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How Patients Recovering From Alcoholism Use a Smartphone Intervention

Fiona M. McTavish, MS,' Ming-Yuan Chih, MHA, MS,? Dhavan Shah, PhD,* and David H. Gustafson, PhDD*

Ohjective: Mobile technology has the potential w radically improve addiction reatment and continuing care by offering emotional
and instrumental support anywhere and just in time. This is particularly important in addiction because timing is critical to preventing
relapse. Although most experts consider alccholism o be a chronie disease, providers do not typically offer ongoing support for
relapse prevention after patients complete treatment. even though a central characteristic of alcoholism and other addictive behaviors
15 their chronically relapsing natwre, A-CHESS 15 a smariphone-based svstem for preventing relapse to heavy drinking among people
leaving active alcohol dependence treatment. A-CHESS is designed o improve competence, social relatedness, and motvation, the
three tenets of self-determination theory. This paper reports on the relative impact and use of A-CHESS 4 months after patients entered
the study and discusses implications of the results on treating addiction and chronic diseases generally. Methods: A wtal of 349
individuals with alcohol dependence leaving residential treatment were randomly assigned o either receive A-CHESS + Treatment
as wsual or treatment as usual (standard aftercare), Patients came from two treatment agencies, one in the Midwest and one in the
Mortheast. Patients assigned w A-CHESS received a smariphone for 8 months and were followed for 12. The authors analyveed wse
patterns during the first 4 months of use by those receiving A-CHESS, Results: Participants used A-CHESS heavily and sustainad their
use over time. Minety-four percent of A-CHESS participants used the application during the first week after residential treatment. At
week 16, almost 80% continued to access A-CHESS. Participants with alcobol and drug dependence showed higher levels of svateim
use than those with alcohol dependence only. Participants with a mental health diagnosis had slightly lower levels of use at the end
of the intervention period (week 16), although more than 70% sull accessed the system, Conclusions: These findings illustrate that
patients with alcohol dependence, alcohol and dmg dependence, and mental health issues will use smartphone applications such as
A-CHESS for engoing support, resources, and information, thus extending patient care if given the opportunity. Further analysis is
needed o determine whether sustained A-CHESS use improves outcomes. This climcal trial is registered at www.clinicaltrials.gov as
triad #NCTONOOE1 19, (Fowrmal of Dual Diagnosiz, 8:294-304, 2012}

Keywords alcohol dependence, e-health, smariphones, sysiem use analysis, self determinarion theory, cognitive-betavioral relapse

prevention

In 2005, more than 17 million people were classified as
having an alcohol use disorder, although fewer than 4 million
people received some treatment (Substance Abuse and Men-
tal Health Services Administration, 2009; Grant & Dawson,
2006). Despite numerous advances in the treatment of alco-
holism, relapse o heavy or uncontrolled use remains comimon,
by some accounts as high as 80% (Bradizea, Stasiewice, &
Paas, 2006; Brownell, Marlatt, Lichtenstein, & Wilson, 1986,
Dennis, Scott, & Funk, 2003; Donovan, 19496; Lowman, Allen,
Stout, & The Relapse Research Group, 1996; McKay & Weiss,
2000; Mclellan, 2002, Witkiewitz & Marlat, 2004; Mueller,
Petitjican, Boening, & Wiesbeck, 2007). Abuse of alcohol and
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other drugs relates to serious public health and safety prob-
lems (McLellan, Lewis, O'Brien, & Kleber, 2000); exacts
greal societal costs, including higher crime (Etiner, 2006); ele-
vates healthcare costs (Ettner, 2006):; and reduces productivity
(5laymaker & Owen, 2006; Hoffman, DeHart, & Fulkerson,
19493). The social costs ol alcohol abuse and dependence in
the United States are estimated to exceed 5180 billion per vear
(Harwood, 20060},

