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Abstract

IMPORTANCE Substance use disorders are associated with high rates of emergency department
(ED) use and challenges engaging with primary care services.

OBJECTIVE To examine 5-year health care engagement and utilization outcomes for participants in
the LINKAGE trial, given previously reported associations of LINKAGE with improved care
engagement in the short term.

DESIGN, SETTING, AND PARTICIPANTS In this post hoc analysis of a nonrandomized controlled
trial, participants were assigned to the LINKAGE or usual care (UC) groups using a nonrandomized
3-month alternating off and on strategy over 30 months. Baseline through 5-year follow-up data
were collected from April 2011 to October 2018. The trial was conducted at an urban outpatient
addiction treatment clinic within a large health system among patients newly enrolled in addiction
treatment. Data analysis was conducted from April 2021 to February 2022.

INTERVENTION The LINKAGE intervention included 6 group-based sessions emphasizing patient
agency, skill, and motivation in navigating health care services as well as a facilitated telephone or
email connection with a primary care practitioner. The UC group received medical education.

MAIN OUTCOMES AND MEASURES Substance use problem discussions with primary care
practitioners (by patient self-report at 1-, 2-, and 5-year follow-up interview) and annual use of the
electronic patient portal, primary care, and ED based on electronic health records.

RESULTS A total of 503 participants, with a mean (SD) age of 42 (12) years, 346 (69%) male
participants and 37 (7%) African American, 34 (7%) Asian, and 101 (20%) Hispanic participants, were
assigned to LINKAGE (252 participants) or UC (251 participants). Compared with UC participants,
LINKAGE participants were significantly more likely to discuss substance use problems with a
primary care practitioner at 1-year follow-up (risk ratio [RR], 1.30; 95% CI, 1.03-1.65; P = .03) and use
the electronic patient portal at 1- and 2-year follow-up (eg, messaging clinicians at 2 years: RR, 1.24;
95% CI, 1.04-1.47; P = .02). The LINKAGE group had small, statistically significant 5-year annual
increases in primary care use (RR, 1.03; 95% CI, 1.003-1.07; P = .03) and significant annual decreases
in substance-related ED use (RR, 0.79; 95% CI, 0.64-0.97; P = .03), relative to UC. The LINKAGE
group did not significantly differ from the UC group on other types of ED utilization.

CONCLUSIONS AND RELEVANCE In this study, a patient activation intervention embedded in
outpatient addiction treatment was associated with sustained improvements in health care
engagement beyond previously reported 6-month outcomes and with long-term improvements in
health care use patterns.
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Introduction

More than 20 million individuals in the United States have a substance use (SU) disorder.1 SU
problems are associated with elevated risk for acute and chronic medical conditions2,3 and with
costly medical use, including high rates of potentially preventable emergency department (ED)
visits.4-7 Patients who receive addiction services visit the ED at high rates even after starting
treatment.8 Regular visits to primary care after addiction treatment are associated with reduced
medical costs and improved SU outcomes.9-12 By addressing health concerns and intervening before
health problems become more serious, primary care services may augment the benefits of addiction
treatment while reducing potentially invasive, avoidable, or stigmatizing13 care in the ED.

Unfortunately, psychosocial and systemic barriers inhibit primary care engagement after
addiction treatment. Patients may have difficulty establishing rapport with primary care practitioners
due to self-stigma14 or fears of discrimination due to stigma surrounding SU problems.15,16 Addiction
treatment staff may have difficulty coordinating follow-up with primary care practitioners because of
privacy laws and policies restricting health information sharing.17 There is a need for interventions to
improve patients’ engagement with the health care system during and after addiction treatment,
both by enhancing integration across addiction and primary care services and by fostering a stronger,
recovery-focused partnership between patients and primary care practitioners. In a previous clinical
trial,18 a 6-session, group-based, patient skill-building intervention embedded in outpatient
addiction treatment, which included a facilitated connection by phone or email with a primary care
provider (LINKAGE), was associated with increased health care engagement behaviors. At 6 months
after the intervention, LINKAGE participants were more likely than those in usual care (UC) to use
electronic patient portal tools, such as refilling prescriptions and sending electronic messages to a
clinician.

