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Research on alcohol use depends heavily on the validity of self-reported drinking. The present paper presents
data from 647 days of self-monitoring with a transdermal alcohol sensor by 60 young adults. We utilized a bio-
chemical measure, transdermal alcohol assessment with the WrisTAS, to examine the convergent validity of
three approaches to collecting daily self-report drinking data: experience sampling, daily morning reports of
the previous night, and 1-week timeline follow-back (TLFB) assessments. We tested associations between
three pharmacokinetic indices (peak concentration, area under the curve (AUC), and time to reach peak concen-
tration) derived from the transdermal alcohol signal and within- and between- person variation in alcohol de-
pendence symptoms. The WrisTAS data corroborated 85.74% of self-reported drinking days based on the
experience sampling data. The TLFB assessment and combined experience sampling andmorning reports agreed
on 87.27% of drinking days. Drinks per drinking day did not vary as a function of wearing or not wearing the sen-
sor; this indicates that participants provided consistent reports of their drinking regardless of biochemical veri-
fication. In respect to self-reported alcohol dependence symptoms, the AUC of the WrisTAS alcohol signal was
associated with dependence symptoms at both the within- and between- person level. Furthermore, alcohol de-
pendence symptoms at baseline predicted drinking episodes characterized in biochemical data by both higher
peak alcohol concentration and faster time to reach peak concentration. The results support the validity of self-
report alcohol data, provide empirical data useful for optimal design of daily process sampling, and provide an
initial demonstration of the use of transdermal alcohol assessment to characterize drinking dynamics associated
with risk for alcohol dependence.

© 2015 Elsevier Ltd. All rights reserved.
This researchwas conducted to examine the convergent validity of a
biochemical measure of drinking, transdermal alcohol assessment, with
self-reports of drinking behavior. previous research has indicated that
self-reports of alcohol drinking and other substance use are reasonably
valid and reliable when participants are assured of confidentiality in re-
search settings (Del Boca & Darkes, 2003; Harrison, Martin, Enev, &
Institute on Alcohol Abuse and

The University of South Dakota,
Harrington, 2007; Patrick et al., 1994; Shillington & Clapp, 2000; Wills
& Cleary, 1997), but Del Boca and Darkes (2003) have outlined several
factors that should be explored as possibly limiting the accuracy of
self-reports. For example, individuals may rely on heuristics that fail to
account for deviations in normative patterns (Patrick& Lee, 2010).Mea-
sures such as the timeline follow-back (TLFB) provide prompts via use
of a calendar to aid individuals in recalling their drinking experience
(Sobell, Brown, Leo, & Sobell, 1996; Sobell, Sobell, Litten, & Allen,
1992). Numerous studies support the validity of the TLFB, though its
strengthsmay liemore in obtaining anoverall summary of drinkingpat-
terns, rather than the number of drinks on a specific date (Hoeppner,
Stout, Jackson, & Barnett, 2010; Searles, Helzer, & Walter, 2000).
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Prospective methods such as Ecological Momentary Assessment
(EMA), Daily Diaries, and the Experience Sampling Method (ESM) at-
tempt to reduce problems with retrospective recall by assessing behav-
ior close to the time it occurs, thus reducing potential memory biases
(Shiffman, 2009; Trull & Ebner-Priemer, 2009). Validity of these
methods is supported by expected associations with criterion variables;
in addition, the methods appear to provide information on variation in
behavior across time that is difficult to accurately assess using retro-
spective accounts (Ebner-Priemer, Eid, Kleindienst, Stabenow, & Trull,
2009; Shiffman, 2009; Simons, Wills, & Neal, 2014). Although research
supports the validity of drinking self-reports, much of the evidence
comes from observing associations across multiple forms of self-
reported behavior, collateral reports, or distal criteria (e.g., alcohol
sales; Borsari & Muellerleile, 2009; Northcote & Livingston, 2011;
Patrick & Lee, 2010; Rice, 2007). Even with an accurate drink count,
differences in the alcohol content of drinks, rate of drinking, as well as
individual differences in pharmacokinetics make accurately gauging
the level of intoxication difficult. thus, research is needed that compares
self-report approaches to biochemical measures, as it can provide
valuable information regarding the relative performance of self-report
measures and the type of biases that might exist (e.g., over- or under-
reporting).

