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Background: We estimated the efficacy of the Addiction-Comprehensive Health Enhancement Support System
(A-CHESS) in increasing the use of services for addiction and examined the extent to which this use of services
mediated the effects of A-CHESS on risky drinking days and abstinence from drinking.

Methods: We conducted secondary data analyses of the A-CHESS randomized controlled trial. Recruitment oc-
curred in five residential treatment programs operated by two addiction treatment organizations. Participants
were 349 adults with alcohol use disorders recruited two weeks before discharge from residential treatment.

l;fg:g:g;'t utilization We provided intervention arm participants with a smartphone, the A-CHESS application, and an 8-month service
Smartphone plan. Control arm participants received treatment as usual. Telephone interviews at 4, 8, and 12-month follow-
Mobile health ups assessed past-month risky drinking days, past-month abstinence, and post-discharge service utilization
Mediation (past-month outpatient addiction treatment and past-week mutual help including Alcoholics Anonymous and
Aftercare Narcotics Anonymous). Using mixed effects latent variable models, we estimated the indirect effects of A-

Continuing care

CHESS on drinking outcomes, as mediated by post-discharge service utilization.
Randomized controlled trial

Results: Approximately 50.5% of participants reported outpatient addiction treatment and 75.5% reported mutual
help at any follow-up interview in the year following randomization. Assighment to the A-CHESS intervention
was associated with an increased odds of outpatient addiction treatment across follow-ups, but not mutual
help. This use of outpatient addiction treatment mediated the effect of A-CHESS on risky drinking days, but not
abstinence. The effect of A-CHESS through outpatient addiction treatment appeared to reduce the expected num-
ber of risky drinking days across follow-ups by 11%.
Conclusions: The mobile health (mHealth) intervention promoted the use of outpatient addiction treatment,
which appeared to contribute to its efficacy in reducing risky drinking. Future research should investigate how
mHealth interventions could link patients to needed treatment services and promote the sustained use of
these services.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction been applied to a diverse set of health problems, including pediatric
asthma control (Gustafson et al., 2012) and recovery support for breast
(Gustafson et al., 2005, 2008) and lung (Gustafson et al., 2013) cancer.
Addiction-CHESS (A-CHESS) is a multi-component smartphone applica-
tion based on the CHESS framework that was designed to provide con-

tinuing support to people in substance use recovery (Gustafson et al.,

The Comprehensive Health Enhancement Support System (CHESS)
(Gustafson et al., 2002) is an electronic health framework that has
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2011, 2014). With a design consistent with self-determination theory
(Ryan & Deci, 2000), A-CHESS seeks to increase coping competence by
enhancing skills that prevent relapse, enhance social relatedness by
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connecting end-users to sources of social support, and promote autono-
my in managing one's recovery from their addiction. Accordingly, this
mobile health (mHealth) system allows individuals to gain knowledge
and skills, to connect with others who share their struggles, and to set
their own goals and to choose to use some or all of its components
(see Appendix A for a list and description of A-CHESS components)
(McTavish, Chih, Shah, & Gustafson, 2012).

In the A-CHESS randomized controlled trial (n = 349; the study that
produced the secondary data analyzed in the current report), persons
with alcohol use disorders discharged from residential treatment from
one of two nonprofit organizations were assigned to A-CHESS for
8 months or a control condition that only received assessments
(Gustafson et al., 2014). Individuals assigned to receive A-CHESS had
significantly fewer risky drinking days and increased abstinence over
twelve months than those in the control condition. These findings
raise questions about mechanisms that may have helped produced
treatment efficacy. The identification of effective mechanisms is partic-
ularly important in the field of mHealth research, where clinical trials
have generated mixed findings regarding the efficacy of interventions
(Dedert et al., 2015).

Prior analyses of mHealth interventions for addiction and other
health conditions have largely focused on identifying psychological
mechanisms of behavior change that are common in face-to-face inter-
ventions (Dallery, Jarvis, Marsch, & Xie, 2015). For instance, self-efficacy
was found to be a mechanism of change in the A-CHESS trial (Gustafson
et al,, 2014). However, mHealth interventions may have other possible
mechanisms of behavior change beyond traditional psychological
mechanisms. Some have proposed that mHealth interventions may be
best used to strengthen connections between patients and existing
healthcare delivery systems, rather than solely relying on mHealth solu-
tions to produce change on their own (Labrique, Vasudevan, Kochi,
Fabricant, & Mehl, 2013; Mohr, Burns, Schueller, Clarke, & Klinkman,
2013). Thus, one candidate mechanism of change is that technology-
based recovery support interventions such as A-CHESS may encourage
people to seek additional in-person treatment. For instance, in the
case of the A-CHESS trial among individuals discharging from residen-
tial addiction treatment, recovery support features in A-CHESS may
have influenced individuals to seek aftercare in the form of outpatient
treatment or mutual help (e.g., Alcoholics Anonymous or Narcotics
Anonymous).

Aftercare, also known as “step-down” care or continuing care, refers
to addiction treatment received after an initial intensive treatment
phase, such as outpatient care following residential care, and may in-
volve additional support including mutual help programs (McKay,
2005, 2009). Aftercare is a new phase of treatment that may be initiated
to reduce risk of relapse and/or to maintain progress after a relapse oc-
curs. Given that substance use disorders can manifest as chronic condi-
tions, keeping patients engaged in treatment systems is often a
desirable goal (McKay, 2005; McLellan, Lewis, O'Brien, & Kleber,
2000), and systematic reviews suggest that aftercare can improve ad-
diction-related outcomes. The majority of trials investigate aftercare in
outpatient settings, but some have investigated mutual help as a form
of aftercare (Blodgett, Maisel, Fuh, Wilbourne, & Finney, 2014; McKay,
2009). Thus, if mHealth recovery support interventions such as A-
CHESS could facilitate the use of outpatient addiction treatment or mu-
tual help following residential care, this could be a potentially effective
approach to improving patient outcomes. To our knowledge, no studies
have examined whether mHealth interventions could potentially in-
crease the use of services for addiction following residential care, and
additionally, whether this use of additional services would in turn
have an impact on substance use outcomes, helping to explain the
mechanisms of behavior change in terms of reduced risky drinking
and increased abstinence.