Although most experts consider alcoholism to be a chronic
disease, providers do not typically offer ongoing support for
relapse prevention after patients complete treatment, even
though a central characteristic of alcoholism and other ad-
dictive behaviors is their chromically relapsing nature. Unlike
other chromic diseases, aftercare appointments and ongoing
monitoring are rare in the addiction field (McLellan et al.,
2000; White, Boyle, & Loveland, 2002). This is true even
though most research indicates that prolonged participation
in continuing care for alcohol and drug abusers is associated
with better outcomes (McLellan, McKay, Forman, Cacciola,
& Kemp, 2005; Simpson, 2004; MeKay, 2005). This lack of
continuing care for relapse prevention arises in parl from the
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current aleohol  treatment infrastructure, which is finan-
cially overburdened, labor-intensive, and unstable (MeLellan,
Carise, & Kleber, 2003).

One possible solution o the challenge of providing contin-
uing care is the use of technology. Technology has the potential
to provide personalized continning care 24/7 at a fraction of
the cost of traditional care. This paper describes a randomized
clinical trial of a mobile technology system called A-CHESS
{Alcohol-Comprehensive Health Enhancement Support Sys-
tem). A-CHESS was designed to radically improve addiction
treatment and continuing care by offering emotional and in-
strumental suppnt anywhere at any time {Gustafson et al.,
2011). This paper describes how participants assigned 10 A-
CHESS in a randomized trial wsed the system in the first 4
months after leaving residential treatment.

THEORETICAL FOUNDATION

A-CHESS is based on self-determination theory and cogni-
tive behavioral relapse prevention. Self-determination theory
posits that satisfving three fundamental needs contributes
adaptive [unctioning: perceived competence, a feeling of re-
latedness (feeling connected o others), and aulonomous mo-
tivation (feeling internally motivated and not coerced in one’s
actions; Ryan & Deci, 2006), Ryan and Deci (2000) argue
that quality of life increases when the three basic psycho-
logical needs for competence, relatedness, and autonomy are
met,

The three psychological needs relate to determinants of
relapse in Marlatt and George's (1984) cognitive behavioral
relapse prevention model, vsually referred to as Marlatt's
model. This model suggests that both immediate determi-
nants {high-risk situations. lack of coping response, decreased
self-efficacy, and abstinence violation effects) and covert an-
tecedents (lifestyle imbalances, urges, and cravings) can lead
to relapse. The model includes interventions that address each
of the determinants of relapse, suggesting both specific strate-
mies (e, identifying high-risk situations, managing lapscs)
and more global ones (e.g.. balancing lifestyle, pursuing posi-
tive and rewarding activilies),

Both self-determination theory and Marlatt’s model build
on a rich tradition of social sciences research related tw
behavior change (Bandura, 1977), social learming {Rhodes,
Fishbein, & Reis, 1997, persuasive communication (Hovland,
Janis, & Kelley, 1964), motivational interviewing (Miller &
Rollnick, 1991}, hehavioral intent { Ajzen & Fishbein, 1977),
and stages of change (Prochaska & DiClemente, 1983). A-
CHESS employs these concepts in the following ways to pre-
vent relapse: (1) offer resources to cope with pressures to
relapse, e.g., cravings, withdrawal symptoms, and high-risk
situations {competence); (2) provide opportunitics to give and
receive social support o persevere (relatedness); and (3) de-
velop and maintain aulonomous motivation 1o prevent relapse
(autonomy).

Figure 1 shows how A-CHESS fits within both self-
determination theory and Marlatt’s model (Larimer, Palmer,
& Marlat, 1999 Witkiewitz & Marlatt, 20043, The bottom
row of boxes lists Marlat”'s stages preceding relapse. The row
above lists the stage-appropriate change methods, again [rom
Moarlart’s model. The arrows between those two rows show how
the change methods could be applied to the stages preceding re-
lapse, The rest of Figure 1 is built on the three elements of self-
determination theory: compelence, relatedness, and aulonomy.
Every A-CHESS service listed has a corresponding change
method and self-determination theory construct. The relation-
ships shown are examples of how A-CHESS addresses the
imterventioms suggested by Marlat's model but do not include
all possible examples.