Proactive SU discussions and other health care engagement behaviors during the critical 6
months after starting addiction treatment may help individuals develop and maintain long-term
engagement with primary care services and reduce the need for ED visits. To assess these potential
sequelae, we conducted a post hoc analysis using 5 years of follow-up data from participant
interviews and electronic health records (EHRs) to examine whether the short-term benefits of the
trial would extend to long-term changes in health care system engagement and utilization. We
hypothesized that the LINKAGE intervention would be associated with sustained improvements in
participants’ discussion of SU problems with a primary care practitioner and in use of electronic
patient portal tools, increased primary care use, and decreased overall and preventable ED
utilization, relative to UC.

Methods

Study Design, Eligibility, and Procedures
As reported previously,18 the original clinical trial enrolled 503 participants from the San Francisco
outpatient addiction treatment clinic of Kaiser Permanente Northern California (KPNC), a health care
system caring for more than 4.4 million members regionwide. Member sociodemographic
characteristics are diverse and representative of Northern California overall.19 Trial participants were
recruited between April 2011 and October 2013.

The trial was based in a single, large outpatient clinic. To minimize risk for contamination across
study groups within the site (as participants attended other parts of the addiction treatment program

JAMA Network Open | Substance Use and Addiction Health Care Use After Linking Patients in Addiction Treatment With a Primary Care Practitioner

JAMA Network Open. 2022;5(11):e2241338. doi:10.1001/jamanetworkopen.2022.41338 (Reprinted) November 10, 2022 2/13

Downloaded From: https://jamanetwork.com/ on 11/11/2022

https://clinicaltrials.gov/ct2/show/NCT01621711
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.41338&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.41338


together), we used a nonrandomized allocation strategy based on when the participant entered
addiction treatment. A participant was assigned to the LINKAGE group (addiction treatment with
LINKAGE) if they entered treatment during a LINKAGE period and assigned to the UC group
(addiction treatment with medical education) if they entered treatment during a UC period.
Specifically, assignment to LINKAGE or UC switched every 3 months for a duration of 30 months (5
alternating 3-month periods per condition). Once assigned, participants stayed in the same
condition. In the current study, we report participants’ follow-up data collected during the 5 years
after study enrollment, with final data collected in October 2018.

Eligible participants were adults age 18 years or older attending the clinic’s outpatient addiction
treatment program and were cleared by their physician for participation. Overall, 49 individuals with
severe cognitive disability or psychiatric impairment (eg, manic episode), who were evenly
distributed across conditions, were excluded.

Participants provided written informed consent prior to study enrollment and completed a
baseline computer-based assessment. Follow-up telephone interviews were conducted at 1, 2, and 5
years after the study enrollment date by assessors blinded to study condition. EHR data were
obtained at baseline (during the 1 year prior to study enrollment) and annually during a 5-year
follow-up period. Participants received monetary incentives for completing interviews and were not
blinded to study condition. The institutional review boards of KPNC and the University of California,
San Francisco, approved the study, which received a National Institutes of Health Certificate of
Confidentiality. We followed reporting guidelines of the Transparent Reporting of Evaluations with
Nonrandomized Designs (TREND) group.36 The trial protocol appears in Supplement 1.

UC and LINKAGE Intervention
Participants in both LINKAGE and UC received outpatient addiction treatment 4 days per week,
starting with a 10-day stabilization program followed by a 6-week program of psychotherapy groups,
individual counseling, 12-step meetings, and alcohol and drug screening. During this 6-week period,
the intervention group received LINKAGE and the UC group received medical education. Medical
education informed participants about how to prevent or manage health conditions that are
commonly associated with SU problems. Both LINKAGE and medical education groups were
delivered by a clinical psychologist or licensed therapist in 6 weekly 45-minute, manual-guided group
sessions. Physician appointments and medications were available as needed. All participants had
access to the KPNC electronic patient portal, an online system allowing members to view their health
information, refill prescriptions, and exchange messages with clinicians.

