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Ecological Momentary Assessment of Alcohol Consumption
and Its Concordance with Transdermal Alcohol Detection
and Timeline Follow-Back Self-report Among Adults
Experiencing Homelessness

Eun-Young Mun , Xiaoyin Li , Michael S. Businelle , Emily T. Hébert ,
Zhenggqi Tan (), Nancy P. Barnett (2}, and Scott T. Walters

Background: Studies of alcohol use presume valid assessment measures. To evaluate this presump-
tion, we examined the concordance of alcohol use as measured by ecological momentary assessment
(EMA) self-reports, transdermal alcohol concentration readings via the Secure Continuous Remote
Alcohol Monitor (SCRAM), and retrospective self-reports via the Timeline Follow-Back (TLFB)
among adults experiencing homelessness.

Methods: Forty-nine adults who reported alcohol misuse (mean age = 47, SD = 9; 57% Black;
82% men) were recruited from a homeless shelter. For 4 weeks, alcohol use was assessed: (i) 5 times or
more per day by EMA, (ii) every 30 minutes by a SCRAM device worn on the ankle, and (iii) by TLFB
for the past month at the end of the study period. There were 1,389 days of observations of alcohol use
and alcohol use intensity for 49 participants.

Results: EMA and SCRAM alcohol use data agreed on 73% of days, with an interrater agreement
Kappa = 0.46. A multilevel analysis of concordance of 3 measures for alcohol use yielded statistically
significant correlations of 0.40 (day level) and 0.63 (person level) between EMA and SCRAM. Alcohol
use was detected on 49, 38, and 33% of days by EMA, SCRAM, and TLFB, respectively. For alcohol
use intensity, EMA and SCRAM resulted in statistically significant correlations of 0.46 (day level) and
0.78 (person level). The concordance of TLFB with either EMA or SCRAM was weak, especially at the
day level.

Conclusions: This is the first study to examine concordance of alcohol use estimates using EMA,
SCRAM, and TLFB methods in adults experiencing homelessness. EMA is a valid approach to quanti-
fying alcohol use, especially given its relatively low cost, low participant burden, and ease of use. Fur-
thermore, any stigma associated with wearing the SCRAM or reporting alcohol use in person may be
attenuated by using EMA, which may be appealing for use in studies of stigmatized and underserved
populations.

Key Words: Ecological Momentary Assessment, Timeline Follow-Back, Transdermal Alcohol
Sensor, Alcohol Assessment, Homelessness.
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CONCORDANCE OF EMA, SCRAM, TLFB IN ALCOHOL USE

Alcohol-related mortality among people experiencing
homelessness is 6 to 10 times greater than the general popula-
tion (Baggett et al., 2015), and about 38% of adults experi-
encing homelessness are alcohol dependent (Fazel et al.,
2008), with 31% to 39% involved in high-risk drinking
(Neisler et al., 2019; Reitzel et al., 2020; Taylor et al., 2016).
As a result, individuals experiencing homelessness have a sig-
nificantly greater need for alcohol use treatment than the
general population. Despite this greater treatment need,
existing alcohol treatments may not optimally engage this
population in treatment (Orwin et al., 1999; Wenzel et al.,
2001; see also Collins et al., 2019). For instance, a recent sys-
tematic review of treatment studies for adults with alcohol
misuse who are experiencing homelessness found a limited
evidence base, with only 17 studies meeting the inclusion cri-
teria (Adams-Guppy and Guppy, 2016). The almost exclu-
sive use of self-reported alcohol outcomes in these studies
was raised as a potential measurement concern (Adams-
Guppy and Guppy, 2016). Furthermore, alcohol misuse has
long been stigmatized (Kulesza et al., 2014), and this stigma
can hinder treatment seeking, treatment adherence and
retention, and treatment outcomes (Carvalho et al., 2019), as
well as self-report accuracy.

In treatment trials for alcohol use disorders, the most fre-
quently used outcome measures have been frequency or
quantity of alcohol consumption derived from the timeline
follow-back method (TLFB; Sobell and Sobell, 1995). In this
method, people are asked to recall the number of drinks they
had on each day during a specific period (e.g., past 30 days)
using a calendar and anchor events (e.g., weekends, holidays)
as recall aids. The TLFB is easy to administer and has rela-
tively good psychometric characteristics with various popu-
lations, including homeless individuals (McKenna et al.,
2018; Sacks et al., 2003; Sobell and Sobell, 1995). However,
when using retrospective self-report measures as the sole out-
come measure, this may lead to recall bias due to having to
recall drinking over relatively long periods (see Piasecki,
2019, for a review). For instance, as the time interval
increases, people tend to smooth out the variation in alcohol
consumed on each day and report less drinking overall
(Hoeppner et al., 2010; Searles et al., 2002). Moreover, the
TLFB’s accuracy can be influenced by a person’s impaired
ability to recall alcohol consumption from memory, which
may be more prevalent among people experiencing homeless-
ness due to the high prevalence of comorbid mental and sub-
stance use disorders (Hurstak et al., 2017; Stasiewicz et al.,
2008; Stone et al., 2019).

Recent studies suggest that exclusive reliance on the TLFB
self-report outcomes in clinical trials may be problematic for
detecting abstinence. For example, when the TLFB self-re-
ports of alcohol abstinence were compared with eHealth bio-
marker and breath alcohol content (BrAC) data, 34% to
68% of the self-reports of alcohol abstinence were contra-
dicted by positive readings by BrAC and biomarker data
(Hamalainen et al., 2020). Similarly, a large discrepancy
between the TLFB reports of drinking and the Secure
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Continuous Remote Alcohol Monitor (SCRAM) (47% vs.
92%, respectively) was reported in a study (Alessi et al.,
2019) that analyzed data from 2 outpatient clinical trials.