METHODS
Participants

The current clinical trial (Developing and Testing a Compulter-
Based Alcohol Use Disorder Recovery System) included 349
adults who met the criteria for current DEM-IV alcohol de-
pendence at the ume they entered reatment at two residential
treatment sites, one in the Midwest and one on the East Coast,
Participants had to be at least 18 vears of age, willing 1o be
randomized (the control group received standard care; the ex-
perimental group received standard care plus a smartphone
with A-CHESS access for 8 months), and willing to identify
two people who could provide contact information about their
location for the next year. Exclusionary criteria included a
psychiatric or medical condition that precluded participating
in the study (a history of svicidality, a significant develop-
mental or cognitive impairment that would limit the ability to
understand A-CHESS material, or vision problems). Patients
who appeared eligible for the study based on the treatment cen-
ter's analysis of their administrative database were approached
by the on-site project coordinator approximately 2 weeks be-
fore leaving residential treatment. The project coordinator had
a complete discussion of the study and explaimned the study
procedures, the benefits and risks of participation, participani
responsibilities, and data collection. Written informed consent
was obtained after this discussion. The study was conducted
in accordance with the Declaration of Helsinki in compli-
ance with the policies of the Institutional Review Board of the
University of Wisconsin-Madison, which approved and mon-
itored the study. If participants agreed o be on study, they
signed a written consent and completed a pretest. The study
also included three positest interviews at 4, 8, and 12 months.
Those randomized to A-CHESS would also have their use of
A-CHESS antomatically collected. Participants were recruited
February 2010 through June 201 1.

As seen in Figure 2, a total of 380 patients were approached
Lo join the study. Thirteen patients were deemed ineligible for
study and 18 patients declined. The primary reasons patients
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FIGURE 2 Consort diagram (color gure available online).

declined were (a) not interested, {b) did not want o use a
smartphone with GPS, and (¢} did not come to their scheduled
intake mecting.

Of the 349 patients who joined the study, 179 were random-
ized wo the control group and 170t the experimental group. No
matching or stratification was used. All subjects gave wrillen
consent prior to randomization.

The average age of the study participants was 38,3 vears
(50 = 10.4), the majority of participants were male (60.6%),
and 82.9% were Caocasian. About a quarter of participants
(22.3%) did not complete high school, Self-report survey data
indicated that 62.7% abused other drugs besides alcohol when
they entered treatment, 47.1% had mental health problems
{e.g., depression, bipolar disorder), and 53.4% had a history of
emotional or physical trauwma that continued to affect them. Ap-
proximately a third (34.9%) were planning to live in a halfway
house or shelter when they left treatment.

The Intervention

These randomized o the experimental group received access
e A-CHESS for 8 months, A-CHESS was designed [or peo-
ple in recovery being discharged rom residential care and has
digital voice services, text messaging, web access, GPS, voice
recognition, and video capabilities, The system transfers data
from the phone o a computer accessible by the patient’s coun-
selor or care manager, It has sulficient memory w store static

content and a global positioning system (GPS) that provides
location-detection services.

Each study participant has a unigue log-in allowing us to
automatically collect A-CHESS use data in server log files for
later analysis. The server tracks date and lime a participant
entercd A-CHESS, the service selected, how long they used
cach service, pages viewed, and whether the participant sent
or received messages. Table 1 has a briel description of some
of the services in A-CHESS.

While still in the residential reatment facility, study partic-
ipants randomized to A-CHESS learned and practiced using
A-CHESS services under counselor guidance, Before leaving
residential treatment, participants were required 1o demon-
streate a minimal understanding of the smartphone before get-
ting it (i.c., they had the ability to set up their profile and use
the discussion board and texting features and had entered a
minimum of two people who would receive a text message
if they pressed the panic button). Participants were given a
wallet-sized card that included a toll-free number to call if
they had any questions about the study or using the A-CHESS
phone as well as the dates of their follow-up telephone surveys.