The study reported here was a secondary data analysis of the A-
CHESS randomized controlled trial. We estimated the efficacy of A-
CHESS in increasing the utilization of post-discharge addiction services

including outpatient addiction treatment and (separately) mutual
help, and examined the extent to which this use of services mediated
the effect of A-CHESS on the primary study outcome, risky drinking
days, as well as a secondary study outcome, abstinence. We hypothe-
sized that 1) participants assigned to the A-CHESS study arm made
more use of post-discharge addiction services in the year following dis-
charge when compared to controls, 2) the use of post-discharge addic-
tion services was associated with reduced drinking days and increased
abstinence, and 3) the use of post-discharge addiction services mediat-
ed the association of study arm with risky drinking days and abstinence.

2. Method
2.1. Participants and procedures

The A-CHESS randomized controlled trial recruited participants
from five residential addiction treatment programs in two addiction
treatment organizations two weeks before their anticipated date of dis-
charge. Inclusion criteria were: DSM-IV alcohol dependence upon en-
tering residential treatment, age 18 or older, willing to be randomized,
and able to identify two contacts to help reach the participant. Partici-
pants were excluded if information in the medical chart indicated that
they had a significant developmental impairment, cognitive impair-
ment, or vision problems that would limit the ability to use the
smartphone application. A total of 349 adults with alcohol use disorders
were enrolled (91.8% of those approached). A more detailed description
of the participants and procedures can be found in a prior publication
(Gustafson et al., 2014).

2.2. Intervention

Participants were randomized to receive the intervention (A-CHESS)
for eight months or to receive treatment as usual. Intervention group
participants were provided with a smartphone and eight-month service
plan. The smartphone was loaded with the A-CHESS application and
participants were taught how to use it before discharge under counselor
guidance. After this brief training, intervention arm participants were
required to demonstrate a minimal understanding of smartphone use,
text messaging, and basic A-CHESS use; set up an anonymous profile;
and load contact information for two persons who would receive text
messages if the patient pressed the panic button. A research team mem-
ber served as an “A-CHESS coach”, providing intervention group partic-
ipants with regular, empathic outreach, primarily through electronic
discussion board posts. Participants were followed for one year after
randomization and surveys were administered by the research team
in person at baseline and by telephone at four, eight, and 12 months. In-
tervention arm participants kept the smartphone at the end of the
eight-month intervention period and could continue using the A-
CHESS system if they desired, though they had to pay for their own ser-
vice plan or use wireless internet. Prior reports showed that approxi-
mately 80% of participants assigned to the A-CHESS arm continued to
access the system four months after randomization (McTavish et al.,
2012), and 57.6% of participants used A-CHESS at least once in the last
week of the 8-month intervention (Gustafson et al., 2014). Intervention
design, recruitment, and follow-up procedures have been described in
prior publications (Gustafson et al,, 2011, 2014; McTavish et al., 2012).
Appendix A contains descriptions of A-CHESS components.

2.3. Outcome measures

2.3.1. Primary and secondary outcomes

The primary outcome of the A-CHESS trial was risky drinking days,
using the National Institute on Alcohol Abuse and Alcoholism definition
of a standard drink. One item asked patients to report the number of
risky drinking days in the previous 30 days, which were defined as ex-
ceeding 4 standard drinks in a 2-hour period for men or 3 standard
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drinks in a 2-hour period for women. Abstinence was a secondary out-
come, assessed with one item, which we coded as positive for those who
reported consuming 0 drinks in the previous 30 days.

2.3.2. Post-discharge outpatient addiction treatment and mutual help
attendance

We assessed post-discharge outpatient addiction treatment services
by querying the presence of any past-month outpatient addiction treat-
ment versus none at each follow-up (months 4, 8, and 12). The follow-
up survey included a study-specific measure of addiction treatment uti-
lization asking participants, “Have you been back to treatment in the
past month?” followed by the question, “are you going to outpatient
treatment?” To assess mutual help attendance, we relied upon an item
from the Brief Addiction Monitor (Cacciola et al., 2013; Nelson, Young,
& Chapman, 2014) that assessed past-week Alcoholics Anonymous or
Narcotics Anonymous group attendance at each follow-up interview.
The item was phrased, “how many days did you attend self-help meet-
ings like Alcoholics Anonymous or Narcotics Anonymous to support
your recovery?” We coded mutual help attendance as any versus none
in the past week at each interval, dichotomizing this item so the mea-
surement scales of these two service utilization variables would be con-
sistent for the mediation analysis.

24. Covariates

Baseline covariates assessed in patient interviews included
sociodemographic characteristics (age, gender, race), any mental health
problems beyond substance use disorders (yes/no), and lifetime use of
addiction treatment prior to entering residential care (yes/no), given
that these variables may influence both treatment utilization and
study outcomes (Booth, Curran, Han, & Edlund, 2013; Glass, Grant,
Yoon, & Bucholz, 2015; Glass et al., 2010; Ilgen et al., 2011). As a mea-
sure of motivation for treatment, we assessed reasons for entering res-
idential care (treatment sought per own initiative, family/friend
pressures, employer pressures, court referral, family services referral;
each reason was coded as yes/no).

2.5. Statistical analysis

2.5.1. Descriptive statistics

We described the sample by calculating means and standard devia-
tions for continuous variables and totals and proportions for categorical
variables, using Stata 14.0 (StataCorp, 2015).

2.5.2. Main effects analysis

To estimate the association of study arm with risky drinking days,
we used a log-linear mixed effects Poisson model for count data with
time nested within persons, and we used a logistic model when estimat-
ing the dichotomous outcomes of post-discharge outpatient addiction
treatment, mutual help, and abstinence. Study arm, time (with values
corresponding to interview month), recruitment site, and all covariates
were modeled as fixed effects, with a random intercept for subjects.

2.5.3. Mediation analysis

Conceptually, mediation models seek to explain the extent to which
causal relationships between independent variables and their outcomes
occur through intervening variables (MacKinnon, 2008). Modern statis-
tical methods for mediation analysis include the ability to estimate an
“indirect effect” that quantifies the extent to which a change in an inde-
pendent variable affects a change in the dependent variable specifically
through its influence on a mediating variable (MacKinnon, 2008).

