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Abstract 

Background:  For people living with HIV/AIDS (PLWHA), alcohol consumption is associated with poor treatment 
outcomes and medication adherence. This pilot study examined the feasibility of using smartphones and mobile 
Bluetooth breathalyzers for monitoring alcohol consumption among PLWHA (N = 17).

Methods:  For 2 weeks, participants responded to twice-daily text message prompts by completing a breathalyzer 
reading and a mobile survey about their alcohol use. They also completed baseline questionnaires assessing alcohol 
consumption and hazardous drinking behaviors.

Results:  Participants completed an average of 22 of 28 breathalyzer readings and 17 of 28 mobile surveys, and 
were more likely to complete daytime (vs. evening) monitoring tasks. Results suggested that self-reported frequency 
of binge drinking at baseline was related to an increased number of days with alcohol consumption according to 
breathalyzer and mobile surveys, as well as a higher average blood alcohol content. Qualitative interviews found gen-
erally positive attitudes toward the technologies, but some participants reported experiencing technical difficulties.

Conclusions:  Overall, this preliminary research suggests that smartphone monitoring of alcohol consumption 
among PLWHA may reflect cross-sectional self-reported alcohol consumption behaviors, but could use improvements 
to increase adherence to monitoring tasks.
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Background
People living with HIV/AIDS (PLWHA) are almost twice 
as likely to use alcohol as those in the general population 
[1], and as many as half of PLWHA have a history of alco-
hol-related problems [2]. Alcohol can have severe nega-
tive effects on PLWHA by way of several mechanisms, 
but it has an especially negative impact on antiretrovi-
ral therapy (ART) adherence. On days when individuals 
have one or more drinks of alcohol, they are almost nine 
times more likely to be non-adherent to their medication 
regimen [3]. One study found that alcohol consumption 

was the strongest predictor of ART adherence, having 
larger effects than depression, social support, heroin 
use, cocaine use, dosage amount, age, gender, or race/
ethnicity [4]. It is clear that alcohol consumption must 
be addressed to increase ART adherence and survival 
among PLWHA.

The strong link between alcohol consumption and 
treatment use and outcomes has led to interventions 
to reduce alcohol use among PLWHA, using meth-
ods including motivational interviewing and cognitive 
behavioral therapy. These interventions have had mixed 
results, with some leading to increases in medication use 
[5] and decreases in alcohol consumption [6], while oth-
ers have not had any significant effects [7]. A recent study 
by Satre et al. [8] found that a motivational interviewing 
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intervention for PLWHA compared to treatment as usual 
did not have any overall effects on alcohol consumption, 
but did have a significant effect among those who had 
low motivation to reduce their alcohol use. Importantly, a 
meta-analysis of alcohol interventions for PLWHA found 
that behavioral interventions have been successful over-
all at reducing quantity of alcohol consumed and heavy 
drinking, with effect sizes ranging from d = 0.11 to 0.24 
[9]. This study also found that 91% of these interven-
tions were conducted in-person [9]. This finding, coupled 
with research suggesting that even brief interventions are 
more effective if delivered over multiple sessions [10], 
suggests that current models of alcohol reduction inter-
ventions may not be accessible to individuals who cannot 
easily attend in-person appointments. This is concerning, 
given that over 40% of HIV case managers report that a 
lack of transportation is a “major problem” for their cli-
ents [11]. Researchers have suggested that technology 
may be a useful tool for further increasing access to these 
interventions, particularly among those living in rural 
areas who cannot easily access treatment facilities [7].

Hasin et  al. [12] tested a brief intervention among 
PLWHA using motivational interviewing combined 
with daily self-monitoring of alcohol consumption using 
telephone-based interactive voice response. The addi-
tion of phone-based monitoring led to decreases in 
consumption among problem drinkers as compared to 
control and motivational interviewing-only conditions. 
Follow-up research tested a smartphone version of the 
daily self-monitoring and found that the app had higher 
participation and retention rates than the interactive 
voice response version, and when tested in a randomized 
controlled trial it led to a significant decrease in drinking 
days compared to motivational interviewing-only [13].

Other researchers have started to utilize this smart-
phone-based approach, using these devices to conduct 
ecological momentary assessment (EMA) of alcohol use 
for PLWHA. EMA provides a framework of frequent data 
collection, serving as an essential tool for documenting 
within-person changes. It also reduces the risk of inac-
curate recall found in other forms of self-report and 
acknowledges the dynamic nature of drinking habits [14]. 
Moore et al. [15] found that smartphones proved to be a 
feasible and an acceptable EMA method among an older 
HIV+ adult group. Within this study, 60% of participants 
reported that the smartphone did not interfere with their 
daily activities, while the EMA adherence percentage 
per person was 86.4%. Similarly, Paolillo et al. [16] found 
high EMA adherence rates (89.5%) and agreement that 
the questions did not interfere with daily life. Another 
study assessing the feasibility and acceptability of smart-
phone apps for daily reporting of substance use and ART 
adherence found that there were high completion rates 

and participant acceptability in addition to a high satis-
faction outcome with using these smartphone apps as a 
tracking method [17]. These studies suggest that these 
smartphone apps can be feasible for data collection, and 
research also suggests that they may be valid measures 
of substance use. Studies using traditional recall-based 
methods of self-report and laboratory measurements of 
alcohol use have found correlations between these out-
come measures and EMA data [16, 18].