RESULTS

This paper focuses on how the A-CHESS study participants
(W = 1700 used the intervention in the first 4 months after they
left residential treatment. All data were collected automatically

2002, Violwe 8, Number 4
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TABLE 1
A-CHESS Services

[Dscussion Groups

Acsk an Expert
Crpen Expert

Personal Siories

Imstant Library
Moedication Resource

Frequently Asked
Questions

Weblinks
Ensing Distress

Healthy Events
Newsletter

High-Risk Patient
Locator

[raily Thewghis
Sobnety Counter
Panic Button

Weekly Check-In

Participants can anonymously exchange emotional suppert and information with other A-CHESS users via online bulletin board
SUPPOrt aroups.

Allows A-CHESS users to receive personal responses to their questions from experts in addiction within 48 hours.

Respomses 10 questions sent to Ask an Expert that are of general imerest are rendered anonymons and made available for all
USCTS [0 VICW,

Professionally produced ext and vides accounts of recovery experiences based on interviews of patients and family members.
Stories focus on wWays o overcome barviers o addiction managerment a3 well as how o make different choices and cope with
challenges.

Deetailed summaries of articles, chapters. and manuals on addiction management.

Information about addiction pharmacotherapies, side effects, and ways (o reduce barriers to adherence (e.g., forgetting o take
miedications, daily echmgues o remember o ke medications),

Brief answers (o frequently asked questions about addiction. such as “Why do some people become addicted o drogs. while
others don’t?” and "How do [ deal with eravings for aleohel?” Links 1o additional CHESS services offering more detailed
informancn and support are also provided.

Patients access approved addiction-related websites (and specific pugres within sies),

Accomputerized cognitive behavior therapy progeam designed to help people cope with harmful thoughts that can stymie efforts
o prevent relapse. It helps assess logical ervors, atirihutional sivle, and the tendency to exaggerate distress and offers practical
exercises o improve cognitive problem solving skills,

Alerts the person in recovery about healthy drug- and alcohol-free events taking place in their city,

GPS wechnology wracks when participants approach an area where they taditionally obtzined or consumed alcohol so they can
recerve “just-n=tme” support wowoerk through what might be a igherisk sieation for relapss. To sctvate, individuals
voluntarily register places where they regularly obtained or consumed alcohol in the past and now designate as a high-risk
locarions for relapse.

Maotivational quotes (usually about sobriety) sent vas text messaging each morming 1o A-CHESS participanis,

Appears on the home page of A-CHESS to remind participants of how many days they have been sober.

Provides immediate help to avoid an imminent relapse (e.g., if urges and cravings become severe and help is desired). By
pressimg the “panic button,” an intervention {set up during iraiming ) would start, including automated reminders wo the patient
personal medvations for not donking), computer-generated alerts 1o Key people (e.g., counselor, sponsor, counselor, Gamilyy
who may reach out to the patient via phone or in person, and specific tools for dealing with urges.

Brief survey (Brief Alcohol Monitoring Index) to ebtain patient data on negative affect, lifestyle balance, and recent substance
use, Check-in information is used by A-CHESS for inage and feedback, Patients” care managers are autcmatically nodified of
i participant score exceeds a predetermined threshold. The care manager can view o summary report of check-mn data if they
wish.

on the server o rack the use of the A-CHESS application on - “news,

“ " Ueasing distress,” “instant library,” “recovery infor-

LLIETY

the smartphone. Data on participant use during training were  mation,” “open expert,” “lrequently asked guestions,” “web
removed from the analysis. OfF those randomized to A-CHESS,  links” “wiorials” “our stories,” and “recovery podeasts.”
93.5% accessed the system during the first week alter leaving  Services associaled with relatedness include: “panic button,”