Moreover, drinking in community populations is a dynamic process.
Risk for alcohol use disorder may be associated with a number of fea-
tures of alcohol consumption that go beyond drinking frequency and
broad measures of quantity (e.g., total drinks, number of drinks per
week). In this regard, rate of drinking, most commonly referred to
as “binge drinking,” has been highlighted as a risk factor (Collins,
Kashdan, Koutsky, Morsheimer, & Vetter, 2008; Corbin et al., 2014).
This metric suggests that consuming 4–5 drinks for women and men,
respectively, within a couple of hours is a risk factor for alcohol use
disorder as it signifies the frequency of efforts to reach a point of intox-
ication (e.g., BAC ≥ 0.08; Niaaa National Advisory Council, 2004). Maxi-
mum drinks in a sitting have also been identified as a risk factor (Esser,
Kanny, Brewer, & Naimi, 2012), as have frequency of “extreme” binge
drinking, defined as consuming 15 drinks or more per occasion
(Hingson & White, 2013; Patrick et al., 2013). In line with this, individ-
ual differences in the acute response to alcohol have been shown to con-
fer vulnerability for alcohol use disorder (King, De Wit, Mcnamara, &
Cao, 2011; Schuckit & Smith, 2000; Schuckit et al., 2009). That is, less in-
tense alcohol responses impair detection of internal cues and warning
signs to stop drinking, resulting in rapid-excessive alcohol consumption
(i.e., binge drinking) which in turn confers risk for alcohol use disorder
(King et al., 2011). Thus, it follows that earlymeasures of alcohol depen-
dence such as the alcohol dependence scale (Skinner & Horn, 1984),
have items such as “do you gulp drinks,” suggesting that alcohol depen-
dence may be tied to behaviors designed to cause a rapid increase in
blood alcohol content. Finally, some authors have observed the tenden-
cy for a portion of heavy drinkers to titrate their consumption in such as
manner as to maintain a prolonged state of moderate intoxication as
opposed to a rapid rise and fall in BAC (Hughes et al., 2011). These
three aspects suggest that rate of rise, peak concentration level, and
area under the curve, common pharmacokinetic indices, may be rele-
vant to understanding individual drinking behavior and associated
risks (Irwin, Goodwin, Leveritt, Davey, & Desbrow, 2012; Whitfield
et al., 2001).

To get at these methodological questions about self-reported drink-
ing, transdermal alcohol assessment provides a means of objective and
unobtrusive assessment of alcohol consumption in the natural environ-
ment. A small amount of alcohol is secreted continuously through
the skin, which can be measured via an electrochemical sensor
(Tempelman, Moeller, & Schmitt, 2010). These devices are commonly
used in the criminal justice system to monitor enforced abstinence
(Marques & Mcknight, 2009). The wrist transdermal alcohol sensor
(WrisTAS) is a device about the size of awatch that provides continuous
readings of alcohol secreted through the skin (Tempelman et al., 2010).
In addition, it contains temperature and skin conductance sensors that
are used to determine that the device is beingworn. research comparing
the WrisTAS with breath alcohol concentration (BrAC) as well as
self-reported drinking events supports the validity of the WrisTAS
transdermal alcohol assessments (Bond, Greenfield, Patterson, &
Kerr, 2014; Luczak & Rosen, 2014; Swift, 2000). There is roughly a
30-minute delay in alcohol readings via transdermal assessment
and BrAC (Tempelman et al., 2010). In addition, there is greater indi-
vidual variability in secretion of alcohol through the skin relative to
breath analysis. Hence, the WrisTAS is not a direct quantification of
current alcohol levels (Tempelman et al., 2010). These features provide
limits to the use of transdermal assessment to directly quantify blood
alcohol concentration without individually calibrating devices based
on a laboratory alcohol challenge, though equations have been devel-
oped with some transdermal devices (e.g., scram; Dougherty et al.,
2012; Hill-Kapturczak et al., 2014). Nonetheless, transdermal alcohol
assessment can be used to accurately examine within-person variation
in alcohol consumption and hence provide some validation of self-
report, if not precise accuracy of self-reported alcohol consumption.
On an exploratory level, we also examined the ability of transdermal
assessment with the WrisTAS to differentiate patterns of alcohol
consumption as related to between-person variability in alcohol depen-
dence symptoms.

The present study has four broad aims. First, we seek to validate self-
report alcohol data against biochemical data from transdermal alcohol
assessment. Second, we provide data on the reactivity to wearing the
WrisTAS device. For the purposes of this paper, reactivity is conceptual-
ized as changes in reported drinking behavior as a function of wearing
the device. That is, do participants report more or less drinking when
they wear the device relative to days they do not wear the device?
Third, we seek to compare associations between transdermal alcohol
assessment and three approaches to daily drinking assessment: experi-
ence sampling via (1) random prompts, (2) self-initiated retrospective
assessments of drinking the previous night, and (3) a brief TLFB. These
three forms of daily self-report data vary in respect to ease, cost, and
participant burden. Hence the results may be useful for researchers
seeking to design studies to obtain an efficient estimate of daily drink-
ing. Fourth, we calculate several pharmacokinetic indices from the
transdermal data to examine bothwithin- and between- person associ-
ations with symptoms of alcohol dependence. The study extends previ-
ous research by testing the incremental validity of the WrisTAS
assessments in predicting daily symptoms (i.e., within-person effects)
of alcohol dependence over and above drinking self-report. Moreover,
we examine between-person associations between pharmacokinetic
indices from natural drinking episodes and symptoms of alcohol
dependence.