The tracking and reducing alcohol consumption 
(TRAC) pilot study built on this research by utilizing 
smartphones and EMA paired with mobile Bluetooth 
breathalyzers measuring blood alcohol content (BAC) 
to monitor alcohol consumption among PLWHA for 
a 2-week period. This approach sought to examine the 
feasibility of gathering behavioral data on a twice-daily 
basis with this population. To date, EMA approaches 
have rarely been combined with BAC assessment, which 
has potential to improve the quality of alcohol consump-
tion data. Morgenstern et al. [14], in a review of alcohol-
based EMA, suggested that combining EMA self-report 
data with biological sensor-based data such as that col-
lected from breathalyzers holds “promise to significantly 
improve investigators’ ability to accurately assess alco-
hol consumption, understand the determinants of risky 
drinking, and trigger real-time interventions” (p. 102). 
Thus, in this feasibility study, we tested the feasibility and 
preliminary validity of this form of EMA by examining 
the following research questions (RQs):

RQ1: How adherent are PLWHA to twice-daily mon-
itoring of alcohol consumption?
RQ2: Is there a relationship between adherence to 
twice-daily monitoring and baseline self-reported 
alcohol consumption behaviors?
RQ3: What is the frequency of alcohol consumption 
among PLWHA according to twice-daily monitor-
ing?
RQ4: What is the relationship between baseline 
self-reported alcohol consumption and alcohol con-
sumption as measured by twice-daily monitoring?
RQ5: What qualitative feedback did the participants 
provide regarding the technology used in the TRAC 
pilot study?

We opted to do twice-daily monitoring at two random 
time points based on a review of the previous literature. A 
previous study required participants to complete phone 
based alcohol self-monitoring at four random points each 
day and reported 97% compliance [19]. Another study 
asked individuals with sexually transmitted infections to 
complete surveys on cell phones three times daily over 
12 weeks and found that not only did 88% complete the 
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entire 12-week study, but that these individuals com-
pleted 90% of the requested surveys [20]. Because of the 
added burden of completing a breathalyzer reading in 
addition to a mobile survey, we aimed for two monitor-
ing tasks/day in order to optimize compliance. Given 
that morning or daytime drinking is an indicator of alco-
hol abuse or dependence according to several validated 
scales [21, 22], we included a daytime monitoring task 
when possible to potentially capture these behaviors.

Methods
Study overview
During 2017 to 2018, the TRAC study asked participants 
to monitor their alcohol consumption over a 2-week 
period using mobile phone technologies. Each par-
ticipant was provided with a smartphone and a mobile 
Bluetooth-enabled breathalyzer, a BACTrack Mobile Pro. 
The smartphone was pre-loaded with the BACTrack app 
and also contained a shortcut to a mobile survey assess-
ing alcohol use. For this 2-week period, participants were 
texted at two random times each day (in the daytime, 
typically before 5 p.m., and in the evening) and asked to 
complete a breathalyzer reading and mobile survey. The 
BACTrack app guided participants through the process 
of completing a breathalyzer reading on their Bluetooth-
enabled device and allowed them to send the reading 
directly to the researchers. Participants also completed 
a short baseline questionnaire regarding their health 
behaviors and a qualitative exit interview regarding their 
experiences with the study.

Participants
Participants in the study consisted of PLWHA in a non-
metropolitan setting in the Southern region of the United 
States. Eligible and enrolled participants (N = 20) were 
all currently on medication for HIV/AIDS, over 21 years 
old, and had at least one alcoholic drink per week. Par-
ticipants were recruited through flyers about the study 
that were posted at local clinics and were also referred to 
the study by clinic case managers. Because recruiting was 
done using these passive methods in combination with 
referrals, the recruitment success rate cannot be calcu-
lated. Two participants were completely non-adherent to 
the monitoring tasks, and one participant’s data were lost 
during the data collection process, so this manuscript 
reports primarily on the 17 participants who completed 
at least one monitoring task. Participants’ ages ranged 
from 26 to 60, with a mean of 47.5 years. Sixty-five per-
cent of participants were male and 35% identified as 
female. See Table 1 for full demographic details and base-
line characteristics.

Procedures
After eligibility screening, participants were enrolled 
in the study and scheduled for a baseline appointment. 
Upon arrival, informed consent was obtained from all 
individual participants included in the study. Partici-
pants first completed a survey about their current alco-
hol use, medication adherence, and demographics. They 
were then shown how to use the smartphone, BACTrack 
breathalyzer, BACTrack app, and mobile survey. After 
the tutorial concluded and participants practiced using 
the technologies, they were given the equipment and 
instructions for completing the monitoring tasks. During 
the next 2 weeks, participants were prompted twice daily 
by text message (for a total of 28 prompts) to complete a 
breathalyzer reading, share the reading with the research-
ers, and complete a mobile questionnaire about their 
alcohol use. The participants used the BACTrack app to 
forward the readings automatically to the research coor-
dinator. After participants hit a “Share” button within the 
app, the app generated a text message with the BAC level 
along with a link for viewing the result.

A research assistant randomly chose times for the par-
ticipants to receive prompts that were delivered using 
online text messaging software, with the earliest of the 
daytime texts being sent at 6 a.m. and the latest sent at 
midnight based on the participants’ predetermined “do 
not disturb” hours. These hours were times when they 
would be unable or unwilling to complete a reading, such 
as if they were going to be at work or school. It should be 
noted that while we call the first monitoring task of the 
day the “daytime” task, there were two participants who 
indicated that they could not complete any monitoring 
tasks during the daytime (i.e., before 5 p.m.), typically due 
to work requirements. These individuals did receive two 
prompts, but they were both after the 5 p.m. hour, with 
one individual who worked a night shift typically getting 
their first reminder around 10 or 11 p.m. and their sec-
ond around 5 or 6 a.m. Participants did not receive text 
message prompts at the same time 2 days in a row.

The surveys required a mobile data connection, so 
participants were given study phones to use in order 
to ensure a consistent data connection. Following the 
monitoring period, participants were asked to come 
in for a final appointment, where they returned their 
equipment, completed the same survey that they filled 
out at baseline, and were interviewed about their per-
ceptions of the study. The participation incentives for 
the study varied, and the most that participants could 
receive was $130. The participants were paid at the first 
interview, last interview, and for completing the daily 
monitoring. Specifically, for each day that participants 
completed both daytime and evening monitoring tasks 
(sending in both a breathalyzer reading and mobile 
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questionnaire each time), they received $5. All proce-
dures were approved by the University’s Institutional 
Review Board. While we assessed multiple variables of 

interest through the various forms of data collection, 
this manuscript focuses specifically on the alcohol con-
sumption data collected via the baseline survey and the 
mobile monitoring tasks, as well as the qualitative exit 
interview.