Compared with a retrospective TLFB approach, there is
evidence that more frequent assessments using interactive
voice response, daily diary assessment, or ecological momen-
tary assessment (EMA) are more accurate in estimating
whether drinking occurred on a given day (Kaplan and Kof-
farnus, 2019; Tucker et al., 2007). For example, Kaplan and
Koffarnus (2019) reported that the agreement between the
past-day self-reports and breathalyzer data (92% and 71%
in raw agreement for their treatment and control groups,
respectively) was better than the agreement between the 30-
day TLFB and breathalyzer data (71% in raw agreement for
both groups). With respect to overall alcohol consumption
level, evidence appears inconclusive and may be explained in
part by participant and study characteristics (e.g., Kaplan
and Koffarnus, 2019; Searles et al., 2000; Tucker et al.,
2007).

Ecological momentary assessment protocols sample peo-
ple’s experiences within days using either a time-based assess-
ment protocol and/or an event-based assessment protocol
(Piasecki, 2019). Reports of alcohol consumption assessed
by EMA tend to give higher overall consumption levels than
reports assessed by TLFB (e.g., Dulin et al., 2017), although
more data are needed to better characterize the relative
under- or overreporting of the 2 methods. Notably, EMA
can detect the dynamic nature of drinking over a relatively
short period of time (Shiffman, 2009) as well as factors, such
as urge, negative affect, and other situational variables that
precede drinking at a particular moment. Furthermore,
EMA has become increasingly feasible and attractive via
applications installed on smartphones (Piasecki, 2019; Wray
et al., 2014). However, to our best knowledge, the validity of
EMA to measure alcohol use has not been studied among
adults experiencing homelessness.

The present study compares 3 methods of alcohol assess-
ment among adults with alcohol misuse who are experiencing
homelessness: self-reported alcohol use measured several
times each day by EMA, self-reported alcohol use measured
at a single time point by TLFB, and biologically detected
alcohol use measured by a transdermal alcohol sensor worn
during the study period (Leffingwell et al., 2013). The
SCRAM (Alcohol Monitoring Systems, Inc.) has been used
successfully in alcohol administration studies in laboratory
settings (Dougherty et al., 2012; Fairbairn and Kang, 2019;
Hill-Kapturczak et al., 2014; Hill-Kapturczak et al., 2015;
Roache et al., 2015), in lab and field settings (Fairbairn et al.,
2019; Roache et al., 2019), and in intervention trials (Alessi
et al., 2019; Barnett et al., 2017; Dougherty et al., 2014;
Dougherty et al., 2015; Rash et al., 2019). The SCRAM has
also been utilized in alcohol treatment trials to verify and
quickly reinforce alcohol abstinence or reductions using con-
tingency management (e.g., Barnett et al., 2011).

Although studies note a number of drawbacks to using the
SCRAM, including equipment failures, equipment loss or
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tampering, discomfort, and challenges related to detecting
lower-level drinking and interpreting transdermal alcohol
concentration (TAC) data (Barnett et al., 2014; Roache
et al., 2015; Roache et al., 2019), correspondence between
self-reported alcohol use and SCRAM-assessed TAC
appears to be adequate, and the SCRAM tends to be reason-
ably well tolerated by participants (see van Egmond et al.,
2020; Piasecki, 2019 for reviews). For example, in a sample
of soup kitchen attendees who reported heavy drinking,
drinking days assessed by daily self-report (e.g., «“...since |
saw you yesterday?”) and TAC readings were correlated at
0.68 at the person-level (Rash et al., 2019). Similarly, a recent
systematic review reported that TAC data from 3 biological
detection methods (SCRAM, WristTAS, and Skyn) had a
correlation of 0.62 with self-reported alcohol use (van
Egmond et al., 2020).

The current study examines the extent to which TAC read-
ings from adults with alcohol misuse who are experiencing
homelessness correspond with self-reported alcohol use via
EMA and TLFB. Given the challenges of conducting studies
with this population and engaging them in clinical trials, the
present study attempts to fill this knowledge gap by measur-
ing the concordance between EMA- and TLFB-based self-re-
ports of alcohol use, compared with continuously monitored
TAC readings from the SCRAM.

MATERIALS AND METHODS
Participants

Data for the present study come from participants who par-
ticipated in Phase I of an intervention development study
(NCT03746808) conducted at a large homeless shelter in Dallas,
TX. The North Texas Regional Institutional Review Board
(IRB) approved the research protocol. The detailed study design,
eligibility criteria, and recruitment procedure can be found else-
where (Businelle et al., 2020). Briefly, participants were eligible if
they scored an 8 or higher on the Alcohol Use Disorders Identi-
fication Test (AUDIT; Saunders et al., 1993); reported consum-
ing at least 1 standard drink of alcohol in the past week; were
concurrently receiving health services at the homeless shelter;
were able to read English at the 7th-grade level; and did not
have any physical or mental disabilities that could prevent them
from participating. If they reported health conditions that might
prohibit them from wearing the SCRAM (e.g., diabetes, swel-
ling, nickel allergy), the study required that they be cleared by a
medical professional at the homeless shelter’s health clinic prior
to enrollment.

Data come from the 49 participants who completed the baseline
visit and 4-week follow-up visit, wore and returned the SCRAM
device, and completed daily EMA surveys (see Fig. 1). Table 1
describes the sample’s baseline characteristics. Participants were
between the ages of 25 and 62 years (M = 47, SD = 9), 37% White,
57% Black, and 82% male. The median lifetime homelessness was
2.5 years (interquartile range [IQR] = 3.4 years) and 1.5 years for
the current homeless episode (IQR = 3.2 years). Participants spent
the night at the homeless shelter for an average of 23 days out of the
past 30 days, followed by outside (3.2 days), at a friend’s home
(1 day), or at a relative’s home (0.9 days). At baseline, participants
reported using alcohol on 14.4 days in the past 30 days, 5.8 of
which were heavy drinking days (4 drinks or more for women; 5
drinks or more for men).
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The majority of participants reported that they were primarily
diagnosed with Alcohol Use Disorder (59%), Cannabis Use Disor-
der (22%), or Cocaine/Opioid/Amphetamine Use Disorder (18%)
in their lifetime. Their comorbid mental health conditions included
Depression (71%), Anxiety Disorders (39%), Bipolar Disorder
(51%), Posttraumatic Stress Disorder (37%), and Schizophrenia or
Schizoaffective disorder (27%). All participants in the current study
had a prescription for physical health conditions, such as heart dis-
ease, lung or pulmonary disease, cancer, high blood pressure, and
diabetes. Participants were receiving a range of services at the home-
less shelter, including crisis management, mental health counseling
or medications, substance abuse counseling, smoking cessation
counseling or medications, and legal aid.