1. Method

1.1. Participants

Participants were 60 young adults aged 18–21 (M = 19.57, SD =
1.00). Fifty-two percent were women, 97% were white, 1.5% were
Native American, and 1.5% were black. Two percent identified as His-
panic. Recruitment was conducted through e-mail notices and adver-
tisements in local media. This is a subsample randomly selected to
wear theWrisTAS device as part of a larger study (Simons et al., 2014).

1.2. Procedure

Undergraduates between ages 18–25 years who drank at least mod-
erately (i.e., ≥ 12 drinks/week forwomen and ≥16 drinks/week formen;
Sanchez-Craig, Wilkinson, & Davila, 1995) were invited to participate in
the experience sampling (ESM) study. Invited participants provided
informed consent for the study, completed a set of baseline
questionnaires, and were then trained in the use of the palmtop
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computers (PDAs). The PDAs were programmed with PMAT software
(Weiss, Beal, Lucy, & Macdermid, 2004), modified by Joel Swendsen
and CNRS, France. The program was configured to prompt participants
to complete brief ~2 minute assessments at random times within 2-
hour blocks between 10:00 a.m. and 12:00midnight. In addition, partic-
ipants completed a self-initiated assessment each morning shortly after
waking, which included assessments of alcohol consumption and de-
pendence symptoms the previous night (e.g., drinking more than
intended). The study had a burst design, that is, participants carried
the PDAs for 1–2weekmeasurement bursts over the course of 3 semes-
ters. A random sample of participants (20%)was designated towear the
WrisTAS device, and in this subsample, 2 bursts were randomly chosen
for wearing theWrisTAS. The current sample is restricted to this subset
of the larger study. Finally, at the end of each measurement burst, par-
ticipants completed the TLFB for thepastweekon the computer. Further
description of study procedures can be found in Simons, Wills, and Neal
(2014).

1.3. Measures

1.3.1. Alcohol consumption
On each random in situ assessment, participants reported the num-

ber of standard drinks they consumed over the past 30 min on an
8-point scale (0–7 or more drinks). The total number of drinks reported
each night is the experience sampling measure of drinking. Definitions
of standard drinks were provided during the palmtop training. In addi-
tion, eachmorning the participants initiated an assessment and provid-
ed the total number of drinks consumed the previous evening on a 0–25
point scale. This is the daily retrospective assessment of drinking. Final-
ly, at the end of the week, participants completed a 7-day TLFB assess-
ment on a computer. The program provided standard instructions and
definitions of standard drinks. The program displayed a calendar in
which the participant worked backward from the previous night and
entered the number of drinks for each night. The TLFB measure differs
from the original in four ways: (1) it is presented on the computer,
(2) it is self-administered, (3) it does not provide personal memory
cues (e.g., birthdays), and (4) it is a brief 1-week assessment rather
than the extended 6 month to 1 year versions. Because of the brief
nature of the TLFB, we do not think that the lack of personally relevant
memory cues is a substantial limitation. Similar brief and self-
administered TLFB surveys have been used in previous research
(Collins et al., 2008; Hoeppner et al., 2010; Maisto, Conigliaro, Gordon,
Mcginnis, & Justice, 2008), and demonstrate excellent test–retest reli-
ability. However, the pronounced difference in timeframemakes the re-
sults reported here of limited relevance to the validity of the TLFB
procedure over longer time periods.