Quantitative measures
Adherence to monitoring was calculated by adding up 
the total number of breathalyzer readings reported to the 
researchers and mobile surveys completed. The mobile 
surveys contained up to 11 questions, with participants 
completing fewer if they had not consumed alcohol that 
day. If they reported drinking (yes/no), they were asked 
how many drinks they had consumed, how long it had 
been since their last drink (in minutes), and if they were 
planning to drink other alcohol that day (yes/no).

As an indicator of daily alcohol consumption through-
out the monitoring period, we examined how often par-
ticipants reported having consumed alcohol (yes/no) in 
their surveys and added up the total instances in which 
breathalyzer readings were higher than 0.000. We then 
divided these numbers by the total number of breatha-
lyzer readings/surveys returned per participant in order 
to obtain an estimated percentage of drinking instances 
during the monitoring period. We also calculated these 
numbers separately for daytime and evening monitoring 
tasks.

Problematic alcohol consumption was measured at 
baseline using the alcohol use disorders identification test 
(AUDIT) [21], a 10-item scale aimed to identify patterns 
of hazardous or harmful drinking. Items include “How 
often do you have a drink containing alcohol?”, “How 
often do you have six or more drinks on one occasion?”, 
and “How many drinks containing alcohol do you have 
on a typical day when you are drinking?”, among others. 
Responses were assigned values ranging from 0 to 4, and 
the total values were summed. Participants were also 
asked to report how many days they drank in the past 
month and how many days they had five or more drinks 
of alcohol.

Qualitative measures
Participant feedback regarding the study was solicited 
using a semi-structured interview protocol that focused 
on their entry into the study, their opinions toward using 
the BACTrack breathalyzer, the iPhone, and the BAC-
Track app; their initial reactions to the study; and their 
perceived usefulness of the technology and alcohol con-
sumption tracking. These interviews were done face-to-
face, audio recorded, and transcribed. The first section 
focused on the participants’ feelings about the study 
enrollment process and items included questions such 
as, “How were you recruited for this study?” The second 

Table 1  Participant demographics and  baseline 
characteristics (N = 20)

Average age 47.35 (± 9.56)

 Sexual orientation

 Gay/homosexual 8 (40%)

 Bisexual 1 (5%)

 Straight/heterosexual 9 (45%)

 Other 2 (10%)

Gender

 Male 13 (65%)

 Female 7 (35%)

Race

 Black/African American 14 (70%)

 American Indian or Alaskan Native 2 (10%)

 White 6 (30%)

Highest level of education attained

 Some high school 6 (30%)

 High school degree 1 (5%)

 Some college 10 (50%)

 College degree 2 (10%)

 Graduate degree 1 (5%)

Income

 $0–10,000 11 (55%)

 $11–20,000 5 (25%)

 $21–30,000 3 (15%)

 $31–40,000 1 (5%)

Employment status

 Working 4 (20%)

 Disability 11 (55%)

 Unemployed 5 (25%)

Current relationship status

 Not having sex, no partner/significant other 9 (45%)

 Having sex, but with more than one partner 2 (10%)

 Having sex with just one partner, but for less 
than 6 months

1 (5%)

 Having sex with just one partner for 6 months 
or longer

8 (40%)

Average time since diagnosis 13.82 years (± 9.28)

Medication adherence

 What percent of medication taken in the past 
month

85.83 (±24.69)

 Average missed doses in the past week 0.47 (± 1.81)

Alcohol use

 AUDIT score 11.12 (± 8.31)

 Average days participant consumed alcohol in 
past month

10.32 (± 8.54)

 Average days participant had five or more 
drinks in past month

3.95 (± 7.48)
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section focused on the participant’s initial feelings prior 
to starting the study and items included questions such 
as, “Why did you decide to participate in the study?” and 
“Tell me about your initial reaction to the TRAC study 
and the monitoring you were asked to do.” The next sec-
tion was focused on the participant’s experience with 
the technology and these items included questions such 
as “How was your overall experience using the smart-
phone?” and “Was there anything challenging with using 
the technology?” The following section was focused spe-
cifically on the breathalyzer, including questions such as 
“How comfortable did you feel using the breathalyzer 
technology” and “Was the breathalyzer easy or difficult to 
use?” The final section focused on the participant’s overall 
reflection on their involvement in the study and the items 
included questions such as, “What suggestions do you 
have for improving the TRAC Study,” and “Do you think 
the use of smartphones is a good way to monitor alcohol 
consumption?,” and “Do you think it was worthwhile to 
participate in TRAC?” Due to the semi-structured for-
mat, all participants may not have received exactly the 
same questions, but the same topics were touched on by 
the interviewers with all participants. Because we wanted 
to capture the experiences of all participants enrolled in 
the study, the sample size for the interviews was N = 20 
(including the two non-adherent participants and the 
participant whose monitoring data were lost).

Analysis
To examine RQ1, which concerned adherence to moni-
toring tasks, we calculated percentages of breathalyzer 
readings and mobile surveys completed out of 28 possi-
ble. To determine if there were differences in the num-
bers of breathalyzer and mobile surveys completed for 
the daytime vs. the evening monitoring tasks, we con-
ducted paired samples t-tests. RQ2 was explored by 
calculating correlations between baseline measures of 
alcohol use (AUDIT score, drinking in the past month, 
binge drinking in the past month) and number of miss-
ing breathalyzer readings and mobile surveys. We exam-
ined RQ3 by calculating the frequency of occurrences 
in which participants had positive breathalyzer readings 
(i.e., above 0.000) and reported consuming alcohol in 
the survey, as well as by examining average BAC scores 
and number of drinks reported in the surveys. We also 
examined differences between breathalyzer and mobile 
survey reports of alcohol consumption by counting the 
instances in which the breathalyzer reading and mobile 
survey response matched in terms of whether or not they 
indicated alcohol consumption.