With few exceptions, people who dropped out of the study
(n = 29; 37%) before the 4-week visit were not statistically different
from those who completed the study. Black participants were more
likely to drop out than non-Black participants (p = 0.047). In addi-
tion, the prevalence of lifetime Schizophrenia or Schizoaffective
Disorder among those who completed the study was lower, com-
pared with those who did not complete the 4-week visit (see
Table 1).

Procedures

Data collection took place from 2/12/2019 to 2/27/2020. Partici-
pants completed structured interviews, including the TLFB, at base-
line and 4 weeks. Approximately 5 days after the baseline
assessment, participants completed an equipment setup visit where
they were provided with a smartphone (Samsung Galaxy S3 or S7)
preloaded with an app developed using the Insight™ mHealth plat-
form (https://otrc.stephensoncancercenter.org/Mobile-Health-Tec
hnology) and fitted with the SCRAM “CAM” (Continuous Alcohol
Monitoring) on the ankle. At 2 weeks, participants completed a
brief equipment visit to verify the proper functioning of devices and
receipt of SCRAM data. Participants received $25 for completing
the baseline assessment, $25 for completing the 4-week assessment,
up to $25 each week for completing EMAs (based on percent com-
pleted), and $25 for returning the phone and SCRAM in good con-
dition at the end of the study.

Alcohol Assessment Methods

During the 4-week study period, alcohol consumption was mea-
sured in 3 ways: (i) self-reported EMA via the smartphone app that
prompted surveys once in the morning (30 minutes after the partici-
pant’s self-reported wake time) and at random times during 4
epochs of the day (participants were also expected to self-initiate
additional assessments if they started to drink); (ii) transdermal
alcohol data passively collected every 30 minutes via the SCRAM
worn on the ankle; and (iii) retrospective recall of daily alcohol use
via the TLFB administered at the 4-week follow-up visit. Data sam-
pling frequencies were up to 5 times or more per day for the EMA
data, up to 48 times per day for the SCRAM data, and once per day
for the TLFB data. Transdermal alcohol sensor data were trans-
ferred to a secure server administered by Alcohol Monitoring Sys-
tems (AMS) and downloaded through the SCRAMNet, a secure
web interface. Given that the common sampling frequency of alco-
hol use across 3 assessment methods was at the day level, we aggre-
gated intraday data from the EMA and SCRAM into day-level
data.

Measures

Alcohol use. For EMA, alcohol use on a given day was deter-
mined based on any positive answer to the following questions: (i)
“Have you consumed alcohol today?”, which was scheduled up to 5
times per day (random EMAs); (ii) “Did you just drink or are you
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Screening

Screened for Eligibility
(n=142)

(n=47)

e Ineligible and excluded

Consent & Baseline
Assessment (n = 95)

| © Could not meet or did not
show (n=17)

k.

Equipment Visit

Equipment Visit (n = 78)
e 5 days after baseline assessment
e Received smartphone and SCRAM

_| * Equipment loss (n =13)
"] e Exited the study (n=5)

Y

2-Wk Equipment Check Visit
e n=59camein
e n=1skipped a 2-wk visit
e 14 days after equipment visit
e Data synchronization

2-wk Visit

»| ® Equipment loss (n = 6)
o Exited the study (n =5)

A

4-Week Final Visit (N = 49)
e 14 days after 2-wk visit
e Data analysis

Fig. 1. Flowchart of the participants in the current study.
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about to drink alcohol?”, which was asked when participants self-
initiated drinking-related EMAs; and (iii) “Did you drink any alco-
hol yesterday?”, which was asked during the daily morning assess-
ment about drinking the previous day (i.e., morning diary). If there
was a positive answer to the morning diary question, we counted
the preceding day as a drinking day. In the absence of a valid posi-
tive answer for the morning diary question, alcohol use was coded
as 0 only when participants answered “No” to all EMA questions
(random EMAs without any self-initiated drinking-related EMAs)
the previous day. If not (i.e., some “No” responses and missing
EMA responses within the day without the next morning diary
answer), alcohol use was coded as missing.

For the SCRAM data, alcohol consumption on a given day was
detected via TAC readings. All TAC estimates and related values
were processed using the Transdermal Alcohol Sensor Data Macro
(TASMAC version 1.5; Barnett et al., 2015). A drinking episode
was determined by a minimum TAC = 0.02 g/dl with the maximum
absorption rate of 0.05% or the maximum elimination rate below
0.025% if peak TAC < 0.15 g/dl or below < 0.035% if peak
TAC > 0.15 g/dl. Any positive drinking episode detected within
24 hours was recorded as 1 (1 = detected alcohol use or 0 = did not
detect alcohol use).

All TAC data were analyzed based on a noon-to-noon 24-hour
period. A positive drinking episode detected prior to noon on a
given day was counted toward a previous day drinking episode
because there is a longer time-to-peak TAC with a longer TAC
descending curve than blood or breath alcohol concentrations
(Karns-Wright et al., 2016). A noon-to-noon 24-hour period, com-
pared to a midnight-to-midnight calendar day, is commonly used to
assess daily-level drinking in natural settings (see Roache et al.,
2019).

From the 30-day TLFB reports, if the participant recalled con-
suming any standard drinks on a given day, it was coded as 1 to
indicate a drinking day; a nondrinking day was coded as 0.