1.3.2. Alcohol dependence symptoms
Random in situ assessments included a 7-item checklistwith the fol-

lowing choices: (a) felt sick or vomited; (b) drank when you promised
yourself not to; (c) had withdrawal symptoms; (d) tried unsuccessfully
to limit your drinking, cut back, or stop; (e) drank more or for a longer
time than you intended; (f) drank more than usual to get drunk; and
(g) felt alcohol effects less than usual for amount used. Themorning as-
sessment assessed whether the participant (a) passed out, (b) blacked
out, (c) vomited, (d) needed to drinkmore than usual to get the desired
effect, (e) felt less effects than usual for the amount drank the previous
night, (f) a.m. withdrawal symptoms, and (g) hangover. Definitions of
blackouts, withdrawal symptoms, and hangovers were provided during
the palmtop training. Themorning assessment was designed, in part, to
pick up symptoms that might have been missed in the random sam-
pling. Items in the morning assessment that corresponded to items in
the random assessments (e.g., felt effects less for amount used) were
recoded to zero if the item had been endorsed in the evening. This pre-
vents inadvertently counting an event twice. After recoding, the sum
total of items endorsed for the repeated nighttime assessments and the
morning assessments was the measure of acute dependence symptoms.
Previous research with this and another sample supports the validity of
the approach (Simons, Dvorak, Batien, & Wray, 2010; Simons et al.,
2014). In addition, the alcohol dependence scale (Skinner & Horn,
1984) was administered at baseline. This was used as the between-
subjects assessment of alcohol dependence symptoms.

1.3.3. Transdermal BAC monitoring
Transdermal monitoring was measured with the wrist-worn Giner

WrisTAS™ 7 alcohol sensor (Tempelman et al., 2010). Approximately
1–2% of alcohol consumed by humans is excreted through the skin;
when a sample of the perspiration is trapped in front of an electrochem-
ical ethanol sensor this measurement of transdermal alcohol can be
correlated to blood alcohol concentration (BAC). The WrisTAS has
three auxiliary sensor elements. Two monitor skin temperature and
conductance to confirm/record that the sensor is being worn against
the skin. A third confirms that the sensor is hydrated to guard against
false negative alcohol readings. These tamper-resistant features provide
extra data integrity/security. TheWrisTAS sensors have been successful-
ly tested in laboratory and field settings (Bond et al., 2014; Swift, 2000).
The WrisTAS sensor detects readings from 10 to over 250 mg/dl BAC.
Since the sensor is sealed against the skin with medical-grade foam,
the sensor does not detect environmental alcohol or other external en-
vironmental species. Transdermal alcohol levels do not rise as quickly as
blood and breath alcohol levels after the consumption of alcohol. Hence,
transdermal sensing has a lag time due to the pharmacokinetics of alco-
hol in the tissue and skin compartment, so while the alcohol sensor has
an intrinsic response of several minutes, transdermal detection of the
onset of drinking lags by about 30 min. Recent research indicates a sen-
sitivity of 85.6% and specificity of 67.5% for the WrisTAS in detecting
self-reported drinking events (Bond et al., 2014).

2. Results

2.1. Descriptive statistics

Participants responded to 82% of the random experience sampling
prompts and 95% of the self-initiated morning reports. Participants in
this moderate to heavy drinking sample reported drinking for 34.62%
of the days on the PDA and for 36.17% of days on the TLFB. For compar-
ison, the WrisTAS indicated drinking on 31.48% of days. TLFB assess-
ment captured 87.27% of drinking days (based on ESM data).
Similarly, TLFB results corresponded with 89.76% of non-drinking days
(based on ESM data). On the morning reports, participants reported
drinking an average of 7.61 (SD = 5.06) drinks per drinking day. On
the TLFB, participants reported drinking an average of 8.04 (SD =
5.47) drinks per drinking day. Participants removed theWrisTAS device
on 9.89% of days and the sensor failed (e.g., faulty electronic connectiv-
ity) on 17.93% of days. Descriptive statistics are in Table 1.

2.2. Reactivity to WrisTAS

Reactivity was tested by two multilevel negative binomial hurdle
models inMplus 7.1 (Muthén &Muthén, 2012). For themultilevel anal-
yses, days are nested within person. the negative binomial hurdle anal-
ysis is a 2-part model that first tests a logistic model to predict zero
versus non-zero values (i.e., abstaining vs. any drinking) and then esti-
mates a truncated negative binomial count model (i.e., number of
drinks), conditional upon the likelihood of a nonzero value, indicating
that drinking occurs (Atkins, Baldwin, Zheng, Gallop, & Neighbors,
2013). Thus, in the current analyses, we estimate whether the individu-
al reports no drinking on a givenday in the logistic part of themodel, and
then estimates the number of reported drinks (the negative binomial
count) conditional upon the likelihood of drinking. Self-reported drinks
from the morning reports were the criterion variable. This is a daily
assessment of the number of drinks consumed the previous night.



Table 1
Descriptive data.

Source

Baseline ESM AM TLFB WrisTAS

Gender 52% women
Age 19.57 (SD = 1.00)
Percent drinking days 34.62a 34.62a 36.17 31.48
Drinks per drinking day N/Ab 7.61 (SD = 5.06) 8.04 (SD = 5.47) N/A
ADS 11.52 (SD = 5.39)

Note.N=60, 647 days of monitoring. ADS=Alcohol Dependence Scale, ESM= the drinks from the randomexperience sampling. AM=number of drinks frommorning reports, TLFB=
timeline follow-back assessment.

a Percent drinking days reflect whether an event was detected on either experience sampling or AM report.
b Not reported as is not comparable due to being a random sample of time.