To examine RQ3, we conducted one-tailed correla-
tion analyses between baseline levels of alcohol con-
sumption and the following data points generated by 

the twice-daily monitoring: the average BAC reported 
for each participant across their multiple breathalyzer 
readings, the percentage of days the participants drank 
calculated based on days in which there were available 
breathalyzer readings, and percentage of days the par-
ticipants drank calculated based on days in which there 
were available mobile surveys. One-tailed analyses were 
conducted because there was a clear, expected direction 
of the relationships observed, such that higher alcohol 
consumption at baseline would be associated with higher 
alcohol consumption during the monitoring period.

Quantitative coding procedures were used to exam-
ine RQ4. A research team consisting of the PI and four 
research assistants reviewed the transcripts and devel-
oped a coding scheme based on the responses generated, 
using a grounded approach [23]. This coding scheme was 
developed according to each question in the interview 
protocol, with unique codes developed for responses to 
each question. Because not all participants were asked 
exactly the same questions, in some cases the sample 
size for the coding was less than N = 20. Each transcript 
was coded to agreement by two members of the research 
team, with percent agreement rates ranging from 80 to 
100%. If discrepancies remained after adequate percent 
agreement was obtained, the research team discussed 
the responses until a consensus was reached regarding 
the appropriate code. Frequencies for each code were 
then generated and representative quotations were pulled 
from transcripts to provide examples of themes.

Results
Daily monitoring results (RQ1)
Most of the results that follow are based on 17 partici-
pants who participated in the twice-daily monitoring; 
however, there were 20 total participants enrolled in the 
study that completed baseline and post-test surveys. Two 
of these participants were entirely non-adherent and did 
not complete any of the breathalyzer readings or mobile 
surveys, and one participant’s data was lost during the 
research process. The two non-adherent participants 
were followed up with in their final interview. When 
these participants were asked about their feelings toward 
the cell phone and breathalyzer during the final interview 
some of the responses included, “it was simple when we 
did it in here, it was fine. But then not being able to use 
the smart phone out there…I got aggravated,” and “Well 
I’m not used to using smart phones and I didn’t know 
nothing about the breathalyzer.”

Table 2 contains descriptive statistics for adherence to 
monitoring among the 17 participants who completed 
at least one survey or breathalyzer reading. Overall, par-
ticipants completed more breathalyzer readings (80% 
of all possible) than mobile surveys (62%). On average, 
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participants completed at least one breathalyzer reading 
on 89% of the days and at least one survey on 77% of the 
days. Three participants completed 100% of the breatha-
lyzer readings and two participants completed 100% of 
the mobile surveys. They completed significantly more 
daytime breathalyzer readings than evening breathalyzer 
readings (t (16) = 2.89, p < 0.05, d = 0.70), as well as more 
daytime mobile surveys than evening mobile surveys (t 
(16) = 4.06, p = 0.001, d = 0.98). Nine participants com-
pleted both breathalyzer readings on the final day of the 
monitoring period (n = 16 completed at least one), and 
nine participants completed both surveys on the final day 
(n = 13 completed at least one).

If taking into account the two participants who did not 
complete any monitoring tasks, the participants com-
pleted an average of 71% of readings and 56% of surveys. 
The average percentage of days with at least one breatha-
lyzer reading was 80% and days with at least one survey 
was 68%.

Correlation between adherence and baseline alcohol 
consumption (RQ2)
Correlation analyses were conducted to examine if adher-
ence to the mobile monitoring was associated with higher 
levels of alcohol consumption at baseline. There were no 
significant correlations between number of breathalyzer 
readings and mobile surveys completed and baseline 
measures of binge drinking, days the participants drank 
alcohol, or AUDIT scores.

Daily reports of alcohol consumption (RQ3)
Table  2 contains statistics regarding the alcohol con-
sumption reported by participants through the twice-
daily monitoring. While the overall number of times in 
which participants reported drinking alcohol was low, 
after adjusting for the total number of monitoring tasks 
completed, over 20% of the reports indicated that par-
ticipants had been drinking. Participants had higher fre-
quencies of positive breathalyzer readings and surveys 
indicating drinking for the evening tasks compared to 
the daytime tasks. Overall, the mobile surveys yielded 
higher rates of reported alcohol consumption than the 
breathalyzer readings. If considering alcohol consump-
tion on a day-by-day basis, participants drank on 23% of 
the monitoring days according to breathalyzer readings 
and on 34% of monitoring days according to mobile sur-
veys, adjusted for the number of reports submitted. The 
average BAC level for participants ranged from 0 to 0.09, 
while the average number of drinks reported by partici-
pants ranged from 0 to 6.75.

Out of the 278 times that all the participants com-
pleted both a breathalyzer and a mobile survey reading, 

in 90% of cases (n = 249) both the breathalyzer reading 
and the mobile survey matched in terms of whether they 
reflected alcohol consumption. Among the cases that 
did not match, 72% were times when the participants 
reported consuming alcohol in the survey but did not 
have a positive breathalyzer reading. In these instances, 
the time reported since the last drink ranged from 10 min 
to 15 h, with the average being 4 h and 28 min. The aver-
age number of drinks consumed according to the surveys 
ranged from 1 to 3, with the average being 1.26 drinks.