We sought to identify whether and how much post-discharge ser-
vices for addiction, including outpatient addiction treatment and mutu-
al help, were each responsible for the effects of the A-CHESS
intervention on two study outcomes, risky drinking days and absti-
nence. We used Mplus 7.4 for the mediation analyses (Muthén &

Muthén, 1998) which used a log-linear model for risky drinking days,
and a logistic model for abstinence. With the maximum likelihood ro-
bust estimator, we modeled these outcomes as a function of post-dis-
charge service utilization (outpatient addiction treatment and mutual
help) and study arm. We used mixed effects models with time nested
within persons to accommodate the longitudinal design and adjusted
for all covariates in the analyses.

To calculate the indirect effect, we used the product of coefficients
approach, which multiplies coefficients “a” (the effect of study arm on
each subject's mean service utilization across study periods) and “b”
(the between-person association of each subject's mean service utiliza-
tion with drinking days or abstinence) (MacKinnon, 2008). Preacher,
Zyphur, and Zhang (2010) demonstrate that between-person differ-
ences (e.g., differences in mean service utilization), rather than with-
in-person differences (e.g., deviations from the mean), must be
modeled in mediation analyses of randomized controlled trials; the in-
dependent variable (study arm) varies at the participant-level but
stays constant over time, thus assignment to study arm must have an ef-
fect at the participant-level. Therefore, we estimated separate between-
and within-person coefficients by modeling both the participant-level
mean of service utilization and time-specific deviations from the partic-
ipant-level mean (Begg & Parides, 2003). This approach in testing medi-
ation has been deemed the “unconflated multilevel model” (Preacher et
al., 2010). We estimated separate models for each outcome, because ab-
stinence from alcohol would preclude risky drinking. Fig. 1 contains a
path diagram and Appendix B contains the system of equations for the
mediation model (MacKinnon, 2008).

We compared the results of two approaches, the first using concur-
rent measurements of service utilization and the outcome variable
(both service utilization and outcome measurements at 4, 8, and
12 months), and the second using lagged measurements (service utili-
zation at 4 and 8 months and outcome measurements at 8 and
12 months). For a measure of effect size, we transformed the indirect ef-
fect to estimate the percent change in the expected number of risky
drinking days or the percent change in the probability of abstinence, at-
tributed to the effect of A-CHESS operating through post-discharge ser-
vice utilization (Long, 1997). We also used these calculations to
estimate the ratio of the mediated effect of A-CHESS (through post-dis-
charge addiction services) to the total effect of A-CHESS (the mediated
effect plus the direct effect) (Preacher & Kelley, 2011).

3. Results
3.1. Sample characteristics

Table 1 contains descriptive statistics for the analytic sample. Partic-
ipants were 80.2% White, 39.3% female, and had a mean age of
38.3 years. About 50.5% of participants reported past-month outpatient
addiction treatment at any follow-up (36.0% at month 4, 23.9% at month
8, and 19.9% at month 12) and 75.5% reported past-week mutual help
attendance at any follow-up (60.1% at month 4, 60.1% at month 8, and
57.7% at month 12) (see Table 2). Participants who reported past-
month outpatient addiction treatment at any follow-up were more like-
ly than those who did not to be male or to enter residential care because
of a court referral (not shown). Those who reported past-week mutual
help at any follow-up period were more likely than those who did not
to have a history of attending addiction treatment prior to entering res-
idential care (not shown).

3.2. Main effects analysis

Table 3 contains results of mixed effects models estimating the asso-
ciation of study arm with post-discharge service utilization, risky drink-
ing days, and abstinence. Participants in the A-CHESS arm had increased
odds of obtaining outpatient addiction treatment (OR = 2.14, 95% Cl =
1.27-3.61), but not mutual help, compared to those in the control arm
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Fig. 1. Path diagram for the analyses examining the mediation of the intervention effect on alcohol outcomes through post-discharge outpatient addiction treatment and mutual help.
Mediation was examined with the product of coefficients approach (e.g., a;-b;). Tables 4 and 5 contain corresponding estimates from this figure computed with Mplus. Appendix B

contains the system of equations underlying this path diagram.

when examining the intervention effect over all follow-up periods com-
bined. Assignment to the A-CHESS intervention was associated with re-
duced risking drinking days and increased abstinence over time, which
has been reported previously (Gustafson et al,, 2014).

Looking within follow-up periods, the odds of outpatient addiction
treatment utilization were significantly higher among A-CHESS partici-
pants than controls at months eight (OR = 1.96, 95% CI = 1.09-3.52)
and 12 (OR = 2.16, 95% CI = 1.13-4.12), but not month four (OR =
1.53 95% CI = 0.93-2.52) (Table 3). The odds of mutual help were sig-
nificantly higher in the A-CHESS group than in controls at month 12
(OR = 2.00, 95% CI = 1.16-3.44), but not at months four (OR = 1.39,
95% CI = 0.81-2.37) or eight (OR = 1.47, 95% CI = 0.85-2.55). Rates
of outpatient addiction treatment at each follow-up were approximate-
ly 9-11 percentage points higher in the A-CHESS arm than in the control
arm (e.g., 40.4% vs. 31.6% at month four; Table 2). Rates of mutual help
at month 12 were approximately 13.6 percentage points higher in the
A-CHESS arm than in the control arm. Appendix C shows that for both
study arms, and in particular, the A-CHESS arm, the majority of

outpatient addiction treatment and mutual help received at months 8
and 12 was among participants who had received those services at
month 4.

3.3. Mediation analysis

3.3.1. Risky drinking days

Table 4 contains estimates for the mediation analyses examining the
outcome of risky drinking days computed in Mplus for both concurrent
and lagged (services at four and eight months and risky drinking days at
eight and 12 months) associations. There was a statistically significant
association of study arm with both post-discharge outpatient addiction
treatment and risky drinking days, but not with mutual help, which was
consistent with the main effects analysis presented above. Both the
lagged and concurrent associations were consistent, supporting the ro-
bustness of these results.