Table 1. Means (Standard Deviations) and Percentages at Baseline between the Current Sample of Participants who Completed 4-week Follow-up,

Compared with Those who did not

The Current Sample Did not Complete 4 Weeks Chi-square test or
Variable (N =49) (N =29) t-test p-value
Age in years 47.0 (9.0 45.9(9.7) 0.50 0.62
Man (1; 0 = Woman) 81.6% 89.7% 0.90 0.34
Black (1; 0 = Other) 57.1% 79.3% 3.96 0.05
AUDIT® Score 20.7 (7.6) 20.8 (6.9) —0.04 0.97
Lifetime homeless in months® 48.5 (60.2) 66.1 (54.1) —-1.29 0.20
Current homeless in months® 34.9 (43.6) 34.1(44.1) 0.09 0.93
Number of days at homeless shelter in the past 30 days 23.0(9.5) 25.7 (7.0) —-1.31 0.19
Drinking days in the past month® 14.4 (8.8) 17.9 (8.3) -1.76 0.08
Drinks per day in the past month® 2.3(1.9) 3.2(2.0) —-1.98 0.05
Heavy drinking days in the past month® 5.8(7.2) 8.1(9.1) —-1.20 0.24
Lifetime Depression® 1% 90% 3.55 0.06
Lifetime Anxiety Disorders® 39% 52% 1.24 0.27
Lifetime Bipolar Disorder® 51% 59% 0.42 0.52
Lifetime Posttraumatic Stress Disorder® 37% 21% 2.20 0.14
Lifetime Schizophrenia or Schizoaffective Disorder® 27% 55% 6.40 0.01

Notes.

The degrees of freedom for chi-square tests and t-tests were 1 and 76, respectively.
2AUDIT = The Alcohol Use Disorders Identification Test.

®The median lifetime and current homeless experience were 30 months and 18 months, respectively, with interquartile range (/QR) = 40.5 and
38.5 months, respectively, for the current sample. For those who did not complete all 4 weeks of the study, the median lifetime and current homeless
experience were 54 months and 18 months, respectively, with respective /QR = 87.5 and 44 months.

°Timeline Follow-Back data at baseline, including the number of days using alcohol, average drinks per day, and the number of heavy drinking days
(having 4 or more drinks per day for women and 5 or more drinks per day for men) in the past 30 days.

dAll lifetime diagnoses were self-reported at baseline based on a single item (e.g., Have you ever been diagnosed with Depression?).
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Alcohol use intensity. Alcohol use intensity was estimated by
peak TAC from the TASMAC version 1.5 (Barnett et al., 2015).
Peak TAC is a measure of drinking event intensity (Leffingwell
et al., 2013). Non-zero peak TAC values were recoded as zero if no
verified drinking episode was detected based on the prespecified cri-
teria (see Alcohol use).

For EMA and TLFB, alcohol use intensity was estimated by the
number of standard drinks reported each day. For EMA, people
reported the number of drinks consumed during the morning assess-
ment on each day (“How many standard drinks did you have yester-
day?”) with a dropdown option ranging from 0 to 20. On the
TLFB, people reported the number of drinks consumed on each
day of the past month. Participants were asked to describe what
they drank each day, and a research staff member recorded this
answer in terms of standard drinks: a 12-ounce beer, a 5-ounce glass
of wine, or a shot of liquor.

Analysis

We first examined the extent of bivariate concordance among
EMA, SCRAM, and TLFB measures regarding whether drinking
occurred at the day-level in interrater agreement analyses. We
subsequently examined the extent of correspondence among the 3
methods of assessing alcohol use and alcohol use intensity in mul-
tilevel analyses. Multilevel models take into account the clustered
nature of data (i.e., days within persons) of the current study.
The average cluster size was 28.3 days per person. With this mul-
tilevel modeling approach, day-level correlations are down-ad-
justed due to correcting design effects, compared with bivariate
correlations in a single-level analysis, which ignores that day-level
data are related to each other within persons. In addition, missing
data are better accommodated in multilevel models. Finally, the
associations between demographic covariates and 3 measures of
alcohol intensity were examined in a “complex survey” structural
equation model to account for data clustering. Analyses were per-
formed with SAS version 9.4 (SAS Institute, Inc.), SPSS version
25 (IBM SPSS), and Mplus version 8.5 (Muthén and Muthén,
1998-2020).

RESULTS
Assessment Protocol Adherence

Overall, 91.8% of participants in this sample wore the
SCRAM bracelet for 28 days, with a few participants wear-
ing the bracelet up to 31 days for a total of 1,384 days of
observation. During the study period, 23 study phones were
lost or irreparably damaged, and 8 bracelets were lost by the
78 participants who completed the initial equipment setup
visit (see Fig. 1). This number includes participants who were
lost to follow-up, which most times resulted in equipment
loss as well. Of those who completed the 4-week follow-up
(the current sample), 2 phones were lost. The costs of admin-
istering SCRAM included replacement costs for lost brace-
lets ($1,200 to 1,500 each), which were leased for the current
study, and monitoring fees for each active bracelet ($6/day
per device) in the AMS system. With phones, the costs
included the price of refurbished Android smartphones
(about $100 to 120 each) and data plans ($15/month per
device). All SCRAM bracelets and smartphones returned in
good working condition were reset to be used by new

MUN ET AL.

participants throughout the study. The cost of replacing 2
bracelets was equivalent to replacing all phones lost in the
current study.

Random EMA and daily diary prompts were scheduled
4,776 and 1,347 times, respectively, for the participants in
this sample, of which “actual” notifications were sent 3,943
(82.6%) and 1,078 (80%) times, respectively, for random
and daily diary EMA assessments. In response to the “ac-
tual” notifications received, 3,303 (83.8%) random and 842
(78.1%) daily diary responses were provided. Based on the
number of “scheduled” EMA prompts, the overall EMA
response rate of this study would be 67.7%. Based on the
“actual” prompts participants received, the EMA response
rate was 82.6%. In addition, participants self-initiated 395
EMAs before or after drinking. In total, there were
1,001 days of EMA alcohol data before being matched by
day to 2 other alcohol measures.

The gap between “scheduled” vs. “actual” EMA prompts
could be attributed to app malfunctions, phone or battery
replacements, and phones being turned off for more than a
couple of days for various reasons (e.g., phones lost or sold).
When participants complained about not receiving EMA
prompts, we reinstalled the app or exchanged phones or bat-
teries or both. Most of the issues were addressed by a project
staff member who was available3 times a week at the site of
participant recruitment.

