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Abstract

Background: Electronic health record (EHR) systems have been shown to be associated with improvements in care processes,
quality of care, and patient outcomes. EHR also has acrucia rolein the delivery of substance use disorder (SUD) treatment and
is considered important for addressing SUD crises, including the opioid epidemic. However, little is known about the adoption
of EHR in SUD treatment programs or the organizational -level factors associated with the adoption of EHR in SUD treatment.

Objective: We examined the adoption of EHR in SUD programs, with afocus on changes in adoption from 2014 to 2017, and
identified organizational-level factors associated with EHR adoption.

Methods: We used data from the 2014 and 2017 National Drug Abuse Treatment System Surveys. Our analysisincluded 1027
SUD programs (531 in 2014 and 496 in 2017). We used chi-sguare and Mann-Whitney U tests for categorical and continuous
variables, respectively, to assess changesin EHR adoption, technology use, program, and client characteristics. We a so investigated
differencesin characteristics and barriersto adoption by EHR adoption status (adopted EHR vs had not adopted or were planning
to adopt EHR). We then conducted multivariate logistic regressions to examine internal and external factors associated with EHR
adoption.

Results:  The adoption of EHR increased significantly from 57.6% (306/531) in 2014 to 69.2% (343/496) in 2017 (P<.001),
showing that nearly one-third (153/496, 30.8%) of SUD programs had not yet adopted an EHR system by 2017. We identified a
significant increase in technology use and ownership by a parent company (P=.01 and P<.001) and a decrease in the percentage
of uninsured patientsin 2017 (P<.001), compared to 2014. Our analysis further showed significant differences by adoption status
for three major barriersto adoption: (1) start-up costs, (2) ongoing financial costs, and (3) privacy or security concerns (P<.001).
Programsthat used computerized scheduling (adjusted oddsratio [AOR] 3.02, 95% CI 2.23-4.09) and billing systems (AOR 2.29,
95% CI 1.62-3.25) were more likely to adopt EHR. Similarly, ownership type, such as private nonprofit (AOR 1.86, 95% ClI
1.31-2.65) and public (AOR 2.14, 95% CI 1.27-3.67), or interest in participating in a patient-centered medical home (AOR 1.93,
95% Cl 1.29-2.92), were associated with an increased likelihood to adopt EHR. Overall, SUD programs were more likely to
adopt an EHR system in 2017 compared to 2014 (AOR 1.44, 95% CI 1.07-1.94).

Conclusions:  Our findings highlighted that SUD programs may be on track to achieve widespread EHR adoption. However,
there is a need for focused strategies, resources, and policies explicitly designed to systematically address barriers and tackle
obstaclesto expanding the adoption of EHR systems. These efforts must be holistic and address factors at multiple organizational
levels.
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Introduction

Electronic health record (EHR) systems areimportant tool s that
facilitate and promoteimprovement in the quality and efficiency
of heath service delivery [1-4]. The Headth Information
Technology for Economic and Clinical Health Act and the
American Recovery and Reinvestment Act, enacted in 2009,
were established to promote the adoption of health information
technology by health care organizations, including hospitals
and health care providers[5,6]. The adoption of EHR has been
extensively studied and analyzed, including factors associated
with adoption in various health care settings, of which the vast
majority were conducted in primary care and acute care, and
specialized health care facilities. A small but growing body of
research has examined complex health care settings, such as
substance use disorder (SUD) and mental health facilities[7-11].
Existing studies have predominantly focused on usability
[12,13], barriers to adoption [14], and the degree to which
practitioners and other medical staff leverage advanced use
cases[15,16].

There is a scarcity of research that provides a nationa
perspective or organizational-level evidence that addresses the
role of internal and external organizational factors that may
influence the adoption and use of EHR in SUD programs
[17,18,19]. Existing studies have however identified
characteristics of Programs that offer insights into rates of
adoption. The often-smaller size of treatment programs, which
in turn makes start-up and maintenance of EHR costlier, has
been suggested as potential explanationsfor the slower adoption
in SUD programs [14,18]. Other factors include a lack of
harmonized data elements and interoperability [20,21] and the
capacity to optimize data from EHR systems[22]. Insufficient
staff training and implementation strategy (eg, implementation
time and planning) have also been linked with lower rates of
adoption [3,23].