Post-discharge outpatient addiction treatment mediated the associ-
ation of study arm with risky drinking days, as indicated by the

Table 1
Characteristics of participants enrolled in the A-CHESS trial (n = 349).
Overall A-CHESS Controls
M (SD) or N (%) F(df),p
Age 38.3(104) 38.3(9.5) 384 (11.2) 0.0 (1), p = 0.927
Female 137 (39.3%) 67 (39.4%) 70 (39.1%) 0.0 (1), p =0.953
Race 0.2 (2),p=0.893
African American 45 (12.9%) 21 (12.4%) 24 (13.4%)
Other 11 (3.2%) 6 (3.5%) 5(2.8%)
White 293 (84.0%) 143 (84.1%) 150 (83.8%)
Prior addiction treatment 267 (76.5%) 130 (76.5%) 137 (76.5%) 0.0, (1), p =0.988
Began residential treatment due to:
Family pressure 120 (34.4%) 56 (33.0%) 64 (35.8%) 0.3 (1), p = 0.580
Employer pressure 28 (8.0%) 8 (4.7%) 20 (11.2%) 5(1),p = 0.026
Court referral 72 (20.6%) 37 (21.8%) 35 (19.6%) 0.3 (1),p=0.610
Children or family services referral 27 (7.7%) 15 (8.8%) 12 (6.7%) 0.5(1),p=0.459
Own initiative 329 (94.3%) 161 (94.7%) 168 (93.9%) 0.1 (1),p=0.732
Past-month risky drinking days® 2.0 (5.8) 1.3 (4.5) 2.7 (6.7) 8.7 (1), p=0.003
Past-month abstinence” 250 (89.6%) 127 (93.4%) 123 (86.0%) 4.1 (1),p = 0.044
Post-discharge outpatient addiction treatment® 141 (50.5%) 79 (58.1%) 62 (43.4%) 6.1(1),p=0.014
Post-discharge mutual help® 210 (75.5%) 108 (79.4%) 102 (71.8%) 22 (1),p=0.142

F statistics were calculated with a Pearson chi-square test for categorical variables and Wald tests for continuous variables.

# Mean risky drinking days across follow-ups are reported.

" The presence of abstinence, outpatient addiction treatment, and mutual help at any follow-up is reported.
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Table 2
Rates of post-discharge outpatient addiction treatment and mutual help at each follow-up overall and within study arms.
Outpatient addiction treatment Mutual help
Month 4 Month 8 Month 12 Month 4 Month 8 Month 12
n =311 n =297 n =281 n =298 n =288 n=279
% (n) receiving treatment
Overall 36.0% (112) 23.9% (71) 19.9% (56) 60.1% (179) 60.1% (173) 57.7% (161)
A-CHESS arm (n = 156) 40.4% (63) 29.5% (43) 25.7% (35) 63.2% (96) 63.6% (91) 64.7% (88)
Control arm (n = 155) 31.6% (49) 18.5% (28) 14.5% (21) 56.9% (83) 56.6% (82) 51.1% (73)

Proportions were among participants with complete data within each follow-up interview.

statistically significant indirect effect. Mutual help did not mediate an
association between study arm and risky drinking days. The magnitude
of the mediated effect through outpatient addiction treatment, which
was based on a transformation of the indirect effect to the scale of the
dependent variable (expected number of risky drinking days), is sum-
marized as follows. A-CHESS, operating through post-discharge outpa-
tient addiction treatment, was associated with an 11.3% (95% Cl =
1.33-21.3) decrease in risky drinking days. To put this value in context,
we also transformed the direct effect (the ¢’ path, which was adjusted
for treatment utilization, Fig. 1). The transformed direct effect indicated
that A-CHESS independently decreased the expected number of risky
drinking days by 45.2% (95% Cl = 21.4-76.5). These estimates are on
the same scale, and thus, the ratio of the mediated effect of A-CHESS
through post-discharge outpatient addiction treatment (11%) to the
total effect of A-CHESS (56%, including the direct and indirect effect)
was approximately 19.6% (Preacher & Kelley, 2011). We note that the
indirect effect was statistically significant when examining concurrent
associations; however, the indirect effect for the lagged associations
approached but did not achieve statistical significance (p = 0.094).

3.3.2. Abstinence

Table 5 contains estimates for the mediation analyses examining the
outcome of abstinence computed in Mplus for both concurrent and
lagged (services at four and eight months and abstinence at eight and
12 months) associations. There was a statistically significant association
of study arm with both post-discharge outpatient addiction treatment
and abstinence, but not mutual help, which was consistent with the
main effects analysis. The concurrent and lagged associations between
mutual help and abstinence were statistically significant. Outpatient ad-
diction treatment was not significantly associated with abstinence. The
indirect effects were not statistically significant, indicating that for the
outcome of abstinence, mediation did not occur through outpatient ad-
diction treatment or mutual help.

Table 3

The association of study arm in the A-CHESS trial with outcomes over 12 months (n = 349).

4. Discussion

The primary purpose of this study was to investigate the use of post-
discharge addiction services as a potential mechanism of behavior
change in A-CHESS, an efficacious mHealth intervention for alcohol
use disorder for patients leaving residential treatment. A-CHESS in-
creased the odds of outpatient addiction treatment, and the use of
these treatment services was associated with reduced risky drinking
days. Mediation analyses indicated that the use of post-discharge outpa-
tient addiction treatment mediated some of the effect that A-CHESS had
on risky drinking days. A-CHESS's effect on risky drinking specifically
through outpatient addiction treatment was equivalent to an 11% de-
crease in the expected number of risky drinking days across follow-
ups. This reduction was approximately one-fifth of the total effect of
A-CHESS on risky drinking days. In contrast, mutual help did not medi-
ate the effects of A-CHESS on risky drinking days, and the effect of A-
CHESS on mutual help services was present only at month 12. While
A-CHESS increased abstinence, neither outpatient treatment nor mutual
help mediated the effects of the A-CHESS intervention on abstinence.

Mediation analysis is an important first step in identifying possible
mechanisms through which interventions may exert their effects, in
order to inform future intervention development (Kazdin, 2007). Per
these analyses, A-CHESS was efficacious in reducing risky drinking inde-
pendent of participants' outpatient treatment utilization, and A-CHESS
promoted the use of outpatient treatment following discharge from res-
idential care, which may have further reduced risky drinking. This study
is unique in its attempts to quantify the extent to which an mHealth
intervention may produce changes in individuals' interactions
with the environment—in particular, interactions with treatment
systems—which may in turn lead to improved outcomes.