Relationship between baseline self‑reported behaviors 
and behaviors captured via monitoring (RQ4)
Correlation analyses were conducted to examine how 
baseline alcohol consumption behaviors were related to 
the behaviors observed during the monitoring period 
(see full results in Table  3). A significant relationship 
was observed between participants’ AUDIT scores and 
their average BAC level across the monitoring period, 

Table 2  Monitoring adherence and results (n = 17)

a  Percentage is calculated based on number of readings/surveys submitted

% or M(SD)

Breathalyzer readings

 Number of breathalyzer readings (out of 28) 22.29 (5.65)

 Days with at least one breathalyzer reading (out of 14) 12.47 (2.12)

 Number of daytime breathalyzer readings (out of 14) 12.06 (2.14)

 Number of evening breathalyzer readings (out of 14) 10.24 (3.85)

 Average BAC level 0.02 (0.03)

Mobile surveys

 Number of mobile surveys (out of 28) 17.41 (8.52)

 Days with at least one mobile survey (out of 14) 10.71 (4.21)

 Number of daytime mobile surveys (out of 14) 10.29 (4.21)

 Number of evening mobile surveys (out of 14) 7.12 (4.87)

 Average number of drinks reported/survey 2.62 (2.09)

Alcohol use

 Average percent of total breathalyzer readings indicating 
alcohol consumptiona

20%

 Average percent of daytime breathalyzer readings indi-
cating alcohol consumptiona

19%

 Average percent of evening breathalyzer readings indi-
cating alcohol consumptiona

22%

 Average percent of total surveys indicating alcohol 
consumptiona

25%

 Average percent of daytime surveys indicating alcohol 
consumptiona

20%

 Average percent of evening surveys indicating alcohol 
consumptiona

40%

 Average percent of days with at least one breathalyzer 
reading indicating alcohol consumptiona

23%

 Average percent of days with at least one survey indicat-
ing alcohol consumptiona

34%

 Average percent of time that breathalyzer and survey 
matched in terms of detecting alcohol consumption

90%
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r = 0.52, p < 0.05. There were also significant relation-
ships observed between the frequency of binge drink-
ing at baseline and the following variables: percentage of 
days participants drank based on breathalyzers (r = 0.55, 
p < 0.05), percentage of days participants drank based on 
mobile surveys (r = 0.63, p < 0.05), and average BAC level 
(r = 0.61, p < 0.01). There were no significant relationships 
observed between the number of days participants drank 
in the past month and any of the alcohol-related moni-
toring variables.

Qualitative feedback on TRAC pilot study (RQ4)
Overall opinions on monitoring
Participants were asked if they believed the monitoring 
seemed useful overall. A strong majority of the partici-
pants (16/20, 80%) responded that they generally believed 
the monitoring was useful or were more specific, stating 
that it was useful because it made them want to drink 
less or at least think about their drinking. For example, 
one participant stated: “I thought it was interesting. You 
know, it makes me think about what I’m drinking, how 
much I’m drinking, you know that kind of thing. It makes 
you think. Eventually I am going to try to stop drinking.”

This was echoed in the responses to the question 
regarding their overall experience in tracking their alco-
hol consumption. Five participants (25%) reported that 
it made them more aware of their drinking behavior or 
change their drinking behaviors, such as the participant 
who stated, “It actually made me slow down because 
I didn’t want to send in [a high reading].” Two partici-
pants (10%) stated that completing the alcohol tracking 
was easy to do, while another two participants stated that 
they would have changed something about the way the 
monitoring was done. One participant, for example, sug-
gested that we included follow-up prompts if a high read-
ing was obtained: “Say if you get a higher reading maybe 
there would be more questions to figure out if there was a 
reason why it was higher.”

We also asked if they thought smartphones could be a 
good tool in helping to reduce alcohol consumption. One 
person stated that they did not think so, and three partic-
ipants (15%) said they could be a good tool but only with 
improvements to the technology or more user training. 
One of these individuals stated “A little more practice and 
a little bit more confidence in using it…I think it would 
work out better for me.” Three participants (15%) noted 
that mobile monitoring could help to increase aware-
ness of drinking or sobriety level—such as the individual 
who said “Yeah, because I don’t think you really realize 
how much you are drinking, you know?” Four individu-
als (20%) specifically stated that they could be helpful 
tools to help individuals in specific high-risk situations, 
such as those looking to avoid drinking and driving, indi-
viduals who are alcohol dependent, or those who are on 
probation. For example, one participant said “They need 
to give to people that get DUIs, you know, they need to 
be blowing before they get in the car. That would save a 
lot of lives, I do believe.” An additional six participants 
(30%) agreed that smartphones could be good tools for 
reducing alcohol consumption, either in general terms 
or for other reasons not mentioned in the other codes. 
Thus, overall, the participants had very positive opin-
ions toward the usefulness of smartphone-based alcohol 
monitoring.

Overall opinions on technology used
The same positive features of the study were identified 
when participants were asked about their specific expe-
riences while using the technology during the study. 
Four participants (20%) stated that the technology was 
either easy to use or was easy once they got used to it. 
For example, one participant said: “Once I got used to 
the iPhone, it was very easy. Now the breathalyzer, that 
was no problem, all you gotta do is just turn it on and 
blow. That’s simple.” Six participants (30%) described the 
various forms of technology as simply cool, interesting, 
fun, and/or effective, such as the individual who said “I 

Table 3  Correlations between baseline and monitoring-based alcohol consumption behaviors

***Correlation is significant at the 0.001 level (1-tailed)

**Correlation is significant at the 0.01 level (1-tailed)

*Correlation is significant at the 0.05 level (2-tailed)

1 2 3 4 5 6

1 AUDIT (BL) –

2 Binge drinking frequency (BL) 0.75** –

3 Alcohol consumption frequency (BL) 0.79** 0.52* –

4 Percentage of drinking days (breathalyzer) 0.35 0.55* 0.15 –

5 Percentage of drinking days (survey) 0.43 0.63* 0.21 0.92*** –

6 Average BAC (breathalyzer) 0.52* 0.61** 0.26 0.95*** 0.86*** –
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thought it was cool, it was interesting.” Three individu-
als (15%) did mention having some technical difficulties, 
such as not being used to smartphones or connecting to 
service.

We also asked participants in a separate question if 
there was anything challenging associated with using the 
technology. Seven participants (35%) reported that there 
was nothing challenging related to using the technology, 
while one individual stated “It was challenging. But once 
I got the hang of it, it was ok”—suggesting that there was 
a bit of a learning curve associated with using the iPhone 
and breathalyzer. Six participants reported on specific 
challenges (30%), including difficulties with unlocking the 
phone (the phones were locked with a numeric passcode 
to protect privacy), turning on the breathalyzer, or cell 
phone service issues. One participant noted, “One time 
it wouldn’t come on and I think I was just exhausted and 
I realized I needed to charge it up. And I was like what is 
going on! And I realized I needed to charge it. But that 
wasn’t a huge problem.”