Alcohol Use

Table 2 describes the interrater agreement of 3 methods
regarding whether alcohol use occurred on a given day.
EMA and SCRAM data agreed on 73% of days. Cohen’s
interrater agreement coefficient, Kappa of 0.46, indicated
that there was 46% greater agreement than what was
expected after accounting for main effects or marginal differ-
ences. A Cohen’s Kappa between 0.4 and 0.6 is considered a
moderate level of agreement (Landish and Koch, 1977). An
odds ratio (OR) of 8.58 suggested that it was 8.58 times more
likely that EMA and SCRAM would agree that there was a
drinking day rather than disagree. Between EMA and TLFB
and between SCRAM and TLFB, there was relatively
weaker agreement, although all Kappa estimates and ORs
were statistically significant at p < 0.05.

The nature of disagreement was that 38.9% of the EMA-
reported drinking days were contradicted as nondrinking
days by the SCRAM data, while 19.8% of the SCRAM-de-
tected drinking days were self-reported as nondrinking days
via EMA. These discrepancies were higher for EMA and
TLFB, with 53.7% of the EMA-reported drinking days
being nondrinking days according to TLFB self-reports and
33.0% of the TLFB-reported drinking days as nondrinking
days as per EMA sclf-reports. Similarly, discrepancies
between SCRAM and TLFB were fairly high. Fifty-eight
percent of the SCRAM-detected drinking days were non-
drinking days based on TLFB, whereas 52.0% of the



CONCORDANCE OF EMA, SCRAM, TLFB IN ALCOHOL USE

Table 2. Agreement of Day-level Drinking by the EMA, SCRAM, and TLFB

Methods
SCRAM
Yes No Total
EMA
Yes 300 191 491
No 74 404 478
Raw agreement 0.73
Kappa (SE) 0.46 0.03 t=14.58
OR (95% Cl) 8.58 6.31,11.66
TLFB
Yes No Total
EMA
Yes 223 259 482
No 110 367 477
Raw agreement 0.62
Kappa (SE) 0.23 0.03 t=17.55
OR (95% ClI) 2.87 2.18,3.79
TLFB
Yes No Total
SCRAM
Yes 216 298 514
No 234 611 845
Raw agreement 0.61
Kappa (SE) 0.15 0.03 t=5.44
OR (95% Cl) 1.89 1.50, 2.39

All coefficients are statistically significant at p < 0.05. OR = odds ratio.
Cl = confidence interval.

drinking days based on TLFB self-reports were nondrinking
days based on the SCRAM data.

Table 3 shows day-level (Level 1) and person-level (Level
2) estimates for the EMA, SCRAM, and TLFB measures of
alcohol use and their correlations from a multilevel analysis
(N = 1,389 days for 49 participants). Whether drinking
occurred could be determined for 69.8%, 99.6%, and 98.2%
of the days, respectively, with EMA, SCRAM, and TLFB
measures. Alcohol use was detected on 49%, 38%, and 33%
of days by EMA, SCRAM, and TLFB, respectively (see
level-2 means in the bottom row block). The intraclass corre-
lations (ICCs) for EMA, SCRAM, and TLFB were 0.30,
0.24, and 0.24, respectively, which means that 30% of the
estimated variability in EMA data was due to between-per-
son variability, with the remaining variability at the day level.
For SCRAM and TLFB data, 24% of the variability was
due to between-person differences, and the remaining vari-
ability was due to day-to-day variability within persons.

At the day level (Level 1), TLFB’s associations with EMA
and SCRAM alcohol use measures were low, r = 0.11
(SE = 0.04, p < 0.05) or trivial and statistically not signifi-
cant, r = 0.05 (SE = 0.03, p = 0.10). However, at the person
level (Level 2), the associations among all 3 measures
improved, ranging from 0.48 to 0.63. All person-level (Level
2) correlations were statistically significant (p < 0.05).
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Overall, EMA and SCRAM were correlated 0.40 and 0.63,
respectively, at Level 1 and Level 2.

Alcohol Use Intensity

Table 4 shows the results from a multilevel analysis of
alcohol use intensity measures (N = 1,389 days for 49 partic-
ipants). Alcohol use intensity could be determined for
59.1%, 98.2%, and 99.6% of the days, respectively, with
EMA, SCRAM, and TLFB measures. ICCs for EMA,
SCRAM, and TLFB were 0.31, 0.31, and 0.32, respectively,
suggesting that 31% to 32% of the variability in alcohol
intensity measures was due to between-person differences,
and the remaining variability was due to day-to-day variabil-
ity. Means and variances of alcohol use intensity measures
are shown (see Level 2 data in the bottom row block). On
average, participants self-reported having 1.83 drinks and
1.61 drinks, respectively, per day, via TLFB and EMA dur-
ing the observed period.

Of all 3 measures, EMA and SCRAM were correlated
modestly (r = 0.46, SE = 0.06, p < 0.05) at Level 1. TLFB,
in contrast, had statistically insignificant, weak correlations
with EMA (r = 0.10, SE = 0.07, p = 0.13) and SCRAM
(r =0.02, SE = 0.04, p = 0.54). At Level 2, the associations
among all 3 measures improved, ranging from 0.30 to 0.78
(p < 0.05). Overall, EMA and SCRAM were correlated 0.46
and 0.78, respectively, at Level 1 and Level 2 (see also
Fig. 2).

Demographic Covariates of Alcohol Consumption

We regressed all 3 alcohol intensity measures on age, sex
(female = 1, male = 0), and race (Black =1, other = 0)
simultaneously in a complex survey structural equa-
tion model (see Fig. 3). Women tended to report less drink-
ing on the TLFB (coeff. = —0.15, SE = 0.04, p < 0.05); but
not on EMA (coeff. = —0.07, SE = 0.10, p = 0.47), holding
all other covariates and associations constant. This sex differ-
ence was not evident in the SCRAM data (coeff. = —0.01,
SE = 0.08, p = 0.95). Age or being Black was not signifi-
cantly associated with the intensity of alcohol consumption
across all 3 methods.