Most of those who received addiction treatment during the latter
follow-up periods had already received treatment by month 4, and
those who received the A-CHESS intervention were more likely to

Dependent variable

Post-discharge outpatient

addiction treatment help

Post-discharge mutual

Risky drinking days Abstinence

Effect 0Odds ratio (95% p QOdds ratio (95% p Incidence rate ratio (95% p 0Odds ratio (95% p
) fe)) ) an
Overall intervention effect (all follow-up 2.14 (1.27-3.61) 0.004 2.06 (0.96-4.37) 0.061 0.47 (0.25-0.90) 0.023  1.99 (1.08-3.65) 0.025
periods)?
Time effect (interview month) 0.86 (0.81-091)  <0.001 0.96 (0.90-1.02) 0271 0.98 (0.96-0.99) 0.006 1.01(0.95-1.07)  0.083
Intervention effect at each follow-up period”
Month 4 1.53(0.93-2.52)  0.091 1.39(0.81-2.37) 0231 0.55 (0.47-0.65) <0.001 1.45(0.86-2.45) 0.161
Month 8 1.96 (1.09-3.52) 0.024 1.47 (0.85-2.55) 0.165 0.55 (0.46-0.65) <0.001 1.76 (1.01-2.95) 0.046
Month 12 2.16 (1.13-4.12) 0.019 2.00 (1.16-3.44) 0.013 042 (0.34-0.51) <0.001 1.87 (1.07-3.29) 0.028

Bolded values are statistically significant (p < 0.05). Models controlled for treatment site, interview month, sociodemographic characteristics, any mental health problems, lifetime addic-

tion treatment prior to entering residential care, and reasons for entering treatment.
@ All available data were analyzed with mixed effects regression.

b Analyses within follow-up periods included participants with complete data at the time point of interest (for post-discharge outpatient addiction treatment, n = 311 at month 4, n = 297
at month 8, and n = 281 at month 12; for mutual help, n = 298 at month 4, n = 288 at month 8, and n = 279 at month 12; for risky drinking days, n = 314 at month 4, n = 297 at month 8, and
n = 281 at month 12; for abstinence, n = 311 at month 4, n = 297 at month 8, and n = 281 at month 12).
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Table 4

Post-discharge outpatient addiction treatment and mutual help as mediators of the association between study arm and risky drinking days in the A-CHESS trial (n = 349).

Dependent variable

Post-discharge
outpatient addiction
treatment (mediator)

Mutual help (mediator)

Risky drinking days (outcome) Indirect effect

b (95% CI) p

b (95% CI)

p b (95% CI) p b (95% CI) p

Independent variable

Concurrent associations - b (95% CI)

A-CHESS (study arm) 0.11 (0.04-0.17)
Post-discharge outpatient addiction treatment - - -
Post-discharge mutual help - - -

0.002 0.07 (—0.01-0.15) 0.101

—0.60 (—1.04-—0.17) 0.007 - -
—0.12 (—0.24-—0.01) 0.035
—0.01(—022-—0.03) 0.119

- —1.16 (—1.85-—041) 0.002
- —1.43(—2.03-—0.83) <0.001

Lagged associations - b (95% CI)

A-CHESS (study arm) 0.10 (0.02-0.18)
Post-discharge outpatient addiction treatment - - -
Post-discharge mutual help - - -

0.018 0.08 (—0.05-0.17) 0.064

—0.63 (—1.17-—0.09) 0.021 - -
—0.13 (—0.27-0.01) 0.071
—0.12 (—0.27-0.02) 0.094

- —1.34 (—2.22-—045) 0.003
- —1.49 (—2.19-—0.79) <0.001

Coefficients are displayed from Mplus models computed with the maximum likelihood robust estimator. Linear regression coefficients are shown for post-discharge outpatient addiction
treatment and mutual help (the dependent variable was the person-level mean of service use across follow-up periods) and Poisson regression coefficients are displayed for risky drinking
days. Bolded values are statistically significant (p < 0.05). Models controlled for treatment site, interview month, age, gender, race, presence of mental health problems, prior addiction
treatment, reasons for entering treatment, and within-person changes in service utilization. Race was dichotomized to White vs. Other (collapsing African American and other categories)
due to empty bivariate cells. Within-person estimates for the associations between service use and risky drinking days are provided in Appendix D.

receive treatment in the latter follow-up periods. This could indicate
that A-CHESS facilitates sustained engagement in aftercare. The A-
CHESS trial had a relatively lengthy intervention period (8 months),
which could have helped sustain participants' use of additional treat-
ment. Aftercare is an important part of the addiction treatment contin-
uum that may lead to improved addiction-related outcomes (Blodgett
et al., 2014; McKay, 2005, 2009). We note that although approximately
20% of the total effect of A-CHESS on risky drinking days appeared to be
through outpatient treatment, A-CHESS was not specifically designed to
facilitate the use of outpatient treatment. Thus, mHealth intervention
researchers may wish to evaluate ways to facilitate ongoing care inten-
tionally, perhaps by helping patients navigate treatment choices and
overcome barriers to treatment.

There are a number of explanations for how an mHealth recovery sup-
port intervention like A-CHESS could increase the use of outpatient treat-
ment when provided to individuals leaving residential treatment. A-
CHESS components were designed to be available anytime and anywhere,
increasing the chance that participants could obtain encouragement and
support to enter treatment during critical moments in which they desire
this type of assistance. For instance, the Discussions component allows
users to post and respond to electronic messages as a way to provide
and obtain social support, which could increase recovery-promoting

Table 5

behaviors, including participation in aftercare or entrance into a new ep-
isode of care. Pressing a Panic Button can connect users to friends, family,
or other sources of support, who may advocate for more treatment, and
the A-CHESS coach encouraged participants to reach out to others when
in need of support. Several other components (e.g., Recovery Info, Our
Stories) provide information resources related to the benefits of treat-
ment, which could also promote interest in aftercare. In addition, the gen-
eral focus on enhancing recovery in all functions of A-CHESS may
motivate individuals to seek out additional support via treatment ser-
vices. It is unknown whether the effect of mHealth on treatment utiliza-
tion will generalize across studies of mHealth interventions or this effect
is specific to some aspect of the A-CHESS design.