Finally, we asked if participants liked or disliked using 
technology to monitor their behaviors and why. No par-
ticipants stated that they disliked using technology for 
this purpose. Thirteen participants (65%) stated that they 
generally liked or enjoyed the technology, saying things 
like “I liked it. I wish I could keep it.” Four individuals 
(20%) stated that they thought the technology was edu-
cational, informative, or could be useful for a wider audi-
ence. One individual stated “I’ve even thought that it 
eventually probably needs to be mobilized so that it’s a 
requirement for everybody” while another said “I like it 
because it gives you the reading right then on what you 
need to know.”

Feedback on text message reminders
In terms of feedback on the frequency of texts received 
over the course of the study, many participants (9/20, 
45%) reported that being texted twice a day was fine 
and was not overburdensome. In fact, three participants 
stated that we could have texted more, with one partici-
pant stating that they sometimes missed the prompts. 
Two participants (10%) stated that they still sometimes 
forgot to complete their monitoring tasks even with the 
prompt, so they could have used a follow-up reminder. 
Overall, these findings indicate that the frequency of 
receiving two text messages a day was generally accept-
able in this sample.

Feedback on the breathalyzer
We also asked participants to comment specifically 
on the BACTrack breathalyzer used in the study, ask-
ing about their overall experience and if they believed it 
was easy or difficult to use. The majority of participants 

(11/20, 55%) stated that the breathalyzer was easy to use. 
One participant said, “It wasn’t [difficult]. The device it 
walks you right through it.” Several participants (8/20, 
40%) did report having occasional difficulties, however. 
These included difficulties with breathing long enough 
to get a reading, losing the plastic mouthpiece that con-
nects to the breathalyzer (a small removable piece that 
was changed between research participants), or getting 
the breathalyzer to turn on. For example, one participant 
stated, “When you’ve had something to drink and you’ve 
been smoking and doing whatever and when you try and 
blow, that’s a lot of air you’ve got to blow into it!”.

Discussion
Overall, results for the TRAC pilot study suggest that, 
despite positive attitudes toward the technologies, the 
feasibility of mobile monitoring of alcohol consumption 
using breathalyzers and mobile surveys remains ques-
tionable among PLWHA. Adherence rates for the breath-
alyzer readings ranged from 71 to 80%, depending on if 
you consider the two entirely non-adherent individuals. 
There were fewer responses to the mobile surveys, with 
adherence rates ranging from 56 to 62%. It is possible 
that this is because the mobile surveys required an addi-
tional step after the reading was completed. Participants 
may have simply forgotten to complete the survey or 
were unwilling or unable to take the extra time needed 
to do so. In the future, developers might consider creat-
ing an app integrating the breathalyzer readings with a 
short survey that becomes available upon completion of 
the reading. At the time of writing, the BACTrack app 
does include a space for indicating the number of drinks 
consumed and adding additional notes, but a feature 
allowing the inclusion of a survey would be especially 
helpful for PLWHA who want to monitor multiple health 
metrics.

Results also indicated that participants were much 
more likely to complete monitoring tasks in the day-
time than they were in the evening. This is concerning, 
as individuals generally drink more in the evenings [24], 
so the collected data may not provide accurate informa-
tion regarding actual consumption behaviors. As we plan 
for follow-up research to this pilot study, we will seek 
to increase response rates to evening monitoring tasks 
by exploring options including providing higher incen-
tives for completing evening monitoring tasks or sched-
uling multiple monitoring tasks in the evening hours to 
increase the likelihood of getting a response.

An especially interesting finding was that rates of 
reported alcohol use were higher among the mobile sur-
veys than the breathalyzers. This could be due to the fact 
that participants often reported alcohol use from several 
hours prior that no longer showed up on a breathalyzer 
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reading. Given that alcohol leaves the system at a rate 
of 0.015 BAC/h, even someone at the typical legal limit 
of 0.08 BAC would have a 0.000 reading after just over 
5 h [25]. The data suggest this might be what was occur-
ring; In the instances in which the breathalyzer and the 
survey responses conflicted in terms of whether or not 
they indicated alcohol use, a strong majority were times 
in which participants reported drinking in the survey 
but did not have a positive breathalyzer reading. In these 
cases, respondents appeared to have a small amount of 
alcohol (one drink on average) several hours prior to 
completing the breathalyzer reading. Thus, it appears as 
though the surveys were capturing drinking occasions 
that the breathalyzers could not capture when used on 
just a twice-daily basis. This is not necessarily a weakness 
of breathalyzer-based monitoring, but shows the value of 
using both self-reports and biological indicators of alco-
hol consumption when relying on ecological momentary 
assessment [14, 26]. It also suggests that breathalyzer 
readings may need to happen more frequently than two 
times a day. Participants in our study indicated that two 
texts a day was an acceptable amount in the qualitative 
interviews, with some stating that we could have texted 
more. However, follow-up research is needed to see if 
additional breathalyzer readings and surveys are indeed 
feasible and acceptable given the lower adherence rates 
found in this study.

This study also attempted to assess preliminary validity 
of mobile monitoring by comparing alcohol consumption 
captured via breathalyzers and mobile surveys with self-
reported behaviors from a baseline survey. The results 
of these correlational analyses were mixed. Overall fre-
quency of alcohol consumption was not associated with 
the data captured via monitoring, which was surpris-
ing. However, frequency of binge drinking and AUDIT 
score were associated with monitoring data, such that 
those who reported higher levels of binge drinking and 
higher AUDIT scores had higher BAC levels and more 
days where they reported drinking. This suggests that 
mobile assessment of alcohol use may be especially bene-
ficial for capturing behaviors among those who engage in 
problematic drinking, but may not be as useful for more 
casual drinkers. Given that most health promotion inter-
ventions using mobile monitoring will likely be targeting 
problematic drinkers, this is likely not a significant prob-
lem with the EMA approach tested here, but warrants 
further research.