The LINKAGE intervention design18 drew from patient activation and engagement principles
across research literatures on chronic health condition management.20-26 LINKAGE sessions
included in-session practice of patient-clinician communication strategies, electronic patient portal
navigation skills, and development of recovery- and health-related goals. LINKAGE interventionists
facilitated a phone call or email in which the participant discussed recovery and health goals with
their primary care practitioner.

Measures
During the baseline interview, we collected sociodemographic data and assessed SU disorder type
based on the Diagnostic Interview Schedule for Psychoactive Substance Dependence in the
Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition).27,28 Self-reported race and
ethnicity data were collected for descriptive purposes using the following categories: African
American, American Indian or Alaska Native, Asian, Hispanic, White, and other. We calculated the
Charlson Comorbidity Index29,30 from baseline EHR data to characterize the sample’s disease
burden. The primary outcome was self-reported discussion of an SU problem with a primary care
practitioner, assessed in 1-, 2-, and 5-year follow-up interviews using the item, “During the past 6
months have you talked to your primary care provider about alcohol or drug problems?” (yes or no).
As secondary health care engagement outcomes, we assessed participants’ use of the electronic
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patient portal per follow-up year from EHR records. Specifically, we examined logins, online
medication refills, and electronic messages sent to health care practitioners (any or none).

We examined health care use as additional secondary outcomes. EHR data provided an annual
measure of primary care visits (any or none). We used EHR and administrative claims data to assess
any visit to a KPNC or non-KPNC ED; visits were additionally coded by primary diagnosis as
emergent, nonemergent, or SU-related according to the validated New York University Classification
Algorithm.31,32 Emergent visits would require immediate care. Nonemergent visits would not be
expected to require ED care. SU-related diagnoses involved alcohol or drugs. eFigure 1 in
Supplement 2 includes examples.

Statistical Analysis
Analyses followed an intention-to-treat framework. Power calculations were 2-sided, with a
significance level of .05. We present a conservative power estimation for analysis of a single time
point using logistic regression. Assuming an expected 40% of UC participants with recent discussion
of SU problems with a primary care practitioner, we had more than 0.80 power to test a
14–percentage point difference between conditions with a sample size of 225 per group. With this
sample size, we had more than 0.80 power to detect a 12–,10–, and 12–percentage point difference
between conditions on electronic patient portal logins, primary care use, and ED utilization,
assuming UC proportions of 70%, 80%, and 30%. Expected outcome levels were based on baseline
data, 6-month follow-up findings,18 and theoretical considerations (eg, regression to the mean).

We evaluated through risk ratios (RRs) the association between group assignment and
participants’ health care engagement and utilization using a modified Poisson generalized estimating
equations (GEEs) framework, with an unstructured correlation matrix to account for repeated
observations33 and adjusting for baseline covariates of age, Charlson Comorbidity Index, and
emergent-type ED use.

For each health care engagement outcome (SU problem discussions, electronic patient portal
outcomes), we estimated group differences from individual modified Poisson regression models at
each follow-up time point to assess fluctuations in group level over time, adjusting for our baseline
covariates. For each outcome, we also estimated a GEE model evaluating group differences during
the 5-year follow-up period, adjusting for (linear) time and our baseline covariates. Marginal
percentage estimates by group were plotted from a GEE model per outcome, including time as a
categorical variable, a time × group interaction term, and our baseline covariates.

For health care utilization, we expected gradual changes over time. In a GEE model per
outcome, we estimated and plotted trends by group over the 5-year follow-up period by including
(linear) time, a time × group interaction term, and our baseline covariates. We then evaluated group
differences over the 5-year follow-up period with GEE models per outcome including (linear) time,
no interaction term, and our baseline covariates.