Table 2
Comparison of associations between transdermal assessment and three methods of self-
reported drinking.

ESM AM TLFB

OR/IRR p-Value OR/IRR p-Value OR/IRR p-Value

Abstain
Peak 0.93 b .001 0.80 b .001 0.82 b .001
SM peak 0.54 b .001 0.77 b .001 0.81 b .001
Gender 0.92 .031 1.00 .990 0.84 .534

Drinks
Peak 1.02 b .001 1.02 b .001 1.03 b .001
SM peak 1.03 .008 1.03 b .001 1.03 b .001
Gender 1.17 .314 1.29 .016 1.38 .009

Note. ESM = the drinks from the random experience sampling. AM= number of drinks
from morning reports, TLFB = timeline follow-back assessment. Models are multilevel
negative binomial hurdle models. OR = odds ratio (for the prediction of zeros). IRR =
incident rate ratio (for the prediction of counts). ESM (n = 59, N = 463), AM (n = 59,
N = 383), TLFB (n = 59, N = 455). Ns are less than total due to missing data. Bold face
rows are between subject effects.
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for the firstmodel, this was predicted by an indicator variable signifying
whether the WrisTAS was worn (days it was assigned and worn (1) vs.
days that it was not scheduled (0)) at level 1 (i.e., within-person level)
and the subject mean of this variable at level 2 (i.e., between-person
level). The subject mean of the indicator is the percent of days that
individual wore the device. This tests whether individuals who were
more compliantwithwearing theWrisTAS differed in reported drinking
at the between-subjects level. The level 1 predictor was centered at the
person mean and the level 2 predictor was centered at the grand mean
to disaggregate the within- and between- person effects (Enders &
Tofighi, 2007). The first model had 60 participants and 2188 person-
days. In the following analyses, we report the incident rate ratios (IRR)
for the count part of the model and odds ratios for the logistic part of
the model. The IRR indicates the percent change in the count for every
unit change in the predictor. The OR indicates the percent change in
the odds for every unit increase in the predictor (Hilbe, 2008). The num-
ber of self-reported drinks on drinking days did not vary as a function of
wearing the WrisTAS (IRR = 1.02, p = .687) nor did the likelihood of
reporting abstaining (OR = 0.83, p = .060). Hence, reported drinking
on days when the sensor was worn did not differ from days when the
individual was not scheduled to wear the sensor. There were no signif-
icant contextual effects at level 2. A similarmodel compared days it was
worn (0) vs. days the participant took it off (1). Thismodel contained 60
participants and 434 person-days (i.e., only includes days it was sched-
uled). Consistentwith the above, therewas no relation between remov-
ing the sensor and self-reported drinks (IRR = 0.44, p = .075).
However, taking theWrisTAS off was associated with an increased like-
lihood of reporting abstaining (OR = 6.55, p = .004) at level 1. There
were no significant effects at level 2. Individuals may remove the device
because they are engaging in activities that are incompatible with both
the device and drinking (e.g., sports participation). Overall, evidence for
reactivity seems minimal.

2.3. Convergent validity analyses

Sensitivity, specificity, and area under the curve (from the derived
receiver operating curve) were calculated from a multilevel logit
model in Stata 13 (Statacorp, 2013) predicting self-reported drinking
days in the experience sampling data from peak transdermal readings
from the WrisTAS. The WrisTAS correctly classified 85.74% of self-
reported drinking events at a cutscore of .4, sensitivity was 72.35%,
and specificity was 92.94%. The receiver operating curve (roc) area
was .89. The WrisTAS thus performed well in detecting self-reported
drinking via experience sampling.

Next, we estimated three multilevel negative binomial hurdle
models in Mplus 7.1 (Muthén & Muthén, 2012) to compare correspon-
dence between daily peak WrisTAS assessments and three self-report
measures (see Table 2). The self-reports included (1) nightly totals of
random in situ assessments of drinks in the past 30min, (2)morning as-
sessments on the PDA of total number of drinks the previous night, and
(3) 1-week computerized TLFB assessments. Each model included gen-
der and the person-mean scores on the WrisTAS as covariates. Daily
peak WrisTAS score was a level 1 (within-person) predictor and cen-
tered at the person-mean. Gender and the subject mean peakWristTAS
scorewere level 2 (between-person) variables andwere centered at the
grand mean. The in situ assessment model included number of nightly
assessments as an exposure variable. As expected, daily peak readings
on the WrisTAS predicted self-reported drinks. The IRRs for drinks in
the count portion were quite consistent across models (peak → in situ
assessment, IRR = 1.022, p b .001; peak → morning reports, IRR =
1.021, p b .001; peak → TLFB, IRR = 1.026, p b .001). Thus, for each
0.01 g/dl increase in the WrisTAS peak, the number of reported drinks
increased by 2.1–2.6%. For the logit portion, the ORs predicting not
drinking were 0.93, p b .001 (in situ), 0.80, p b .001 (morning reports),
and 0.82, p b .001 (TLFB). These results suggest that each self-report ap-
proach is comparably associated with the transdermal readings, though
the random in situ reports may be more likely to miss a drinking epi-
sode. Fig. 1 displays associations between the WrisTAS and self-
reported drinks from the morning reports for drinking days.