LERTY

treatment. At the end of 4 months, 78.2% were still actively  “weekly survey,” “daily check-in,” “discussions,” “ask an ex-

using the systern. The A-CHESS services used by the greatest  pert.” “events and meeting planner.” “my friends.” “my mes-
percentage of participants included “discussions,” “my mes-  sages,” “my profile,” “my team,” and “team feed.” Services

T

sages,

LTS

my team,” and “weekly surveys.” The least used ser-  related to autonomy include: “high-risk locator,” “notifica-

LEI T LIRS LLA S

vices were “instant library,” “frequently asked questions,” and  tions,” “recovery motivation,” “panic bution,” “weekly sur-

“weh links.”

LI LTIT LI

vey,” “daily check-in,” “sobriety date counter,” “our stories,”

As discussed previously, A-CHESS was built on self-
determination theory and Marlatt's stages-of-relapse model.
Therefore we measured use of A-CHESS services around the
three tenets of self-determination theory (competence, related-
ness, and autonomy ). These tenets are not mutually exclusive.
For example, “discussions™ fit under relatedness, but because
information exchange often occurs within messages, also con-
tributes to competence. Thus, use of “discussions™ 15 counted
in both categories.

A-CHESS services related o competence include: “no-

11 4 LE T

fifications,” “pamec buiion,” “discussions,” “ask an expert,”

Journal of Dual Diagnosis

and “recovery podcasts.”

In week 1, 80% of A-CHESS participants used services
related 1o competence, 91% used services associated with re-
latedness, and 84% used services related to autonomous mo-
tivation. By week 16, only 399 used services related to com-
petence, while 76% used services associated with relatedness
and 66% used services related (o autonomous motivation (see
Figure 3).

When use is measured by mean number of pages viewed
per sell-determination theory tenet, a similar but different pic-
ture emerges. The mean number of relatedness pages viewed
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FIGURE 3 Percentage of participants viewing content by self-determination theory renetsfweek (color figure availalzle online)

was 164.2 pages during week 1, compared to 3597 com-
petence pages and [9.32 autonomous motivation pages. By
week 16, a mean of 52.3 relatedness pages, 14.24 competence
pages, and 11.17 aulonomous motivation pages were viewed
(Figure 4).

We also looked at whether A-CHESS use was different if
the participant had a self-reported mental health disorder in
addition to alecohol or drug dependence. More than 20% of
those who sell-reported mental health issues used A-CHESS
through week 4, By week 16, approximately 74% of those with
self-reported mental health issues were still using A-CHESS
compared to 83% of those with no sell-report mental health
ISSUES,

All subjects in this study met criteria for current DSM-TV
aleohol dependence ar the time they entered treatment. Ac-

16l

cording to the Mational Institute on Drug Abuse (NIDA, 20010,
23.1% of admissions to publically funded treatment centers in
2008 were for alecohol abuse only, whereas 18.3% were for
aleohol and other drugs. As part of the pretest survey, study
participants self-reported other drug abuse besides aleohol.
The 2001 DASIS Report {Substance Abuse and Mental Health
Services Administration, 2001) stated that “many believe that
successiul reatment of polydrug use may be more difficult”
than single drug reatment. Looking at A-CHESS use by in-
dividuals with drug as well as alcohol dependence (n = 103)
versus those with alcohol dependence alone (n = 63), we found
that the percentage of overall use of A-CHESS by each group
was essentially the same through week 8 (approximately 90%
of participants in each group were using A-CHESS), but hy
week 16, 82% of those with alcohol and drug dependence used

s A utonomy

140 1y
120 \
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100 S_
80— =

-y
fall -

== == Rolatedness

=== Competence

40 LI

- . .