We could not observe EHR-ascertained outcomes during time periods when participants lacked
health plan coverage. Therefore, we treated as missing all observations for follow-up years with less
than 9 months health plan coverage. This approach enabled us to include in GEE models all available
observations per participant (ie, during years with �9 months of health plan coverage). To examine
potential bias related to missing follow-up data, we conducted several sensitivity analyses: (1) we
reran models using multiple imputation with chained equations34 (25 data sets employing predictive
mean matching35), with prediction from all available baseline and follow-up observations, and (2) we
reran models with complete cases, ie, including participants who were alive and had at least 9
months health plan coverage in all follow-up years. We conducted study analyses in Stata version
16.0 (StataCorp). Statistical significance was set at P < .05, and all tests were 2-tailed.
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Results

Participant Characteristics and Study Flow
The 503 participants had a mean (SD) age of 42 (12) years (range, 18-73 years); 346 (69%) were male
participants; there were 37 (7%) African American, 10 (2%) American Indian or Alaska Native, 34
(7%) Asian, 101 (20%) Hispanic, and 306 (61%) White participants; 225 (45%) earned less than
$50 000 annually income; and 203 (40%) had a high school education or less (Table 1). Most
participants (329 [65%]) had an alcohol use disorder; 232 (46%) had a drug use disorder. In the prior
year, more than 80% (367 of 431 [85%]) visited primary care and 50% (214) visited the ED. Baseline
characteristics were similar across study groups.

Table 1. LINKAGE Trial Participant Characteristics by Study Group

Characteristic

Participants, No. (%)

P valueLINKAGE (n = 252) Usual care (n = 251)
At study enrollment

Sex

Male 175 (69.4) 171 (68.1)
.77

Female 77 (30.6) 80 (31.9)

Age, mean (SD), y 41.4 (11.6) 43.5 (12.0) .07

Race and ethnicity

African American 17 (6.7) 20 (8.0)

.96

Asian 16 (6.3) 18 (7.2)

Hispanic 49 (19.4) 52 (20.7)

American Indian or Alaska Native 6 (2.4) 4 (1.6)

White 156 (61.9) 150 (59.8)

Othera 8 (3.2) 7 (2.8)

Education

≤High school graduate or equivalent 96 (38.1) 107 (42.6)

.54Associate in arts, associate in science,
or technical school

49 (19.4) 52 (20.7)

College or higher 107 (42.5) 92 (36.7)

Annual household income <$50 000 112 (44.4) 113 (45.0) .93

Substance dependence

Alcohol 170 (67.5) 159 (63.3) .35

Drug 124 (49.2) 108 (43.0) .18

Opioid 44 (17.5) 37 (14.7) .47

Cocaine 46 (18.3) 33 (13.1) .14

Marijuana 31 (12.3) 30 (12.0) >.99

Amphetamine 27 (10.7) 32 (12.7) .49

Sedative 18 (7.1) 13 (5.2) .46

Charlson Comorbidity Index, mean (SD) 0.46 (1.3) 0.59 (1.3) .07

During 1 y prior to study enrollmentb

Electronic patient portal use, any

Logins 139 (66.8) 143 (64.1) .61

Online medication refills 84 (40.4) 82 (36.8) .49

Secure messages sent to health providers 102 (49.0) 110 (49.3) >.99

Health care service visits, any

Primary care 171 (82.2) 196 (87.9) .11

Emergency department

Any 101 (48.6) 113 (50.7) .70

Emergent type 10 (4.8) 28 (12.6) .01

Nonemergent type 32 (15.4) 42 (18.8) .37

Substance-related type 33 (15.9) 42 (18.8) .45

a Other race and ethnicity included non-Hispanic
participants who indicated having “more than one
racial/ethnic background” in the baseline interview.

b Data for 208 participants in LINKAGE and 223
participants in usual care; data were missing due to
insufficient health system enrollment during the 1
year prior to study start, resulting in no health care
utilization data.
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Eighteen participants (4%) died during the follow-up period (Figure 1). No interview data were
collected for 77 participants (15%), of whom 6 died, and no EHR data were available (due to
insufficient health plan coverage) for 48 participants (10%), of whom 4 died. Complete 5-year
follow-up data were available for 236 participants (47%). There were no significant differences in
attrition type between study groups. Baseline age and electronic patient portal logins were inversely
associated with missing follow-up. These and all other study variables were included as factors for
multiple imputation models used in sensitivity analyses.