2.4. Incremental validity analysis

In this analysis, we test whether the WrisTAS transdermal alcohol
assessment predicts daily reported dependence symptoms over and
above the effects of more commonly used alcohol self-report assess-
ment. We tested a multilevel model in Mplus 7.1 (Muthén & Muthén,
2012) predicting daily reported dependence symptoms from the expe-
rience sampling data from nightly totals of random in situ assessments
of drinks in the past 30 min and the area under the curve of the trans-
dermal alcohol signal. The level 1 variables (i.e., nightly drinking self-
report and AUC of transdermal signal) were centered at the person
mean and the person means of the drinks and AUC variables were in-
cluded at level 2 (centered at the grand mean). Gender was included
as a covariate at level 2. Dependence symptoms were specified as a



Fig. 1. Prediction of drinks on drinking days from peak transdermal alcohol signal. Graph
only includes thefixed effect, and hence random interceptwill account for some of the ob-
served deviation from the fitted line.

Table 3
Associations between experience sampling assessment of drinks, transdermalAUC, and al-
cohol dependence symptoms.

IRR SE p-Value

Drinks 1.17 0.06 0.01
AUC 1.01 0.00 b .001
SM drinks 1.71 0.17 0.002
SM AUC 1.02 0.00 b .001
Gender 0.74 0.28 0.284

Note. N = 455, n = 59. Daily dependence symptoms are the outcome. Bold face signifies
between-person effects.
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count variable with a negative binomial distribution. We first tested a
reduced model that included only self-reported drinking and gender.
Self-reported drinking was a significant predictor at L1 (IRR = 1.31,
p b .001) and l2 (IRR= 2.12, p b .001). The effect of gender was not sig-
nificant (IRR=0.70, p= .281).We then added the AUC of the transder-
mal signal within- (l1) and between- (l2) person predictors to the
model. Both self-reported nighttime drinks and the transdermal AUC
were significant predictors at both within- and between- person levels
(see Table 3). Thus, both self-reported drinks from the experience
sampling as well as transdermal alcohol assessment provide unique in-
formation in the prediction of alcohol dependence symptoms. To deter-
mine the incremental validity of the transdermal assessments relative
to self-report, we calculated a likelihood ratio test comparing the full
and reduced models with a scaling correction for the MLR estimator
(Muthén &Muthén, 2012; χ2(2)= 54.67, p b .001). Thus, the model in-
cluding the transdermal data was a significant improvement over the
self-report model.

2.5. Drinking style and dependence symptoms

The final analysis tested between-person associations between alco-
hol dependence symptoms (measured at baseline) and subject means
Fig. 2.Prediction of alcohol dependence symptoms as a function of peak concentration and
time to reach peak concentration during drinking episodes.
of two pharmacokinetic values derived from drinking episodes: peak
concentration and time to reach peak concentration. This analysis was
conducted on 50 individuals with valid WrisTAS readings of drinking
episodes. One individual was a multivariate outlier and removed from
the analytic sample, resulting in a sample of 49. Scores on the alcohol
dependence scale were regressed on gender, subject mean peak con-
centration, time to reach peak concentration, and the peak x time to
reach peak interaction. Continuous variables were centered at their
mean before forming the interaction. The negative binomial regression
model was significant χ2 (4, n = 49) = 10.26, p = .0363, see Table 4.
As expected, average peak concentration from the WrisTAS was
positively associated with scores on the alcohol dependence scale ob-
tained from the baseline assessment. Furthermore, time to reach peak
concentration was inversely associated with scores on the alcohol de-
pendence scale, indicating that individuals with greater alcohol depen-
dence tend to drink in a manner to reach peak concentration more
rapidly. This effect was qualified by the significant peak concentration
x time to reach peak concentration interaction (See Fig. 2). For individ-
uals reporting high average concentrations (i.e.,m+ 1 SD) the associa-
tion between time to reach peak concentration and alcohol dependence
symptoms was not significant (IRR = 0.86, p = .619). However, at the
mean (IRR = 0.34, p = .006), and 1 SD below the mean (IRR = 0.13,
p = .007) of peak concentration, there was an inverse association be-
tween time to reach peak concentration and alcohol dependence symp-
toms. This is consistent with the premise that alcohol dependence is
associated with rapid ingestion of alcohol during drinking episodes.