Mean # of Pages Viewed

1 2 3 4 &5 a6 7

20-2 T L AL T
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Weeks

FIGURE 4 Mean numbser of A-CHESS pages viewed per self-determination theory tenet (eolor figure available online)
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A-CHESS compared to 72% of those with alcohol dependence
alene. Including only those who used A-CHESS cach week,
there was no difference between groups in mean number of
pages viewed per week.

In addition, we looked at the mean number of pages viewed
per self-determination theory tenet (relatedness, competence,
and autonemous motivation) and found ne difference between
groups, However, wse of two services within the relatedness
tenet were significantly dilTerent. Participants with aleohol and
drug dependence used the “my messages" service significanily
less than those with alcohol dependence only [f1607 = 2,139,
p = 034] but had significantly greater use of the “my team”
service [r(157) = 3.071, p = .003]. There was no significant
difference in the use of any A-CHESS services found for in-
dividuals who self-reported other mental health issues. While
we have not looked at outcomes in this paper, it is encouraging
that individuals with aleohol and drug dependence as well as
people with dual diagnosis (sell-reported mental health issues
in addition to alcohol or drug dependence) have sustained use
ol A-CHESS over time.,

We then looked o see whether there were differences in
use by gender and age. When comparing number of weeks of
use of A-CHESS by age, we found no significant difference of
A-CHESS by age group, However, we did find that women had
significantly higher weekly use of the A-CHESS services clus-
tered in the competence tenet of the self-determination theory
than men [((168) = =2.814, p = 005]. The mean number of
weeks that women viewed services related to competence was
9.63 compared to V.48 for men. In addition, women viewed
significantly more pages (M = 219.13) than men (M = 128.15)
within the competence tenet [1(164) = —2.803, p = 006)].

To further understand use of the smartphone applications,
we compared A-CHESS use to two other smartphone applica-
tions: {a) the use by teenagers of Asthma-CHESS and (b) the
use by adult patients with colon cancer of Survivor-CHESS.
The mean age of the teens was 141 years (50 = 1.8). The

100 4
90 4
an -
T+
a0 -

a0 -
30 4

I l'-gh‘".;""" . ™

Percentage of Pages Viewed
i
=
1

10 -

colon cancer survivors’ mean age was 58 vears (5D = [3.3).
As might be expected, the mean number of pages viewed by
teens was much greater than the pages viewed by participants
with alcohol dependence or colon cancer survivors (930 pages
vs, 225 pages vs, 179, respectively).

To compare changes in use patterns over time among dif-
ferent populations, we recorded the number of mean pages
viewed in week 1 (the highest use period) as 100% and com-
pared each week thereafier to week 1. For example, if mean
pages viewed in week | was 50 pages, week 1 is 100% and the
pages viewed each week after is a fraction of the maximum
use (e.g., 25 pages is 50% uvse). Asthma-CHESS had a mean
of 950 pages viewed in week one (1005 or maximum use),
but quickly dropped to 30 of maximum use (or 292 pages
viewed) by week 3 and stayed at that level every week but one.
In contrast, Alcohol-CHESS users dropped to approximately
56% of maximum use by week 3 (127 compared 225 pages
viewed) and remained above the 30% level throughout week
16. Colon cancer survivors dropped o 40% of maximum use
by week 3 and remained below 20% from week 100 on (sce
Figure 5).

Using the percentage of users viewing pages per week rather
than the mean number of pages viewed, approximately 93% of
Alcohol-CHESS participants used the smartphone application
during the first week they left residential wrearment. Ar week
16, almost 80% continued to access Alcohol-CHESS, All of
the teens (100%) used Asthma-CHESS during week 1; by
week 6, approximately 75% used it; and by week 16, 65%
were still viewing content. Survivors of colon cancer used the
application least through the 16-week pericd, with a high of
65% of participants using it in week 1 and only 35% using it
at week 16 (see Figure 6).