While it is useful to theorize about which specific aspects of A-CHESS
may have led to increased use of post-discharge outpatient addiction
treatment, this topic needs rigorous study in several areas before testing
this association empirically. First, approaches to measuring mHealth use
need further conceptualization and validation. Researchers can analyze
mHealth log files to measure how much participants used specific com-
ponents, but the optimal approach to operationalizing these data for re-
gression analyses remain unknown. What constitutes meaningful use of
a component? Do you measure all “hits” or uses of a component, or is
there specific content within each component that matters the most?

Post-discharge outpatient addiction treatment and mutual help as mediators of the association between study arm and past-month abstinence in the A-CHESS trial (n = 349).

Dependent variable

Post-discharge outpatient
addiction treatment
(mediator)

Mutual help (mediator)

Abstinence (outcome) Indirect effect

b (95% CI) p

b (95% CI)

p b (95% CI) p b (95% CI) p

Independent variable

Concurrent associations - b (95% CI)

A-CHESS (study arm) 0.11 (0.04-0.20)  0.002
Post-discharge outpatient addiction treatment - - -
Post-discharge mutual help - - -

0.07 (—0.01-0.15)  0.101

0.64 (0.20-1.26) 0043 - -
0.09 (—0.04-021)  0.168
0.13 (—0.04-031) 0.135

- 0.81 (—0.18-1.80) 0.108
- 1.93 (1.02-2.85) <0.001

Lagged associations - b (95% CI)

A-CHESS (study arm) 0.10 (0.02-0.18)  0.018
Post-discharge outpatient addiction treatment - - -
Post-discharge mutual help - - -

0.08 (—0.01-1.71)  0.064

0.85 (0.09-1.60) 0027 - -
0.06 (—0.05-1.69)  0.287
0.16 (—0.04-035)  0.120

- 079 (—034-—1.92)  0.169
- 1.87 (0.83-2.92) <0.001

Coefficients are displayed from Mplus models computed with the maximum likelihood robust estimator. Linear regression coefficients are shown for post-discharge outpatient addiction treat-
ment and mutual help (the dependent variable was the person-level mean of service use across follow-up periods) and probit regression coefficients are displayed for abstinence. Bolded values
are statistically significant (p < 0.05). Models controlled for treatment site, interview month, age, gender, race, presence of mental health problems, prior addiction treatment, reasons for en-
tering treatment, and within-person changes in service utilization. Race was dichotomized to White vs. Other (collapsing African American and other categories) due to empty bivariate cells.
Within-person estimates for the associations between service use and abstinence are provided in Appendix E.
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Do you measure the number of days participants used a component, the
number of times participants used a component, or the number of mi-
nutes spent using a component? We are currently executing a project
to explore such questions. Second, what analytic techniques are best
suited to establish a causal link between mHealth component use and
subsequent outcomes? A-CHESS was developed under the principle of
self-determination theory, specifically competence, relatedness, and au-
tonomy, whereby users select what information they consume, interac-
tions they explore, and components they utilize. Thus, associations
between component use and outcomes would be highly confounded
by self-selection. Factorial experiments that randomize individuals to
mHealth components would be better suited to answering questions
about what components produce treatment efficacy (Collins, Dziak,
Kugler, & Trail, 2014; McClure et al.,, 2014).

Several specific findings in the current study warrant further com-
ment. While A-CHESS increased abstinence, it did not have an overall ef-
fect on mutual help across all follow-ups (only increasing mutual help at
month 12), and thus mutual help attendance did not mediate the effect
of A-CHESS. However, most participants used mutual help services (e.g.,
60.1% in the past week at month four). Perhaps, the majority of the sam-
ple may have already realized improvements owing to mutual help par-
ticipation, independent of their A-CHESS involvement. This high
prevalence of mutual help as compared to outpatient treatment
(30.6% used outpatient treatment in the past month at month 4) may
suggest that some residential treatment programs may emphasize mu-
tual help attendance for aftercare more than formal treatment. Howev-
er, in the current study, mutual help program attendance following
discharge from residential care was associated with an increased odds
of abstinence. This lends additional support to the notion that mutual
help attendance should be encouraged among individuals discharging
from formal treatment as a means to support abstinence and long-
term recovery (Kelly & Yeterian, 2011), and thus, both mutual help
and outpatient treatment attendance should perhaps be encouraged
when discharging from higher levels of care.

When examining mediation through outpatient addiction treatment,
mediation was present when analyzing concurrent relationships between
aftercare utilization and risky drinking days, but not when examining
lagged relationships. In the lagged analyses, the mediation effect only
approached statistical significance. Perhaps, other mechanisms of behav-
ior change in A-CHESS may better explain the system's sustained out-
comes, such as increases in abstinence self-efficacy, which has been
identified as a mechanism of change in prior research on A-CHESS
(Gustafson et al,, 2014). However, it is important to consider that the as-
sessment intervals for outpatient treatment were long (4 months in be-
tween assessments), and may have been too long to detect a lagged
relationship. Moreover, we did not find mediation when examining the
outcome of abstinence. Rates of abstinence were high (and conversely,
rates of risky drinking were low) across follow-up periods, which could
suggest a possible floor effect (e.g., patients underestimating their drink-
ing, or a sample of patients who were largely successful in reducing their
drinking), which could have made it more difficult to detect a mediation
effect as well as a stronger intervention effect. Finally, although outpatient
addiction treatment mediated a notable proportion (20%) of A-CHESS's
total effect on risky drinking days, this also suggests that the majority of
A-CHESS's effects on risky drinking can be attributed to other factors. It
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remains important for mHealth interventions to continue to target
established psychological mechanisms of change in mHealth interven-
tions, such as self-efficacy (Dallery et al., 2015).