Sensitivity Analysis: Different 24-hour SCRAM Periods

We examined 2 other 24-hour periods for TAC data: a
midnight-to-midnight period and a 6-am-to-6-am period.
Based on the midnight-to-midnight SCRAM data, drinking
was observed in 42% of the days, compared to 38% of the
days (for both the 6-am-to-6-am and noon-to-noon periods).
This difference translates to approximately a day out of
28 days, suggesting that positive TAC readings near mid-
night may be counted twice if a calendar day is used. Overall,
the results reported in Tables 3 and 4 and Figs 2 and 3 were,
by and large, unchanged when we used different 24-hour
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Table 3. Alcohol Use (1 = Drinking, 0 = No Drinking): Robust Maximum-likelihood Estimates for Level 1 (Day) and Level 2 (Person) Data across 3

Methods
Level 1: Day-to-Day, Within Persons (N = 1,389 Days)
Corr EMA SCRAM TLFB N Mean Var
EMA 1.00 969 0 0.17*
_ (0.01)
SCRAM 0.40* 1.00 1,384 0 0.18*
(0.04) - (0.01)
TLFB 0.11* 0.05 1.00 1,364 0 0.17*
(0.04) (0.03) - (0.01)
Level 2: Between Persons (N = 49)
Corr EMA SCRAM TLFB N Mean Var Min Max ICC
EMA 1.00 49 0.49* 0.08* 0.00 1.00 0.30
- (0.04) (0.01)
SCRAM 0.63* 1.00 49 0.38* 0.06* 0.00 1.00 0.24
(0.11) - (0.04) (0.01)
TLFB 0.61* 0.48* 1.00 49 0.33* 0.05* 0.00 1.00 0.24
(0.12) (0.12) - (0.04) (0.01)

“p < 0.05. Corr = correlation, Var = variance, ICC = intraclass correlation. Means at Level 2 can be understood as proportions of drinking days. Num-
bers in parenthesis indicate standard errors. SCRAM data were based on a noon-to-noon 24-hour period.

Table 4. Alcohol Use Intensity: Robust Maximum-likelihood Estimates for Level 1 (Day) and Level 2 (Person) Data across 3 Methods

Level 1: Day-to-Day, Within Persons (N = 1,389 days)

Corr EMA SCRAM TLFB N Mean Var
EMA 1.00 821 0 4.34*
- (0.82)
SCRAM 0.46* 1.00 1,384 0 0.01*
(0.06) - (0.00)
TLFB 0.10 0.02 1.00 1,364 0 9.69*
(0.07) (0.04) - (3.04)
Level 2: Between Persons (N = 49)
Corr EMA SCRAM TLFB N Mean Var Min Max ICC
EMA 1.00 49 1.61* 1.90* 0.00 11.00 0.31
- (0.21) (0.70)
SCRAM 0.78* 1.00 49 0.04* 0.00* 0.00 0.44 0.31
(0.10) - (0.01) (0.00)
TLFB 0.54* 0.30* 1.00 49 1.83* 4.64* 0.00 24.00 0.32
(0.11) (0.09) - (0.32) (2.28)

“p < 0.05. Corr = correlation, Var = variance, ICC = intraclass correlation. Numbers in parenthesis indicate standard errors. SCRAM data were based

on a hoon-to-noon 24-hour period.

periods for SCRAM in this study (i.e., small differences in
the second decimal points).

DISCUSSION

Day-level and Person-level Concordance

We found moderate concordance between EMA and
SCRAM over 4 weeks among adults with alcohol misuse
who were experiencing homelessness. More specifically, the
concordance between EMA and SCRAM was modest at the
day level but strong at the person level. TLFB self-reports, in

contrast, showed weak and sometimes statistically insignifi-
cant concordance with EMA and SCRAM, especially at the
day level. The concordance of the 3 measures at the person
level was better than at the day level.

Similarly, for alcohol use intensity, day-level correspon-
dence between EMA and SCRAM (r = 0.46) was modest,
compared with person-level correspondence (r = 0.78). The
person-level correlation of 0.78 in alcohol use intensity
between EMA and SCRAM slightly exceeds the reported
correlation of 0.62 between TAC readings and self-reports in
a recent systematic review (van Egmond et al., 2020). In an
alcohol administration study in a highly controlled
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Fig. 2. A multilevel analysis of correspondence among 3 alcohol intensity measures: Day-to-day within-person data (Level 1; Top) and between-per-
son data (Level 2; Bottom). The magnitude of estimated correlations at 2 levels are shown in Table 4.
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Fig. 3. Demographic covariates of alcohol intensity as measured by the EMA, SCRAM, and TLFB methods (N = 49). A complex survey option with
robust maximume-likelihood estimation was used. Reported path coefficients are standardized estimates. Numbers in parenthesis indicate standard
errors. *p < 0.05.

laboratory setting, the correlation between transdermal and given that the measures of intensity were not analogous
breath assessments of alcohol across 24 subjects was 0.84 between SCRAM and self-reports via EMA or TLFB. How-
(Sakai et al., 2006). Therefore, the findings from the current ever, it is possible that EMA self-reports corresponded rela-
study conducted in a field setting are promising, particularly tively well with the TAC data because participants were
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aware of being continuously monitored by the SCRAM. In
addition, due to the study inclusion criteria, which included a
willingness to wear the SCRAM for 4 weeks, participants in
the current study might have been somewhat more conscien-
tious than other high-risk populations.

Note that the average number of drinks per day based on
TLFB self-reports was 1.83, whereas the average number of
drinks per day based on EMA reports was 1.61 in this cur-
rent study, which represents a 6.2 drink difference spread
over 28 days and a 1.4 drink difference per drinking day
between 2 self-report methods. Participants reported, on
average, 3.84 drinks and 5.23 drinks per drinking day,
respectively, via EMA and TLFB. Overall, TLFB had low
and statistically insignificant correlations with the EMA and
SCRAM measures of alcohol use intensity at the day level.

