of sunblapipeared to significantly impede permeability
of the semi-permeable membrane, rendering the sereftective. It may be the case that other
skin treatments such as moisturizers and cosmaiilcgroduce similar results, and
consideration of this is important before theseicksrare deployed in real-world environments.

Other sources of alcohol (not transdermal) may aé&sgatively impact data quality. In one

16



situation, a pilot participant spilled a small ambalcohol down their arm while preparing a
beverage, an occurrence that may be unavoidable albehol consumption is allowed within

the study design. This spill resulted in erronebA€ readings for an extended period of time.

It should be noted that Alcohol Monitoring Systeimg, provides a list of products/behaviors
(e.g, hairspray, perfume) to avoid while wearing BCRAM CAM bracelet to reduce the
likelihood of exposure to environmental alcohok game list could be adapted as guidelines for
users of these new wrist-worn alcohol biosensoenture high data quality.

Improvements needed for futureresear ch applications of wrist-worn alcohol biosensors

Wrist-worn alcohol biosensors are still in the ptgpe phase, and require further
refinement to address some limitations prior tolojgpent in actual research or clinical
applications. As noted above, these devices gremdient upon a smartphone or similar device
for data collection and upload, which could profialenging as researchers must ensure that all
potential participants have (or are provided) a gatible device. In clinical environments where
participants may be incentivized to reduce alca@oolsumption or to abstain (e.g., in a
contingency management intervention), the currenegation of wrist-worn devices do not
include functionality to ensure the device is o desired participant. It is conceivable that a
participant could remove the device and apply @& tamily member or another individual,
thereby circumventing the intervention.

In terms of the data collection, difficulty in piaig the biosensor to its app or poor
connectivity could result in data loss for someipgrants even in controlled laboratory sessions
(for Quantac Tally). Internet access (either videMdr data plan) is required for the app to stay
connected with the backend data platform or upkeadi data, which enables real-time data

transmission to the researchers. This could cedta burden for the participants when they are
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sent home with the device and become responsibtddse data collection/upload procedures.
Significant improvements in these aspects are reduiefore these new biosensors can be
applied in real-life environment for consumers.

With regard to analysis, there is no establishé@dré of a “true” or “qualified” (e.g.,
heavy drinking) drinking episode like those esttidid by the SCRAM company to assist with
the interpretation of raw data. This is less pfablem in the laboratory setting, as researchers
will know when a drinking episode starts and eniisiecomes more difficult to identify a
drinking episode in the real world, where researchave less certainty of whether and when a
drinking episode happens. Therefore, certainr@ite assist in the identification of drinking
episodes need to be in place before widespreadragsapplication of these biosensors occurs.
Another important analysis relates to the conversiotransdermal alcohol concentration to
blood alcohol level, as discussed above. The naatufes of these wrist-worn biosensors are
actively working on converting the transdermal alglaeadings into estimated blood alcohol
concentration. However, there is no existing sofuto this challenge at this time. Future
research in this area would be aided significaoylyhe development of a software package
intended to easily import and process TAC data ftloese new wrist-worn biosensors, as exists
currently for other psychophysiological methodstsas electroencephalogram (EEG). Such
software would significantly increase the accesisjnf alcohol biosensors to clinical and basic
researchers in the alcohol field.

Once the hardware and software of new wrist-wocnlabl biosensors become more
mature and widely available, more studies will beded to further validate these new devices
for applications in research and clinical settin@sata supporting validity and reliability of these

new wrist-worn biosensors are prerequisites fohapplications. It is also important to
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investigate individual (e.g., skin thickness, gerdiéerences, alcohol metabolism, and health
conditions such as HIV infection) and environmeffaators (e.g., humidity, temperature)
contributing to the variations in transdermal algloteadings measured by wrist-worn alcohol
biosensors.
Conclusions

The notion of embracing the revolution of weardhtesensors in alcohol research and
intervention is exciting. Our experiences with mewly developed wrist-worn biosensor
prototypes show the potential of these devicestaded in the laboratory and in daily life to
monitor alcohol use. However, significant limitats in both hardware and software must be
addressed before these devices are ready for watespse by researchers. While the
manufactures need to make improvements for a netisble and easy to use device, data

analysis software must be developed to facilitageanalysis of large alcohol biosensor data sets.
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Figure 1. Visual comparison of SCRAM CAM, Quantac Tally é#lCtrack Skyn devices

Front view

CONTINUOUS ALCOHO
MONITORING

Back view

Note. The pictures of the wrist-worn devices wear@qgtypes we obtained for testing as of early
2018. We placed a coin (i.e., a quarter) in the Ve picture as a reference for the actual size

of these new wrist biosensors.
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Figure 2. User interface of Quantac Tally and BACtrack Skyn
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Note.The screenshot on the left is from the Quantac/Eadp. The one on the right is from the

BACtrack Skyn app. These two screenshots werentakdifferent drinking episodes when one

of the authors was testing these devices.
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Figure 3. Example of BrAC and alcohol biosensor data reedifdlom a 24-year-old male

participant using a Quantac Tally device duringl@olatory alcohol challenge (alcohol dose =

0.8g/kg).
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Figure 4. Example of BrAC and alcohol biosensor data recofdsd a 23-year-old female

participant using a BACtrack Skyn device duringladratory alcohol challenge (alcohol dose =

0.8g/kQ).
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Figure5. Example of real-world data recorded from a 34na@d female participant using a

Quantac Tally device during a 16-hour field test
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Note. The drinking episode started around 6pm sighificant elevation in TAC, followed by a
peak at 9pm, and slow decline over time. The m#oticipant indicated in the app that she
consumed 1.5 standard drinks (wine) around 6pmbp#ht, there was a notable spike of TAC
readings that was likely to be an environmentadladt exposure, as the slopes were too steep to
reflect human alcohol metabolism. This type okepivould be identified as a non-drinking

event in post processing by applying criteria saglthose in the TASMAC Macro. Note that the
signal dropout visible in the alcohol sensor chhaneund 9pm corresponds to rapid and
transient change in temperature and humidity. Tiay indicate a period where the biosensor
was removed and reapplied. It is also worth naotivag there were significant fluctuations in

TAC after 9pm, although these fluctuations may d@mon in these new wrist biosensor

prototypes (also see Figure 2, 3).
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Wrist-worn alcohol biosensors may be a powerful tool for real-life alcohol monitoring.
Advantages include small size, low cost, power efficiency, & high acceptability.
Limitations include variable data quality due to personal and environmental factors.
Future directions include validation research and development of analysis software.