Both Alcohol-CHESS and Asthma-CHESS had high levels
of sustained use of the system, higher than what we typically
observed in our earlier clinical trials using laptops. Inoa previ-
ous study of 231 low-income women (mean age of 51) with
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FIGURE & Percentage of pages viewed by week {color Ggure avanlable online).
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breast cancer, #84% of participants used the Breast Cancer-
CHESS program on laptops in the first week. By week 16,
only 319 were still participating. In a second breast cancer
study, the percentage of women using the system in week |
was T4% and declined o 30% by week 16, Other CHESS
studies of patients with HIV and prostate cancer using laptops
show similar patterns of declined use over lime.

DISCUSSION

Research2Guidance cofounder Ralf-Gordon Jahns estimates
that there are currently more than 40,000 mobile health apps on
the market {Cohn, 2012). Jahns expects the number of apps 1o
double as the number of smartphone users, the sophistication
of the apps, and the marketing muscle behind the apps all
increase. He estimates that close to 250 million people will
download health apps in 2012, Despite this growth, very litte
research has been done on the efficacy of smartphone apps,
let alone standard ways of measuring their use, Our initial
analysis of A-CHESS use is a step in this direction and begins
o provide a richer sense of how these sorts of applications can
be used to treat chromie disease generally and alcohol addiction
and associated issues specifically,

Our analysis focused on two distinet types of use: entry into
the system and exposure to specific content, Eniry is definad
as how often someone accesses an application, In the case of
A-CHESS, entry is measured the first time during a session
that the persom gets to the A-CHESS homepage. The number
of entries was examined at various points during the study pe-
riod. To understand sustained wse, we looked at the number of
weeks a participant entered the system over time. An online
survey by Consumer Health Information Corporation (2011)
found that only 26% of health apps downloaded are used more
than once. As reported earlier, 93% of those given access Lo
A-CHESS used it in the first week, By wecek 16, 73% were

still actively accesszing the system. Previous CHESS studies
of women with breast cancer using laptops showed that 809
of participants entered the system in the first 2 weeks; this
dropped to approximately 30% of participants at week 16. The
sustained high use of the A-CHESS application may relate 1o
the platfiorm used, age of participants, Gamiliarity with the de-
vice, or perhaps the chronic and addictive nature of alcohol and
drug abuse. Understanding whal sustains ongoing eniry into
e-health systems such as A-CHESS is critical for designing
applications, for without entry into such svstems, the benefits
of their use are unavailable,

Participants reporting other drug dependence or mental
healih isswes had similar patterns of sustained A-CHESS use
as those with alcohol dependence only, By week 16, those with
aleohol and drug dependence had higher sustained use (82%)
than those with alcohol dependence only (72%). In addition,
4% of participants with mental health issues continued to
use A-CHESS at week 16, This pattern of sustained entry into
A-CHESS by those with alcohol and drug dependence as well
as those with dual diagnosis over lime is encouraging because
it indicates that a wide range of patients in recovery programs
found the systems usclul. This is cspecially significant because
rescarch indicates that prelonged participation in continuing
care 15 associated with better outcomes (McLellan et al., 2003;
Simpson, 2004; Mokay, 2005,

The second measure of use we examined was exposure. Ex-
posure can be defined as the number of pages viewed or total
minutes that a participant is exposed to a particular type of
content. In this study, we relied on page views as an indicator
of exposure to different sorts of content, For pages containing
rich content, such as lengthy videos or detailed narrative ac-
counts, total minutes might be a more appropriate indicator of
exposure. Nonetheless, a goal of this study was to map the use
of A-CHESS services to the three tenets of self-determination
theory: competence, relatedness, and autonomy. This is impor-
tant because self-determination theory suggests that all three
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elements improve quality of life. At the most basic level, we
found that participants choose to expose themselves o content
aligned with relatedness and autonomy more than competence,
especially in the later weeks of the swdy period. Gustalson
el al. (2001) found that informaiion and support must be rel-
evant and timely, meeting patient’s needs as they arise, for
system use to be effective. Certainly smartphone applications
have the potential to provide timely and relevant information,
just in time. It may be that the tools linked (o relatedness and
autonomy were seen as more relevant and timely,