Health Care Engagement
Across the 1-, 2-, and 5-year follow-up time points (Table 2), LINKAGE participants were more likely
to report SU problem discussions with primary care practitioners, but the difference was only
statistically significant at 1 year (LINKAGE, 89 of 186 [47.8%]; UC, 72 of 194 [37.1%]; risk ratio [RR],

Figure 1. Study Flow Diagram for the LINKAGE Study

520 Eligible participants

503 Recruited in study

252 Allocated to LINKAGE condition 
and included in analysis

6 Did not receive any allocated 
intervention

6 Died
1 Did not complete 1 follow-up 

interview; had insufficient health 
plan enrollment in 2 y

1 Did not complete 1 follow-up 
interview; had insufficient health 
plan enrollment in 3 y

1 Did not complete 2 follow-up 
interviews; had insufficient health 
plan enrollment in 3 y

1 Did not complete 3 follow-up 
interviews; had insufficient health 
plan enrollment in 4 y

2 Did not complete 3 follow-up 
interviews; had insufficient health 
plan enrollment in 5 y

137 Excluded from full case analysis
6 Died

131 Not enrolled in health plan for 
5 follow-up years

130 Excluded from full case analysis
12 Died

118 Not enrolled in health plan for 
5 follow-up years

115 Included in complete cases, no 
deaths analysis

121 Included in complete cases, no 
deaths analysis

12 Died
2 Did not complete 1 follow-up 

interview; had insufficient health 
plan enrollment in 1 y

3 Did not complete 1 follow-up 
interview; had insufficient health 
plan enrollment in 2 y

2 Did not complete 1 follow-up 
interview; had insufficient health 
plan enrollment in 3 y

2 Did not complete 2 follow-up 
interviews; had insufficient health 
plan enrollment in 3 y

1 Did not complete 3 follow-up 
interviews; had insufficient health 
plan enrollment in 4 y

2 Did not complete 3 follow-up 
interviews; had insufficient health 
plan enrollment in 5 y

EHR data
230 Enrolled in health plan ≥1 

follow-up year
118 Participants alive during 

follow-up were not enrolled for 
all 5 follow-up years

19 Insufficient enrollment during 1 y
23 Insufficient enrollment during 2 y
19 Insufficient enrollment during 3 y
38 Insufficient enrollment during 4 y
19 Insufficient enrollment during 5 y

EHR data
225 Enrolled in health plan ≥1 

follow-up year
131 Participants alive during 

follow-up were not enrolled for 
all 5 follow-up years

31 Insufficient enrollment during 1 y
23 Insufficient enrollment during 2 y
22 Insufficient enrollment during 3 y
30 Insufficient enrollment during 4 y
25 Insufficient enrollment during 5 y

251 Allocated to usual care condition 
and included in analysis

21 Did not receive any allocated 
intervention

17 Excluded
12 Declined to participate
5 Other reasons (eg, unable to be 

contacted, no linkable EHR data)

EHR indicates electronic health record.
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1.30; 95% CI, 1.03-1.65; P = .03). Across the 5 follow-up years, LINKAGE participants were more likely
to log into the electronic patient portal (RR, 1.18; 95% CI, 1.08-1.29; P < .001), use it to refill
medications (RR, 1.38; 95% CI, 1.22-1.56; P < .001), and send secure messages to clinicians (RR, 1.18;
95% CI, 1.05-1.33; P = .01). In time point–specific analyses, the LINKAGE group maintained higher
rates of electronic patient portal use across years, with statistical significance at follow-up years 1 and
2 (eg, year-2 logins: 139 of 175 [79.4%] vs 123 of 182 [67.6%]; RR, 1.17; 95% CI, 1.03-1.33; P = .01).
Models using multiply imputed data or including participants with complete data produced similar
results on health care engagement outcomes (eTables 1 and 2 in Supplement 2).