3. Discussion

The current study adds to literature on the validity of self-report as-
sessment of alcohol use and a growing body of literature on the use of
transdermal alcohol assessment (Barnett, Meade, & Glynn, 2014; Bond
et al., 2014; Leffingwell et al., 2013; Luczak&Rosen, 2014). Given proper
assurances and appropriate assessment methods, research participants
can provide reliable and valid assessment of their alcohol consumption.
The consistency between reported alcohol use on days the device was
assigned and those it was not, suggests that the reliability of self-
report does not vary as a function of the prospect of biochemical verifi-
cation. Though there was a significant association between taking the
WrisTAS device off and self-reported abstaining, we suspect this is
more likely due the device being removed to participate in activities in-
consistent with both alcohol use and wearing the sensor (e.g., playing
Table 4
Associations between peak concentration, time to reach peak concentration, and alcohol
dependence symptoms.

IRR SE p-Value

Peak concentration 1.003 0.001 .001
Time to reach peak 0.339 0.135 .006
Peak × time 1.008 0.004 .025
Gender 1.151 0.137 .236

Note. N = 49. χ2 (4, N = 49) = 10.26, p = .0363
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sports). Overall, there was high convergence between theWrisTAS and
self-report in detecting drinking days, supporting the validity of each
approach to assessment.

The results add to the literature in three ways. First, we provide data
on the correspondence between transdermal assessment and three
common approaches to assessing daily drinking data. Second, we dem-
onstrate that the WrisTAS and experience sampling drinking data each
showed an independent association with alcohol dependence symp-
toms, providing evidence of incremental validity as well as criterion va-
lidity. Finally, we provide preliminary evidence utilizing unique aspects
of the transdermal data to characterize dynamic aspects of drinking
styles and their implications for risk of alcohol dependence. These issues
are discussed in turn below.
3.1. Validity of TLFB, experience sampling, and daily reports of drinking

Peak concentration assessed by the WrisTAS was significantly asso-
ciated with TLFB, experience sampling, and daily drinking reports at
both the within- and between- person levels. Incident rate ratios (IRR)
were highly consistent across the approaches, indicating that the num-
ber of reported drinks on drinking days increased by 2.1–2.6% for each
0.01 g/dl rise in the transdermal peak concentration. There was more
variability in the prediction of abstaining. The odds ratio (OR) for the
morning assessments and TLFB were 0.80 and 0.82, respectively. This
indicates that the odds of abstaining decreased by 18–20% with each
0.01 g/dl rise in peak concentration. In contrast, the OR for the experi-
ence sampling analysis was 0.93, indicating that the odds of abstaining
decreased by only 7% for each .01 g/dl rise in peak concentration.
Hence, the experience sampling, which in this case, obtained random
30-minute samples of behavior every couple of hours,maymiss low fre-
quency drinking events. In summary, though the performance was
quite consistent across methods, the less burdensome daily reports
and TLFB methods did very well and were superior in detecting low in-
tensity drinking. Nonetheless, researchers are often interested in not
only assessing number of drinks in these studies but also assessing pre-
dictors such as affect, whichmay bemore influenced bymemory biases
or establishing temporal associationswithin days, in which case experi-
ence sampling approaches may be necessary. A combination of experi-
ence sampling and daily morning reports (Gaher et al., 2014; Simons
et al., 2010, 2014) or use of EMA (Piasecki et al., 2011)may be necessary
to accurately assess low intensity drinking events.
3.2. Criterion and incremental validity of transdermal assessment and ESM

Area under the alcohol signal curve (AUC) and ESM drinking data
each accounted for unique variance in alcohol dependence symptoms
at both the within- and between- person level. This provides evidence
of the criterion validity of the transdermal assessments as well as ESM
assessments. Furthermore, the associations between the experience
sampling of dependence symptoms and transdermal AUC data provide
support for the criterion validity of the alcohol dependence assessment.
Interestingly, both the AUC and ESM indices of drinking had significant
independent relations to alcohol dependence symptoms. Given that
both measures provide some estimate of drinking level, it is unclear
what unique information each provides. One possibility is that the ran-
dom behavioral samples in the experience sampling capture instances
of rapid succession of drinks (e.g., having had several shots prior to a
random prompt). Such behavior may not be adequately quantified in
the AUC. Alternatively, this could reflect shared method variance be-
tween the experience sampling data of drinking and dependence symp-
toms. However, secondary analyses (not presented) showed similar
associations with data from the TLFB as well as morning assessments,
which would not be accounted for by either of the above explanations.
This issue warrants further consideration.
3.3. Pharmacokinetic characteristics of drinking episodes and risk for
alcohol dependence