Despite these differences, exposure to content geared to-
ward competence, relatedness, and autonomy was largely sus-
tained throughout the study period. Previous research by Han
et al. (2009 demonstrated that patients with improved qual-
ity of life showed consistency and continuity in their use of
an interactive healthcare system. This bodes well for the sus-
tained use of A-CHESS participants in this study. Smaglik
et al. (1998) found that simply measuring the amount of use
of a particular service was not a good predictor of improved
quality of life, They reported that users who exclusively used
4 bulletin discussion group feature benefited litde if at all,
while those who used multiple services to systematically pur-
sue a topic over fime improved the most, These insights, when
combined with our findings, provide further reassurance,

As with past CHESS studies using laptops, we found that
the social media services within our A-CHESS smartphone
application (such as “discussions”™ and “team feed”) were much
more heavily used than the services related to competence
and autonomous motivation. It should be noted, however, that
while lewer compelence- and aulonomy-related pages were
viewed, hy week 16, 66% of participants were still viewing
autonomy-related pages and 39% were viewing competence-
related pages. This may support Smaglik’s (1998) and Han
et al’s (20009 findings that use of multple services over an
extended period of time is associated with better outcomes.
Further, combining a “page views” approach with a “time
spent” approach may show how balanced or imbalanced the
use of various components of A-CHESS was in relation (o one
another,

Another common measure of use is engagement, which
refers to actions by the participant: what he or she does with
the content. While engagement was bevond the scope of this
present analysis, combining use data with outcome data will
be important in determining which features in A-CHESS have
the greatest effect and whether smartphones can engage partic-
ipants more than other technologies. For example, the number
of messages posted or read by a participant or a parlicipant’s
ongoing use of a decision aid or other interactive system would
provide a better sense of engagement with the capabilities the
system provides. Past research shows that these indicators of
engagement predict improved coping and quality of life in
other chronic disease seftings (Han et al., 2011; Namkoong
et al., 200100

While there are certainly many other ways use can be mea-
sured and defined. measuring use by entry and exposure 1o

Journal of Dual Diagnosis

A-CHESS sets the foundation for more complex use and out-
come analysis in the future, Tt alse allows for comparison
across other studies, as we did with comparable data from
patients with asthma and colon cancer. Future analysis of the
A-CHESS uwse data should include machine learning in or-
der to recognize complex patterns and develop algorithms that
will predict the likelihood of a participant’s using alcohol or
drugs before actually doing it. By instantly analvzing data
aathered by buili-in sensors (such as GPS and accelerometers)
and combining it with A-CHESS use patterns, smartphone
interventions have the capability of providing “just-in-time™
interventions. This suggests the potential for much richer en-
try and exposure measures, which will provide insights into
the use and effects of mobile e-health systems for the treatment
of chronic disease.

Limitations

Several limitations should be considered. As previously ex-
plained, A-CHESS services were categorized according to the
three tenets of self-determination theory {competence, relat-
edness, and autonomy), but the categories are not mutually
exclusive. While conceptually sound, this raises the potential
problem of double counting or inflating use counts. In addition,
we measured exposure o content by number of pages viewed,
which treats all pages as equal. For example, a 3-sentence
message in “discussions” and a 45-minute podeast in “recov-
ery podeasts™ are both considered one viewed page. A more
complete understanding of use might consider the percentage
of people using a service and the amount of time spent viewing
a page as well as the number of pages viewed.

It should also be noted that A-CHESS was designed for
individuals with alcohol dependence. As A-CHESS matures
and develops, more content should be added Tor individuals
dealing with alcohol and dirug dependence and/or mental health
issues given the high percentage of participants dealing with
these issues.
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