Primary Care and Emergency Department Utilization
Compared with UC, LINKAGE participants had significant relative annual increases in primary care
use (RR, 1.03; 95% CI, 1.003-1.067; P = .03) (Figure 2 and Table 3). The overall rate of primary care
use across the 5 years did not significantly differ between the 2 groups (LINKAGE, 217 of 225
[96.4%]; UC, 222 of 230 [96.5%]; RR, 0.99; 95% CI, 0.94-1.05; P = .81).

LINKAGE participants had significant annual declines in substance-related ED use over 5 years
compared with UC participants (RR, 0.79; 95% CI, 0.64-0.97; P = .03). The overall 5-year rates in this
outcome did not significantly differ between groups (LINKAGE, 35 [15.6%]; UC, 43 [18.7%]; RR, 0.82;
95% CI, 0.51-1.32; P = .41). The LINKAGE and UC groups did not significantly differ in overall or
emergent-type ED use, when considering time trend or 5-year rates. The LINKAGE group had lower
nonemergent ED use over 5 years compared with UC (59 [26.2%] vs 77 [33.5%]), but this difference

Table 2. Health System Engagement by Study Group

Time

Participants with any, % Group differencea

LINKAGE group Usual care group RR (95% CI) P value
Substance use discussion with primary care practitionerb

Year 1 89/186 (47.8) 72/194 (37.1) 1.30 (1.03-1.65) .03

Year 2 62/164 (37.8) 56/166 (33.7) 1.14 (0.85-1.53) .39

Year 3 NA NA NA NA

Year 4 NA NA NA NA

Year 5 24/122 (19.7) 17/116 (14.7) 1.33 (0.76-2.33) .33

All yearsc 124/209 (59.3) 109/217 (50.2) 1.20 (0.99-1.45) .07

Annual electronic patient portal login

Year 1 181/206 (87.9) 144/221 (65.2) 1.34 (1.20-1.50) <.001

Year 2 139/175 (79.4) 123/182 (67.6) 1.17 (1.03-1.33) .01

Year 3 127/164 (77.4) 119/164 (72.6) 1.06 (0.93-1.20) .38

Year 4 117/153 (76.5) 105/144 (72.9) 1.05 (0.92-1.19) .51

Year 5 120/152 (78.9) 105/141 (74.5) 1.07 (0.94-1.21) .32

All yearsc 181/206 (87.9) 144/221 (65.2) 1.18 (1.08-1.29) <.001

Online medication refills

Year 1 164/206 (79.6) 100/221 (45.2) 1.75 (1.49-2.06) <.001

Year 2 119/175 (68.0) 97/182 (53.3) 1.27 (1.07-1.51) .01

Year 3 105/164 (64.0) 93/164 (56.7) 1.13 (0.94-1.34) .19

Year 4 98/153 (64.1) 83/144 (57.6) 1.12 (0.93-1.34) .24

Year 5 98/152 (64.5) 75/141 (53.2) 1.22 (1.01-1.49) .04

All yearsc 192/225 (85.3) 158/230 (68.7) 1.38 (1.22-1.56) <.001

Secure electronic messages sent to health care professional

Year 1 144/206 (69.9) 115/221 (52.0) 1.34 (1.15-1.57) <.001

Year 2 116/175 (66.3) 98/182 (53.8) 1.24 (1.04-1.47) .02

Year 3 106/164 (64.6) 92/164 (56.1) 1.16 (0.97-1.38) .10

Year 4 98/153 (64.1) 88/144 (61.1) 1.05 (0.88-1.25) .59

Year 5 100/152 (65.8) 85/141 (60.3) 1.09 (0.91-1.30) .35

All yearsc 186/225 (82.7) 165/230 (71.7) 1.18 (1.05-1.33) .01

Abbreviations: ED, emergency department; NA, not
applicable; RR, risk ratio.
a Group differences were estimated from a modified

Poisson regression model per follow-up time point,
adjusting for baseline age, Charlson Comorbidity
Index, and emergent-type ED use.

b Telephone interviews were conducted at 1, 2, and 5
years after study enrollment.

c Group differences were estimated from a modified
Poisson generalized estimating equations model,
adjusting for (linear) time and baseline age, Charlson
Comorbidity Index, and emergent-type ED use.
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was not statistically significant (RR, 0.79; 95% CI, 0.58-1.08; P = .14). Five-year change in
nonemergent ED use did not significantly differ between groups.