Given the overall question of feasibility, the results of 
this study suggest that more work needs to be done to 
make mobile alcohol monitoring via breathalyzers and 
mobile surveys feasible for this population. While there is 
not a widely-accepted standard for determining whether 
individuals are compliant to EMA, several researchers 

have suggested a cut-off of 80% [27]. A recent meta-anal-
ysis of EMA approaches among substance users found 
a pooled compliance rate of 75% [27], suggesting that 
EMA approaches in general may need to be re-worked in 
order to lead to acceptable compliance among substance-
using populations. It is surprising that compliance rates 
were not higher in this study, given the positive feedback 
provided by participants during their exit interviews. 
While interviewer effects may have led to more positive 
reports, participants generally reported liking the tech-
nologies and the majority reported that they were easy 
to use. However, there were instances where partici-
pants reported experiencing intermittent technical dif-
ficulties, such as losing the breathalyzer mouthpiece or 
not having cellular service. Additionally, some reported 
having difficulty breathing into the breathalyzer for long 
enough to complete a reading. These technical difficulties 
may have contributed to the lower adherence rates and 
demonstrate the need for giving further training, pro-
viding back-up mouthpieces to participants, and poten-
tially screening for respiratory issues before entry into 
the study. Another barrier to EMA completion that par-
ticipants reported was simply forgetting to complete the 
reading after they received the prompt. The TRAC Study, 
in an effort to reduce burden, did not send reminders to 
participants if they did not complete a reading, which 
could explain the lower adherence rates in this study. Pre-
vious studies that have yielded higher EMA adherence 
rates have utilized reminder messages if individuals did 
not complete their reading [16] or a chance to complete 
a “make-up” reading [17]. We will explore these methods 
of encouraging EMA completion in future stages of this 
research to increase adherence rates.

Limitations
This pilot research included a small sample size of 
PLWHA in the Southeastern United States. Thus, 
the results are likely not representative of the entire 
PLWHA population and may not accurately reflect 
drinking behaviors. Also, there was no guarantee that 
the participants themselves completed the breathalyzer 
readings, which served as a limitation. However, there 
was little reason for deception by the participants, as 
their incentives were not based on whether or not they 
consumed alcohol. A future recommendation to avoid 
this limitation is to use video confirmation or location 
collection of each study participant, which would serve 
as proof of identity. Another limitation of this study is 
that participants were asked about whether they con-
sumed alcohol “today” in the mobile surveys. It is pos-
sible that most participants assumed that meant since 
they woke up, which meant any alcohol consumption 
that occurred between the evening monitoring task 
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and when participants woke up may not have been cap-
tured. Future research should seek to use more precise 
language to avoid any confusion among respondents. 
Finally, the small sample size, missing data, and limited 
time frame prevented the inclusion of more sophisti-
cated data analyses. Moving forward, the next step of 
this research involves a longer monitoring period and a 
randomized controlled trial with a larger sample size to 
test the impact of monitoring in combination with an 
educational intervention.

Conclusions
The TRAC pilot study represents an important first step 
toward examining the feasibility of smartphone-based 
monitoring of alcohol consumption among PLWHA. 
Overall, this study suggests that smartphone-based EMA 
combined with breathalyzers shows some promise for 
tracking alcohol consumption among this population, 
though improvements are needed to increase adherence 
to assessments, particularly for evening monitoring tasks. 
Results also indicate that this method of mobile monitor-
ing may be especially valuable for collecting data regard-
ing binge or hazardous drinking. Ongoing research will 
build on these findings and examine the value of moni-
toring in concert with an alcohol reduction intervention.

Abbreviations
AUDIT: alcohol use disorders identification test; BAC: blood alcohol content; 
EMA: ecological momentary assessment; PLWHA: people living with HIV/AIDS; 
RQ: research question; TRAC​: tracking and reducing alcohol consumption.

Acknowledgements
Not applicable.

Authors’ contributions
CL was the principal investigator, analyzed and interpreted all study data, and 
was a major contributor in writing the manuscript. ET contributed to the writ-
ing of the manuscript, performed edits on the paper, and reviewed format-
ting. DP contributed to the writing of the manuscript and edited the paper. 
AW assisted with conducting the study and edited the paper. All authors read 
and approved the final manuscript.

Funding
This research was supported by a grant from the University of Georgia 
Research Foundation, Inc.

Availability of data and materials
The datasets generated and/or analyzed during the current study are available 
from the corresponding author on reasonable request.

Ethics approval and consent to participate
All procedures were approved by the University of Georgia’s Institutional 
Review Board. All patients went through an informed consent process and 
review of the ethics associated with the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 5 August 2019   Accepted: 16 November 2019

References
	1.	 Lefevre F, O’Leary B, Moran M, Mossar M, Yarnold PR, Martin GJ, et al. 

Alcohol consumption among HIV-infected patients. J Gen Intern Med. 
1995;10(8):458–60.

	2.	 Samet JH, Phillips SJ, Horton NJ, Traphagen ET, Freedberg KA. Detecting 
alcohol problems in HIV-infected patients: use of the CAGE questionnaire. 
AIDS Res Hum Retroviruses. 2004;20(2):151–5.

	3.	 Parsons JT, Rosof E, Mustanski B. The temporal relationship between 
alcohol consumption and HIV-medication adherence: a multilevel model 
of direct and moderating effects. Health Psychol. 2008;27(5):628.

	4.	 Samet JH, Horton NJ, Meli S, Freedberg KA, Palepu A. Alcohol consump-
tion and antiretroviral adherence among HIV-infected persons with 
alcohol problems. Alcohol Clin Exp Res. 2004;28(4):572–7.

	5.	 Parsons JT, Golub SA, Rosof E, Holder C. Motivational interviewing and 
cognitive-behavioral intervention to improve HIV medication adher-
ence among hazardous drinkers: a randomized controlled trial. J Acquir 
Immune Defic Syndr. 2007;46(4):443–50.