Findings from this study suggest that for studies focusing
on daily alcohol abstinence as an outcome measure, TLFB
may not be appropriate because it has a very weak conver-
gence with other measurement approaches, perhaps because
TLFB relies on fading memory, which is not surprising.
However, for studies focusing on the proportion of alcohol
abstinence over 30 days (which means aggregated data
across days within participants), TLFB self-reports may still
provide an adequate outcome measure for clinical alcohol
treatment trials. The Food and Drug Administration (FDA)
tentatively recommended that both alcohol abstinence and
moderation in alcohol use (i.e., no heavy drinking days) are
acceptable efficacy endpoints in pharmaceutical trials for
alcohol use disorder in 2015 (Food and Drug Administra-
tion, 2015). Based on this recommendation, if one’s goal is to
reduce the number of drinking days in the past month, TLFB
self-reports may provide reasonable outcome data at a low
cost.

In contrast, for trials to provide real-time monitoring and
immediate reinforcement or other interactions with partici-
pants, EMA self-reports or the SCRAM may be more
appropriate than TLFB self-reports. However, there is a
need to improve EMA assessment and analysis in future
studies. We could determine the drinking days and number
of standard drinks for 69.8% and 59.1% of the days, using
EMA self-reports in the current study, due to occasional
nonresponse. Using SCRAM and TLFB methods, we could
obtain comparable information for 99.6% and 98.2% of the
days, respectively. From a clinical trial standpoint, the find-
ings suggest that each alcohol assessment method, in its cur-
rent form, has comparative strengths and weaknesses. When
used with patient-reported outcomes such as EMA and
TLFB, available alcohol biosensors may improve clinical tri-
als’ internal and statistical conclusion validity.

Special Considerations for Using SCRAM

We reported TAC data based on the noon-to-noon 24-
hour period, as this selection is typical for studies of day-level
drinking in natural settings (Roache et al., 2019). When we
examined 2 other 24-hour periods in this current sample, 3

MUN ET AL.

different 24-hour periods did not yield meaningful differ-
ences. This may be partly because this was an adult homeless
sample who spent most of their nights at the shelter where
drinking was prohibited. However, in studies of populations
under different situations, it may be necessary to carefully
examine when to start a 24-hour period because the transder-
mal alcohol curve is delayed relative to blood or breath alco-
hol levels (Barnett et al., 2017). It has been discussed that for
drinking episodes that span across 2 calendar days (midnight
to midnight), TAC levels in the morning can reflect drinking
that occurred the day before, which presumably would be
self-reported as a drinking episode the day before on EMA
or TLFB (Barnett et al., 2017).

Furthermore, laboratory-based research has shown that
the initial, times-to-peak TAC tend to lag behind the times-
to-peak curve of blood or breath concentration considerably,
with its time lag increasing as a function of the amount of
alcohol consumed, from 83 minutes for 1 drink to 162 min-
utes for 5 drinks, and it takes longer to be eliminated (Karns-
Wright et al., 2016). Therefore, hour-by-hour correspon-
dence among measures would be challenging to report with-
out a more careful, case-by-case examination of TAC data.
The fact that TAC levels are difficult to adjust in real-time or
in large batches remains a barrier to overcome in future stud-
ies.
TAC data from the SCRAM are obtained through AMS
that uses a propriety software program. The AMS detection
of a drinking event tends to be conservative, with most low-
level drinking (1-3 standard drinks) going undetected (see
Roache et al., 2015; Roache et al., 2019). Although we used
less stringent criteria (Barnett et al., 2014) in the current
study, these relaxed criteria may still be too conservative for
detecting a drinking episode for use in clinical trials. The
poorer ability of the SCRAM to detect low-level drinking
may help explain the difference in the rate of alcohol use
between EMA (49%) and SCRAM (38%). Given the impor-
tance of objective measures of drinking in clinical trials, fur-
ther refinement in detecting and calibrating alcohol use and
alcohol use intensity and easier processing of TAC data
would be a high-value target in future research.

Compliance and Feasibility

We found the SCRAM was generally well tolerated over
4 weeks. Most of the sample (91.8%) wore the SCRAM for
28 days or more. For this sample that completed all 4 weeks,
we did not experience any SCRAM failures. This may be
because we incorporated a mid-point visit to ensure that the
phone and the SCRAM were working properly, check the
SCRAM for proper fit, and upload data from the SCRAM.
We also screened participants with health issues that could
contraindicate wearing the SCRAM and provided a sheet
with suggestions about how to decrease any potential physi-
cal and mental discomfort from wearing the SCRAM.
Finally, in order to reduce potential stigma around wearing
the SCRAM, we placed a prominent sticker on the SCRAM
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and provided people with a laminated ID card certifying
their participation in a research study.

We also found relatively good compliance with EMA sur-
vey prompts. Participants were compensated during the mid-
point visit for their EMA responses completed thus far,
which might have helped with adherence to the EMA proto-
col. In the current study, participants responded to EMA
prompts 82.6% of the time, which exceeds the pooled com-
pliance rate of 75% reported in the meta-analysis of sub-
stance use studies (Jones et al., 2019). Our rate is on par with
the estimates ranging from 84% to 93% in samples of young
adults and outpatients or 63% to 90% in college student
samples (see Piasecki, 2019 for a review). Therefore, the cur-
rent study’s EMA protocol, a “medium resolution” EMA
protocol (Piasecki, 2019), may be a reasonable balance
between participant burden and data quality.

Despite this promising data, it is important to note that
there was considerable equipment loss during the study (Fig-
ure 1). A total of 23 study phones and 8 SCRAMs were lost
or irreparably damaged during the study period. Our initial
protocol was to replace the phone 1 time if a participant
reported it lost or stolen; we later revised the protocol so that
we would replace the phone 1 time only if a participant had
completed at least 50% EMA prompts for at least 1 week
prior to the phone loss. Because of the high cost, we did not
replace any SCRAMs. As depicted in the flowchart (Fig. 1),
19 participants did not complete the 4-week follow-up fol-
lowing equipment loss, and 10 additional participants did
not attend the follow-up visit. Because of the residential and
financial circumstances faced by people experiencing home-
lessness, this level of attrition was expected to a certain
extent.