The present study was able to provide information about dynamic
characteristics of drinking episodes. Peak alcohol concentration during
drinking episodes was positively associated with alcohol dependence
symptoms at baseline as expected, a finding that is in linewith previous
studies examining variability in pharmacokinetics and risk for depen-
dence (Whitfield et al., 2001). In addition, time to reach peak concentra-
tion was inversely associated with alcohol dependence. Furthermore,
peak concentration and time to reach peak concentration interacted,
such that time to reach peak concentrationwas predictive of alcohol de-
pendence primarily for those who drank at mean or lower intensities.
Hence, alcohol dependence was associated with a pattern of drinking
characterized by both high peak concentration of alcohol as well as
rapid rise of alcohol to peak concentration. This suggests that for
some, differences in themanner inwhich they reach peak concentration
may be indicative of risk for alcohol dependence despite reaching lower
levels of intoxication on average. Thisfinding is qualified by the relative-
ly small sample of drinking episodes for analysis and warrants replica-
tion with a larger sample. However, it is an interesting demonstration
of the potential to advance understanding of alcohol dependence by
evaluating the pharmacokinetic indices calculated from natural drink-
ing episodes.

3.4. Limitations

The primary limitation of the study is the relatively small sample
size, both in respect to number of participants and number of assess-
ment days. Additional work with larger samples is needed to replicate
and extend the results. In addition, the incorporation of an initial alcohol
challenge to provide data to convert person-specific transdermal alco-
hol assessment to estimates of BAC would provide further information
to aid in interpreting the transdermal signal. Previous research utilizing
the SCRAMdevice reported high correspondence between a random ef-
fects model prediction and observed BAC in a laboratory experiment
(Dougherty et al., 2012; Hill-Kapturczak et al., 2014). However, in the
current studywe focus on the prediction of self-reported drinks and de-
pendence symptoms rather the ability of the device tomodel BAC levels.

Our results indicate participants can provide reasonably valid self-
report data. However, generalizability of the results to other samples
should be donewith caution. The validity of self-report is inherently re-
lated to both characteristics of the participant and characteristics of the
assessment setting. For example, results are likely to differ in situations
where individuals fear negative consequences stemming from their
self-report data. In addition, though the sample is a relatively heavy
drinking sample, they are well functioning young adults. Further re-
search is needed to examine these issues in clinical samples with AUD.

Though there was some evidence of increased reports of abstaining
when taking the sensor off, as we discuss above, we suspect this is not
due to an under-reporting bias in the absence of verification. The cur-
rent data suggests that the prospect of verification did not enhance
the validity of self-report at the within-person level (i.e., self-reported
drinking didn't differ on days it was assigned versus not). However,
unfortunately, the study cannot test the broader question of whether
the prospect of verification can enhance the validity of self-report, as
all participants knew they could be randomized to receive theWrisTAS
in the future.

3.5. Summary

Somewill always view self-reported alcohol and drug use data with
skepticism. Substance users have been viewed as immoral and deceitful
for ages, and this has unfortunately carried over into both clinical and
research realms. Certainly, the proposition of scorn, loss of benefits or
freedom, and potential criminal prosecution are good reasons for
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individuals to minimize and hide their alcohol and other substance use.
However, the results of this study demonstrate that in a research con-
text, participants can provide valid reports of their drinking behavior.
There was remarkable consistency across different self-report methods
and the self-reported drinking exhibited robust associationswith trans-
dermal alcohol data. Though these data cannot determine the precise
accuracy of self-report, they provided no evidence of an underreporting
bias. Indeed, participants self-reported drinking on slightly more
days than detected by transdermal assessment. In respect to criterion
validity, the AUC of the alcohol signal predicted alcohol dependence
symptoms assessed via experience sampling at both thewithin- and be-
tween- person level. In addition, there were significant associations be-
tween self-reported alcohol dependence symptoms at baseline and
transdermal alcohol signal during drinking episodes. This latter finding
was less robust, but this may be due to the relatively small number of
drinking episodes. The results provide empirical evidence of the relative
performance of three approaches to daily assessment that will be useful
for research designing daily process studies. Finally, the analyses pro-
vide an initial demonstration of the use of transdermal alcohol assess-
ment to identify dynamic characteristics of drinking to advance
understanding of alcohol use disorder.
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