Models using multiply imputed data or including participants with complete data produced
similar results on primary care and ED use outcomes (eTables 3 and 4 in Supplement 2). In complete
cases analyses, LINKAGE participants had significantly lower nonemergent type ED use than UC
participants when examined across the 5-year follow-up (RR, 0.60; 95% CI, 0.39-0.93; P = .02).

Discussion

LINKAGE, a group intervention focusing on patient activation and health care engagement as part of
addiction treatment, was associated with positive health care engagement behaviors up to 5 years
after treatment. Participants were more likely to discuss SU problems with their primary care
practitioner and to use the electronic patient portal to address health needs, such as refilling
medications and communicating with health care professionals. LINKAGE participants also saw
gradual, desirable changes in modifiable health care use patterns (ie, stable primary care use and
declining substance-related ED use over 5 years), whereas UC participants had declining primary care
use and stable substance-related ED use over the same time frame. Among participants who
maintained health system enrollment during follow-up, LINKAGE patients were less likely than those
in UC to visit the ED for diagnoses not typically requiring emergency care.

This study extends the results of the original LINKAGE trial,18 which found higher 6-month
intervention group rates of SU problem discussions with primary care practitioners and participants’
electronic patient portal use. By teaching participants skills in communicating with health care
professionals and navigating personal health information, the LINKAGE intervention sought to

Figure 2. Estimated Percentage of Participants With Primary Care and Emergent, Nonemergent,
and Substance-Related Emergency Department Visits Per Year of Study Follow-up, by Group
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from a modified Poisson generalized estimating
equations model per outcome adjusting for (linear)
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increase individuals’ capacity to engage proactively with the health care system. An expectation of
the original study was that this ongoing health care engagement (via use of the patient portal for
communication and engaging with health information options, as well as primary care visits) would
result in positive longer-term health behavior.

A key intervention component was planning for and facilitating open dialogue between
participants and primary care practitioners regarding recovery-related health goals, mitigating
SU-associated stigma, and circumventing health system barriers to sharing information between
addiction treatment and primary care services.17 Patients who have more frequent and effective
interactions with primary care practitioners may be less likely to use the ED for nonurgent needs and
may have fewer alcohol- or drug-related concerns warranting an ED visit. The ED utilization changes
seen in the current study align with past observational data finding that consistent primary care use

Table 3. Five-Year Health Care Use Associated With Study Group

Time

Health care service use, %

Group differences in annual
change over the 5 y since
study enrollmenta

Time-adjusted group
differences across 5 y since
study enrollmentb

LINKAGE Usual care
Risk ratio
(95% CI) P value

Risk ratio
(95% CI) P value

Primary care

Year 1 173/206 (84.0) 192/221 (86.9)

1.03
(1.003-1.067) .03 0.99

(0.94-1.05) .81

Year 2 142/175 (81.1) 153/182 (84.1)

Year 3 121/164 (73.8) 136/164 (82.9)

Year 4 130/153 (85.0) 118/145 (81.4)

Year 5 125/152 (82.2) 107/142 (75.4)

Cumulative 217/225 (96.4) 222/230 (96.5)

Any ED

Year 1 64/206 (31.1) 78/221 (35.3)

0.97
(0.89-1.07) .57 0.92

(0.75-1.12) .39

Year 2 49/175 (28.0) 57/182 (31.3)

Year 3 44/164 (26.8) 42/164 (25.6)

Year 4 38/153 (24.8) 46/145 (31.7)

Year 5 40/152 (26.3) 47/142 (33.1)

Cumulative 128/225 (56.9) 139/230 (60.4)

Any emergent type ED

Year 1 17/206 (8.3) 16/221 (7.2)

0.90
(0.73-1.12) .34 1.02

(0.68-1.53) .93

Year 2 14/175 (8.0) 17/182 (9.3)