Furthermore, some participants complained about the size
and physical discomfort of wearing the SCRAM, which has
been discussed in previous studies (Alessi et al., 2017; Caluzzi
et al., 2019). When the 29 participants who did not complete
the study were compared with those who did complete the
study, 2 statistically significant differences were found
(Table 1). These differences may be chance findings due to
multiple statistical null hypothesis tests. However, data in
Table 1 cautiously suggest that people who completed the 4-
week follow-up tended to function better than those who
dropped out. Therefore, although the reported findings do
not appear to be biased by those who experienced equipment
loss or had early exits, it may be desirable to accommodate
potential dropout mechanisms when developing a data
model for inference on outcomes.

Covariates of Alcohol Use Measures

We examined whether alcohol use intensity differed across
demographic groups and assessment measures. There have
been reports that the SCRAM may be less able to detect
drinking in women (e.g., Marques and McKnight, 2009,
approximately at the same 0.08 g/dl blood alcohol concen-
tration), although this finding has not been replicated with
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newer SCRAM device versions. Indeed, Barnett and col-
leagues (2014) reported that at the level of 4 drinks or less,
women’s drinking episodes were more likely to be detected
and peak TAC was higher (with older versions of the
SCRAM: SCRAMII and SCRAMX), compared with men.
Though we did not make this comparison using the same
drinking categories as Barnett et al., we did not find any evi-
dence of higher levels of peak TAC among women. Because
we did not control alcohol dose and blood alcohol concen-
tration levels, our observation should be cautiously inter-
preted. The relationship between peak TAC and breath
alcohol concentration levels may differ for men and women
(Hill-Kapturczak et al., 2015; Karns-Wright et al., 2016),
which needs to be further studied.

We discovered that women reported relatively lower levels
of drinking on the TLFB, whereas there was no sex differ-
ence in the SCRAM or EMA alcohol use intensity. This find-
ing may be related to “social desirability,” where participants
tend to describe their behavior in more positive terms. Given
that the TLFB was the only method that required face-to-
face interactions with a male research staff member, partici-
pant bias might have played a role. In addition, consistent
with prior studies (e.g., Kaplan and Koffarnus, 2019), partic-
ipants overall reported the lowest levels of drinking based on
the TLFB method (33% vs. 49% and 38% for EMA and
TAC, respectively). Finally, all participants in the current
study were receiving health services at the homeless shelter,
including alcohol and substance use treatment services,
which might have contributed to reductions in the percentage
of drinking days and number of drinks during the study,
compared to their baseline data.

Limitations and Future Directions

The current study has a number of limitations. First,
because of our focus on comparing 3 alcohol assessment
approaches with a common sampling interval, we aggregated
within-day EMA self-reports and the SCRAM TAC read-
ings. A more fine-grained analysis focusing on truly “event-
level” drinking data may shed light on the relative advan-
tages of EMA self-report vs. TAC data. On a related point,
for interrater agreement analysis, we ignored data clustering
within persons in part because sparse cells would result if
participants are used as strata and also because some individ-
uals did not have any variability in data (e.g., no drinking).
With more data at each data level, interrater agreement may
be better investigated in future studies.

Second, in the EMA protocol, the number of drinks (i.e.,
intensity in the current study) was asked via a dropdown
response option, which visibly displayed 0 through 10. Par-
ticipants had to touch the phone screen and scroll to the final
value (i.e., 11 or more). Therefore, we coded 11 drinks or
more as 11, which created truncated data. Without this data
truncation, the full range of drinks would have been slightly
larger. There were 9 observations with a score of 11 (1.1% of
valid observations) in the current study.
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Third, we limited the sample to people who completed the
TLFB at the 4-week follow-up visit; attrition of those who
started the study was 37%. This might have resulted in selec-
tion bias, yielding a sample that was overrepresented by con-
scientious individuals. Moreover, those who completed the
4-week follow-up tended to function better than those who
dropped out.

Fourth, this was a single-site study with a predominantly
male sample (82%). A larger or more balanced sample may
help to explore the role of sex in SCRAM-detected drinking
and possible biased reporting on the TLFB. On a related
point, we did not assess participants’ tendency to provide a
socially acceptable response. Given that we had an objective
measure of drinking via SCRAM, any response bias might
have been curtailed. However, it is challenging to estimate
the extent to which the participant’s awareness of being mon-
itored influenced their response. A social desirability measure
might have explained the sex difference in TLFB reports.

Finally, participants’ EMA response rates could be
improved by having research staff onsite for more days and
by allocating more time during equipment visit. Unfamiliar-
ity with the smartphone app, especially initially, may have
contributed to some missing EMA responses. Upon complet-
ing the study, most (78%) of the current study participants
indicated that a smartphone app could help change their
behavior, a positive change compared with their baseline
attitude (59%).

Accurately assessing alcohol use via objective biosensors
remains an important goal, especially for randomized clinical
trials for alcohol misuse. Although self-reported outcomes
will likely continue to be an important part of patient-ori-
ented clinical outcomes research, it can be problematic when
there are no objective outcome measures to interpret these
self-reports (see Mun et al., 2015 for an example). Existing
biosensors, although highly promising, have room to
improve in terms of cost, functionality, and durability for
use in clinical trials. Therefore, the current finding that EMA
self-reports of alcohol use among adults experiencing home-
lessness showed good concordance with TAC levels from the
SCRAM, especially at the person level, is encouraging not
only because EMA data are accurate and valid but also
because EMA can be used to gather ancillary data, such as a
person’s mood, cognition, or location that might help to
detect factors that place them at risk for drinking. With the
identification of “in the moment” risk factors, tailored inter-
vention messages can be provided based on the person’s
unique risk factors and drinking goal for each day (Businelle
etal., 2016; Walters et al., 2021).

CONCLUSIONS

EMA self-report of alcohol use among adults experiencing
homelessness is feasible, accurate, and promising in connec-
tion with “just-in-time” intervention development and deliv-
ery. EMA is straightforward to administer, provides
participant privacy, which could help address stigma, and
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can potentially be enriched with other passive data for better
detection and treatment of alcohol use, an important break-
through for underserved, highly marginalized populations.
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