4.1. Limitations

We randomly assigned participants to study arms; however, the uti-
lization of post-discharge outpatient addiction treatment and mutual
help involved self-selection, which could introduce bias into the media-
tion analysis. Measures assessing risky drinking days, abstinence, and
treatment utilization were not from comprehensive validated instru-
ments, and we did not assess a broad range of services such as inpatient
treatment. We opted to use single items to reduce participant burden,
but measurement properties are unknown, which makes the findings
harder to replicate. We measured the use of services, but not the
amount of treatment use (e.g., number of outpatient sessions), which
may be important to consider in future studies. While outpatient addic-
tion treatment could have occurred in the past month at each follow-up
period, we assessed mutual help attendance in the past-week using an
item from a different measure to avoid duplicate questions. All mea-
sures relied upon self-report; the trial did not obtain objective measures
of the outcomes (e.g., breathalyzers, medical records), though we note
that several studies have found self-report to have good concordance
with objective measures (Babor, Brown, & del Boca, 1990; Glass &
Bucholz, 2011; Hesselbrock, Babor, Hesselbrock, Meyer, & Workman,
1983; Killeen, Brady, Gold, Tyson, & Simpson, 2004 ). While the analyses
reduced threats to validity by exploiting the longitudinal design (Begg &
Parides, 2003) and by controlling for reasons for initially entering resi-
dential treatment, threats to causal inference remain and interpreta-
tions should not be causal in nature. We may have also missed
fluctuations in the predictors or outcomes due to the relatively long fol-
low-up intervals, and because some follow-up interviews did not occur
strictly at the four-month interview marks. While participants were
randomized to study conditions, and while study procedures included
asking counselors at the residential treatment agencies to provide care
for all participants as they normally would, study arm could not be
masked, making it possible that more attention was given to interven-
tion arm participants. Rates of risky drinking were low, which could
have resulted in zero-inflated distributions for the count outcome. Vio-
lation of assumptions for linear models can introduce bias. The analyses
adjusted for differences in participants' use of addiction treatment prior
to entering residential treatment, but our surveys did not assess use of
mutual help prior to entering residential treatment.

4.2. Conclusions

Advancing knowledge about mechanisms of behavior change in
mHealth interventions is a critical step towards understanding how to
best leverage these new technologies. Recently, there has been an in-
creasing availability of mHealth applications, making it especially im-
portant to identify effective principles so that investigators can apply
these broadly. Future clinical trials should investigate mHealth inter-
vention components that could facilitate the linkage of participants to
needed treatment services and promote the sustained use of these
services.

Brief descriptions of the Addiction-Comprehensive Health Enhancement Support System (A-CHESS) components.

Component Brief description

My Profile A central location allowing the user to establish a recovery identity. Limited personal information can be displayed, a user can upload photos, and a
sobriety counter (days of abstinence) is shown.

My Messages A means to send private messages to other A-CHESS users.

(continued on next page)
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Component Brief description

Team Feed A chronological list of what's been going on with other members of the Support Team. Items in the list include new pictures that have been posted and
new discussion group topics.

Support Team Support Team allows users to look over the profiles of other A-CHESS users recruited from the same residential treatment organization. They can look at

Discussions
Meetings
Panic Button

Ask An Expert
Events

Recovery Info
News

Our Stories
Recovery Podcasts
Easing Distress
Weekly Check-Ins

pictures, share information about interests, and links are provided to send private messages to each other.

Users can exchange emotional support and information with other patients via online bulletin-board support groups.

Provides time, place, date and directions to meetings (e.g., Alcoholics Anonymous, Narcotics Anonymous) in the area.

Provides in-the-moment support to help prevent a relapse. When pressed, alerts are issued to key self-identified people that help is needed, the user is
presented with their own personal motivations for not drinking, and specific tools are presented to help the user deal with urges.

Users can pose questions and receive personal responses from experts in addiction.

A source to learn about healthy substance-free events taking place nearby.

Provides access to knowledge about addiction and recovery through resources such as recovery articles and links to external websites.

Provides brief summaries of recent news articles and research about addiction and provides a link to the actual article.

Audio, video or text accounts of individual and family members in recovery.

Provides access to podcasts including Alcoholics Anonymous speaker recordings and addiction talk shows.

A program with a designed based on cognitive-behavioral therapy to help people cope with harmful thoughts that can lead to relapse.

A brief survey to monitor negative affect, lifestyle balance, and substance use. Data is made available to counselors, who may be automatically notified if a
score reaches a pre-set threshold.

My Settings Allows for the customization of various A-CHESS components to facilitate autonomy in how users interact with the system.
Daily Check-Ins A brief survey asking participants if they think they can make it through the day.
Tutorials Tutorials provide online assistance on how to use A-CHESS.

Appendix B

Fig. B.1The system of equations underlying the mediation models. Preacher, Zyphur, and Zhang (2010) have named this approach the “unconflated
multilevel model” implemented within a multilevel structural equation model framework. Note: RDD = risky drinking days, OP = post-discharge
outpatient addiction treatment. An analogous approach was used for the outcome of abstinence and for the mediator of mutual help attendance.

boi = Bo + Yv1Study Arm;; + y,OP; + «i

Wi = Y10 + Yllstudy Armi + 61i

;1 in this figure corresponds to path ¢’ in Fig. 1.
- in this figure corresponds to path by in Fig. 1.
Y11 in this figure corresponds to path a; in Fig. 1.

Appendix C
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Rates of post-discharge outpatient addiction treatment and mutual help within study arms. Supplemental data are provided showing rates of service receipt at months 8 and 12, stratified
by the receipt of services at month 4.

Outpatient addiction treatment Mutual help

Month 4 Month 8 Month 12 Month 4 Month 8 Month 12

Sample size at each follow-up period

% (n) receiving treatment
Among all participants n=311 n =297 n =281 n =298 n =288 n=279
Overall 36.0% (112) 23.9% (71) 19.9% (56) 60.1% (179) 60.1% (173) 57.7% (161)
A-CHESS arm (n = 156) 40.4% (63) 29.5% (43) 25.7% (35) 63.2% (96) 63.6% (91) 64.7% (88)
Control arm (n = 155) 31.6% (49) 18.5% (28) 14.5% (21) 56.9% (83) 56.6% (82) 51.1% (73)
Among those receiving the service at month 4 n=112 n =109 n=103 n=179 n=162 n =160
Overall - 42.2% (46) 28.2% (29) - 82.7% (134) 77.5% (124)
A-CHESS arm - 48.3% (29) 34.5% (20) - 86.4% (76) 82.6% (71)
Control arm - 34.7% (17) 20% (9) - 78.4% (58) 71.5% (53)
Among those not receiving the service at month 4 n=199 n=184 n=176 n=119 n=112 n =107
Overall - 13.0% (24) 15.34% (27) - 25.9% (29) 26.2% (28)
A-CHESS arm - 16.3% (14) 19.2% (15) - 21.6% (11) 28.3% (13)

Control arm

- 10.2% (10) 12.2% (12) - 29.5% (18) 25.6% (15)

Proportions were calculated overall and within study arm among participants with complete data within each follow-up interview.
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Appendix D

Table D.1
Post-discharge outpatient addiction treatment and mutual help as mediators of the association between study arm and risky drinking days in the A-CHESS trial (n = 349). This supplement
includes within-person estimates, which were omitted from manuscript Table 4 for brevity.