One study examined adoption in SUD programs and mental
health facilities and reported that the levels of use in SUD
programs were less common compared to those mental health
facilities for both nonexclusive (mixed computer and paper)
and exclusive (paper-free) EHR use. Less than 25% of both
facility types reported exclusive EHR use for core clinica
activities (eg, progress notes, laboratory monitoring, and
prescriptions), with wide variability by ownership type,
accreditation status, and across states[17]. In addition to clinical
care, adoption of EHR systemsin SUDs could also help address
policy and cost-related constraints. For example, 42 Code of
Federal Regulations [CFR] Part 2—Confidentiality of Alcohol
and Drug Abuse Patient Records, has been noted as abarrier to
interoperability. Yet, EHR as a tool may promote data
protection, and introduce cost saving that may facilitate the
implementation of evidence-based practices and improve patient
outcomes [24-28]. Relatedly, a study of electronic health
technol ogy use at hospital-based SUD programsfound that 68%
of programs used basic EHR functionality, noting that these
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programslagged behind acute care hospital sin adoption of basic
EHR systems. Thislag, the authors concluded, presents amissed
opportunity to improve quality of care and performance [29].

Overdll, there remain gapsin existing knowledge of the adoption
of EHR systems in outpatient SUD treatment programs or the
extent to which organizational-level characteristics are
associated with adoption. Thisstudy isone of the few to explore
EHR adoption in anational sample of outpatient SUD programs
in the United States, and adds to the existing literature by
assessing factors increasingly relevant to the adoption of EHR
within a setting that is primed to benefit from technology use
but is underexamined. Additionally, relevant to this study’s
objective was a comprehensive assessment of potential barriers
to adoption (eg, start-up costs and ongoing financial costs) and
the extent to which the use of other technologies, especially for
billing and scheduling, may be associated with EHR adoption.
Our objective was thus twofold: (1) describe the adoption of
EHR in outpatient SUD programs and changesin adoption from
2014 t0 2017 and (2) identify factors associated with adoption.
Our findings may offer insights into variations in adoption and
correlates of adoption over time and inform strategies to reduce
barriers, increase adoption, and maximize the benefits of EHR
in SUD treatment.

Methods

Sampling Frame and Sample

We analyzed data from the National Drug Abuse Treatment
Systems Survey (NDATSS), a nationally representative
longitudinal survey of SUD treatment programs. A list of
programs generated by the Substance Abuse and Mental Health
Services Administration, which licenses treatment programs,
serves as the sampling frame. SUD programs were randomly
selected from the list for potential inclusion in data collection.
Datawere collected through telephoneinterviews with program
directors and clinica supervisors in each program.
Approximately 85% of eligible programs across the nation
completed the survey across multiple waves [30]. We used the
2 recently available waves of the NDATSS, 2014 (n=531) and
2017 (n=496) [31].

Data Coallection, Reliability, and Validity

The NDATSS uses a split panel design, which isakey strength
of the data. Each survey wave since the first wave included
programsfrom previouswaves (panel programs), and each wave
also added representative samples of newer programs. The
addition of new programs keeps the NDATSS representative
of the changing population of US treatment programs and
ensures adequate sample size and dtatistical power. The
NDATSS also followed established methods that maximize
reliability and validity in phone surveys, and it is further
supported by related studies [25,32,33].
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M easures

Dependent Variable

The adoption of EHR was evaluated by two research questions:
(2) whether a program has adopted EHR components (“yes’ or
“no”) and (2) if “no,” whether the program plans to install an
EHR (“planning” or “no”). EHR components were defined as
“anintegrated electronic clinical information system that tracks
patient health data and may include such functions as encounter
notes, prescriptions, lab orders, etc.” We first categorized the
EHR adoption status of a program as “yes’ (the program has
adopted EHR); “planning” (the program has not adopted but
plans to install EHR); and “no” (the program has not adopted
EHR and does not have plans to adopt). We then combined the
“no” or “planning” categories in our analysis to highlight our
interest in understanding factors associated with EHR adoption
among treatment programs that have adopted these systems
compared to those that have not.