Year 3 8/164 (4.9) 6/164 (3.7)

Year 4 13/153 (8.5) 12/144 (8.3)

Year 5 11/152 (7.2) 15/141 (10.6)

Cumulative 47/225 (20.9) 47/230 (20.4)

Any nonemergent type ED

Year 1 24/206 (11.7) 31/221 (14.0)

1.00
(0.84-1.19) .98 0.79

(0.58-1.08) .14

Year 2 11/175 (6.3) 22/182 (12.1)

Year 3 19/164 (11.6) 23/164 (14.0)

Year 4 11/153 (7.2) 23/144 (16.0)

Year 5 16/152 (10.5) 16/141 (11.3)

Cumulative 59/225 (26.2) 77/230 (33.5)

Any substance-related type ED

Year 1 19/206 (9.2) 26/221 (11.8)

0.79
(0.64-0.97) .03 0.82

(0.51-1.32) .41

Year 2 16/175 (9.1) 12/182 (6.6)

Year 3 10/164 (6.1) 16/164 (9.8)

Year 4 2/153 (1.3) 14/144 (9.7)

Year 5 6/152 (3.9) 9/141 (6.4)

Cumulative 35/225 (15.6) 43/230 (18.7)

Abbreviation: ED, emergency department.
a Group × linear time effect estimate; modified

Poisson generalized estimating equations models
included (linear) time, a time × group interaction
term, and baseline age, Charlson Comorbidity Index,
and emergent-type ED use.

b Time-adjusted group effect estimate; modified
Poisson generalized estimating equations models
included (linear) time, no interaction term, and
baseline age, Charlson Comorbidity Index, and
emergent-type ED use.
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after addiction treatment is associated with improvements in both health care costs and addiction
treatment outcomes.9-12

Past research suggests an association between increased electronic patient portal use and
improved self-management of diabetes and cardiovascular disease risk factors, although causal
mechanisms remain poorly understood.37-39 Future research should examine the potential health
benefits of increasing health care engagement among individuals with SU problems given the high
rates of physical health morbidity and mortality in this population.2,3,40 Cost-effectiveness analysis
would clarify whether increased health care engagement is accompanied by cost savings from
prevention of high-resource utilization. LINKAGE participation was not associated with reductions in
overall or emergent type ED use, suggesting that additional interventions are needed to prevent and
manage health conditions among people with SU problems. There also remains a need to understand
how to improve SU outcomes as part of efforts to increase patients’ health care engagement. The
prior LINKAGE trial found no group differences on drug or alcohol use outcomes,18 nor did 2 other
intervention studies41,42 seeking to increase addiction patients’ receipt of primary care services. The
current study did find declines in substance-related ED use over 5 years, which may be considered
a proxy for less substance use-related harm.

Limitations
This study has limitations. The original clinical trial used an alternating 3-month allocation strategy
between groups rather than randomization, introducing potential bias. This nonrandomized
approach was necessary to control for clinic effects and minimize risk for contamination across
conditions within the single study site where patients would be expected to interact often due to
group-based treatment. Although the sample was socioeconomically diverse, more than 60% of
participants were White. The study sample size did not allow us to evaluate chronic disease screening
or outcomes given participant heterogeneity.

Conclusions

This study addressed a need for intervention models to increase patients’ engagement and
destigmatize SU-focused conversations with primary care practitioners during and after addiction
treatment. We have found that a group-based patient activation intervention embedded in
outpatient addiction treatment was associated with positive outcomes at 6 months and had benefits
continuing over 5 years, including more SU-related communication with primary care practitioners,
an increased trend in primary care utilization, and reduction in potentially preventable ED visits.
Electronic health records tethered to patient portals have become widespread across health
systems,43-45 providing an opportunity to implement the LINKAGE intervention in many settings.
The intervention is manual-based and can be delivered as part of standard, group-based addiction
treatment by existing clinic staff. Addiction treatment offers a critical opportunity to engage patients
in recovery-focused health goals, with potential to improve health care quality and outcomes.
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