Dependent variable

Post-discharge Post-discharge mutual Risky drinking days (outcome) Indirect effect

outpatient addiction help (mediator)

treatment (mediator)

b (95% CI) p b (95% CI) p b (95% CI) p b (95% CI) p
Independent variable Concurrent associations - b (95% CI)
Between-person associations
A-CHESS (study arm) 0.11 (0.04-0.17) 0.002 0.07 (—0.01-0.15) 0.101 —0.60(—1.04-—0.17) 0.007 - -
Post-discharge outpatient addiction treatment - - - - —1.16 (—1.85-—0.41) 0.002 —0.12 (—0.24-—0.01) 0.035
Post-discharge mutual help - - - - —1.43(—2.03-—-0.83) <0.001 —0.01(—0.22-—0.03) 0.119
Within-person associations
Post-discharge outpatient addiction treatment - - - - —1.16 (—1.97-—035) 0.005 - -
Post-discharge mutual help - - - - —1.48 (—2.19--0.76) <0.001 - -

Lagged associations - b (95% CI)

Between-person associations

A-CHESS (study arm) 0.10 (0.02-0.18) 0.018 0.08 (__0.05-0.17) 0.064 —0.63(—1.17-—0.09) 0.021 - -
Post-discharge outpatient addiction treatment - - - - —1.34 (—2.22-—-045) 0.003 —0.13 (—0.27-0.01) 0.071
Post-discharge mutual help - - - - —1.49 (—2.19--0.79) <0.001 —0.12(—0.27-0.02) 0.094
Within-person associations

Post-discharge outpatient addiction treatment - - - - —1.34(—2.23--045) 0.003 - -
Post-discharge mutual help - - - - —0.70 (—1.60-—0.25) 0.154 - -

Coefficients are displayed from Mplus models computed with the maximum likelihood robust estimator. Linear regression coefficients are shown for post-discharge outpatient addiction
treatment and mutual help (the dependent variable was the person-level mean of service use follow-up periods) and Poisson regression coefficients are displayed for risky drinking days.
Bolded values are statistically significant (p < 0.05). Models controlled for treatment site, interview month, age, gender, race, presence of mental health problems, prior addiction treat-
ment, and reasons for entering treatment. Race was dichotomized to White vs. Other (collapsing African American and other categories) due to empty bivariate cells. The multilevel struc-
tural equation model provided separate estimates for between-person estimates (i.e., person-level means of risky drinking days and addiction treatment or mutual help) and within-
person estimates (i.e., within-person observations of risky drinking days and group-mean centered addiction treatment or mutual help). Between-person estimates were used to calculate
the indirect effects. Within-person estimates are shown for completeness.

Appendix E

Table E.1
Post-discharge outpatient addiction treatment and mutual help as mediators of the association between study arm and past-month abstinence in the A-CHESS trial (n = 349). This sup-
plement includes within-person estimates, which were omitted from manuscript Table 5 for brevity.

Dependent variable

Post-discharge outpatient ~ Post-discharge mutual help ~ Abstinence (Outcome) Indirect effect

addiction treatment (Mediator)

(Mediator)

b (95% Cl) p b (95% Cl) p b (95% CI) p b (95% Cl) p
Independent variable Concurrent associations - b (95% CI)
Between-person associations
A-CHESS (study arm) 0.11 (0.04-0.20) 0.002 0.07 (—0.01-0.15) 0.101  0.64 (0.20-1.26) 0.043 - -
Post-discharge outpatient addiction treatment - - - - 0.81 (—0.18-1.80) 0.108 0.09 (—0.04-0.21) 0.168
Post-discharge mutual help - - - - 1.93 (1.02-2.85) <0.001 0.13(—0.04-0.31) 0.135
Within-person associations
Post-discharge outpatient addiction treatment - - - - 0.97 (0.24-1.71) 0.010 - -
Post-discharge mutual help - - - - 1.52 (0.74-2.31) <0.001 - -

Lagged associations - b (95% CI)

Between-person associations
A-CHESS (study arm) 0.10 (0.02-0.18) 0.018 0.08 (—0.01-1.71) 0.064  0.85 (0.09-1.60) 0.027 - -
Post-discharge outpatient addiction treatment = - - - - 0.79 (—0.34-—1.92) 0.169 0.06 (—0.05-1.69) 0.287

Post-discharge mutual help - - - - 1.87 (0.83-2.92) <0.001 0.16 (—0.04-0.35) 0.120
Within-person associations

Post-discharge outpatient addiction treatment - - - - 0.58 (__0.38-__1.54) 0.239 - -
Post-discharge mutual help - - - - 0.95 (0.10-1.80) 0.029 - -

Coefficients are displayed from Mplus models computed with the maximum likelihood robust estimator. Linear regression coefficients are shown for post-discharge outpatient addiction
treatment and mutual help (the dependent variable was the person-level mean of service use across follow-up periods) and probit regression coefficients are displayed for abstinence.
Bolded values are statistically significant (p < 0.05). Models controlled for treatment site, interview month, age, gender, race, presence of mental health problems, prior addiction treat-
ment, and reasons for entering treatment. Race was dichotomized to White vs. Other (collapsing African American and other categories) due to empty bivariate cells. The multilevel struc-
tural equation model provided separate estimates for between-person estimates (i.e., person-level means of abstinence and addiction treatment or mutual help) and within-person
estimates (i.e., within-person observations of abstinence and group-mean centered addiction treatment or mutual help). Between-person estimates were used to calculate the indirect
effects. Within-person estimates are shown for completeness.
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