	6.	 Velasquez MM, von Sternberg K, Johnson DH, Green C, Carbonari JP, 
Parsons JT. Reducing sexual risk behaviors and alcohol use among 
HIV-positive men who have sex with men: a randomized clinical trial. J 
Consult Clin Psychol. 2009;77(4):657–67.

	7.	 Samet JH, Walley AY. Interventions targeting HIV-infected risky drinkers. 
Alcohol Res Health. 2010;33:267–9.

	8.	 Satre DD, Leibowitz AS, Leyden W, Catz SL, Hare CB, Jang H, et al. Inter-
ventions to reduce unhealthy alcohol use among primary care patients 
with HIV: the Health and Motivation Randomized Clinical Trial. J Gen 
Intern Med. 2019;34(10):2054–61.

	9.	 Scott-Sheldon LAJ, Carey KB, Johnson BT, Carey MP, The MASH Research 
Team. Behavioral interventions targeting alcohol use among people 
living with HIV/AIDS: a systematic review and meta-analysis. AIDS Behav. 
2017;21(2):126–43.

	10.	 Edelman EJ, Williams EC, Marshall BDL. Addressing unhealthy alcohol use 
among people living with HIV: recent advances and research directions. 
Curr Opin Infect Dis. 2018;31(1):1–7.

	11.	 Reif S, Golin C, Smith S. Barriers to accessing HIV/AIDS care in North 
Carolina: rural and urban differences. AIDS Care. 2005;17(5):558–65.

	12.	 Hasin DS, Aharonovich E, O’Leary A, Greenstein E, Pavlicova M, Arunajadai 
S, et al. Reducing heavy drinking in HIV primary care: a randomized trial of 
brief intervention, with and without technological enhancement. Addic-
tion. 2013;108(7):1230–40.

	13.	 Hasin DS, Aharonovich E, Greenstein E. HealthCall for the smartphone: 
technology enhancement of brief intervention in HIV alcohol dependent 
patients. Addict Sci Clin Pract. 2014;9(1):5.

	14.	 Morgenstern J, Kuerbis A, Muench F. Ecological momentary assessment 
and alcohol use disorder treatment. Alcohol Res. 2014;36(1):101–9.

	15.	 Moore RC, Kaufmann CN, Rooney AS, Moore DJ, Eyler LT, Granholm E, 
et al. Feasibility and acceptability of ecological momentary assessment 
of daily functioning among older adults with HIV. Am J Geriatr Psychiatry. 
2017;25(8):829–40.

	16.	 Paolillo EW, Obermeit LC, Tang B, Depp CA, Vaida F, Moore DJ, et al. 
Smartphone-based ecological momentary assessment (EMA) of alcohol 
and cannabis use in older adults with and without HIV infection. Addict 
Behav. 2018;83:102–8.

	17.	 Przybyla SM, Eliseo-Arras RK, Krawiec G, Gower E, Dermen K. Feasibility 
and acceptability of a smartphone app for daily reports of substance use 
and antiretroviral therapy adherence among HIV-infected adults. AIDS 
Res Treat. 2016;2016:1–12.

	18.	 Swendeman D, Comulada WS, Ramanathan N, Lazar M, Estrin D. Reli-
ability and validity of daily self-monitoring by smartphone application 
for health-related quality-of-life, antiretroviral adherence, substance 
use, and sexual behaviors among people living with HIV. AIDS Behav. 
2015;19(2):330.

	19.	 Collins RL, Kashdan TB, Gollnisch G. The feasibility of using cellular phones 
to collect ecological momentary assessment data: application to alcohol 
consumption. Exp Clin Psychopharmacol. 2003;11(1):73.



Page 11 of 11Lauckner et al. Addict Sci Clin Pract           (2019) 14:43 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	20.	 Hensel DJ, Fortenberry JD, Harezlak J, Craig D. The feasibility of cell phone 
based electronic diaries for STI/HIV research. BMC Med Res Methodol. 
2012;12(1):1.

	21.	 Babor TF, de la Fuente JR, Saunders J, Grant M. The alcohol use disorders 
identification test: guidelines for use in primary care. Geneva: World 
Health Organization; 2011.

	22.	 Mayfield D, McLeod G, Hall P. The CAGE questionnaire: validation of a new 
alcoholism screening instrument. Am J Psychiatry. 1974;131(10):1121–3.

	23.	 Strauss A, Corbin J. Basics of qualitative research: techniques and proce-
dures for developing grounded theory. Newbury Park: Sage Publications, 
Inc; 1998.

	24.	 Muraven M, Collins RL, Shiffman S, Paty JA. Daily fluctuations in self-con-
trol demands and alcohol intake. Psychol Addict Behav. 2005;19(2):140–7.

	25.	 American Addiction Centers. How long does alcohol stay in your system? 
2019. https​://ameri​canad​dicti​oncen​ters.org/alcoh​olism​-treat​ment/how-
long-in-syste​m.

	26.	 Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. 
Annu Rev Clin Psychol. 2008;4(1):1–32.

	27.	 Jones A, Remmerswaal D, Verveer I, Robinson E, Franken IHA, Wen CKF, 
et al. Compliance with ecological momentary assessment protocols in 
substance users: a meta-analysis. Addiction. 2019;114(4):609–19.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://americanaddictioncenters.org/alcoholism-treatment/how-long-in-system
https://americanaddictioncenters.org/alcoholism-treatment/how-long-in-system

	The feasibility of using smartphones and mobile breathalyzers to monitor alcohol consumption among people living with HIVAIDS
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study overview
	Participants
	Procedures
	Quantitative measures
	Qualitative measures
	Analysis

	Results
	Daily monitoring results (RQ1)
	Correlation between adherence and baseline alcohol consumption (RQ2)
	Daily reports of alcohol consumption (RQ3)
	Relationship between baseline self-reported behaviors and behaviors captured via monitoring (RQ4)
	Qualitative feedback on TRAC pilot study (RQ4)
	Overall opinions on monitoring
	Overall opinions on technology used
	Feedback on text message reminders
	Feedback on the breathalyzer


	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References