I ndependent Variables

Based on findings from previous studies [34,35], we examined
four categories of characteristics that assess the internal and
external environments of programs: (1) current technology use,
(2) program characteristics, (3) client characteristics, and (4)
geographic location. Technology use was measured by 2
variables: use of computerized scheduling systems (0=no and
1=yes) and electronic billing systems (0=no and 1=yes). We
also assessed the extent of barriers reported by programs
concerning EHR adoption. We created a barriers to adoption
score based on responses to 13 questions on potential barriers
that impede a program from beginning or expanding the use of
an EHR system (Multimedia Appendix 1 contains the full list
of potential barriersto EHR adoption). Each barrier was assessed
at 3 levels (not a barrier, a minor barrier, and a major barrier).
We created a score for barriers to adoption by assigning the
value of 1 to “not a barrier,” 2 to “minor barrier,” and 3 to
“major barrier” For each program, we calculated the barriers
to adoption score by summing itsscorevalueson all 13 barriers.
Thebarriers’ scoreranged between 13 and 39. Dueto small cell
sizes, and for the descriptive statistics, “not a barrier” and
“minor barrier” were collapsed into 1 category, “nhone or minor
barrier,” with “major barrier” as the second category.

Program characteristics included ownership status of the
program (1=private for-profit, 2=private nonprofit, and
3=public) and whether the program was owned by a hospital
or mental health center (0=no and 1=yes). Programs reported
whether they had signed an accountable care organization
(ACO) agreement or a patient-centered medical home (PCMH)
agreement (“yes’ or “no”). If “no,” atota of 2 questions were
asked about whether they had plans for or discussed an
agreement (“yes’ or “no”). For ACO or PCMH participation,
programsthat responded “no” to al 3 questionswere categorized
as 0 (not interested). Programs that have signed, planned, or
discussed either an ACO or PCHM agreement were categorized
as 1 (interested). Other program characteristicsincluded program
type, that is, an opioid treatment program (OTP; O=no and
1=yes), and size of the program (assessed by the number of
SUD clients). The size of the program (number of SUD clients)
was recoded into a categorical variable (0-250, 250-500,
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500-750, and >750). We define an OTP as a physical facility
with resources dedicated specifically to treating opiate
dependence with methadone or buprenorphine (excluding
primary care or physician offices).

Client characteristics were assessed by the percentage of African
American clients, the percentage of Hispanic clients, and the
percentage of uninsured clients. Programs with a percentage of
uninsured patients greater than 50% were coded as
high-uninsured.  Geographic location includes region
(1=Northeast, 2=Southeast, 3=Midwest, and 4=Southwest) and
urbanicity (O=nonurban and 1=urban) [36].

Statistical Analysis

A total of 1352 programs completed the NDATSS in 2014 (695
programs) and 2017 (657 programs). We excluded observations
with missing data and arrived at an analysis sample of 1027
programs with complete data (atotal of 531in 2014 and 496 in
2017). Wefirst conducted bivariate analyses using the chi-square
and Mann-Whitney U tests for categorical and continuous
variables, respectively. We then assessed changes in EHR
adoption, aswell asinternal and external organizational factors,
between 2014 and 2017. Organizational factors included
technology use (computerized scheduling and el ectronic billing),
program characteristics (eg, ownership type and being a part of
a PCMH), client characteristics (eg, proportion of African
American and Hispanic patients and having a high level of
uninsured clients), and geographic location (eg, region and
urban). We also investigated differences in the characteristics
of programs by EHR adoption status (adopted EHR vs had not
adopted EHR or planning to adopt EHR). Next, we examined
the role of barriers to adoption based on EHR adoption status.
Lastly, we conducted multivariate logistic regressions, using
EHR adoption status as the binary outcome and organizational
factors as independent variables. We reported odds ratios and
95% Cls from the adjusted model. All of the analyses were
conducted using R version 3.6 (R Core Team).

Ethical Considerations

The New York University Abu Dhabi Institutional Review
Board approved this analysis study (HRPP-2023-220) on
administrative data.

Results

Adoption of EHR

Table 1 shows changes in the adoption of EHR from 2014 to
2017. In 2014, a total of 57.6% (306/531) of programs had
adopted EHR, 22.4% (119/531) of programs were planning to
adopt EHR, and 20% (106/531) of programs had not adopted
EHR. By 2017, a total of 69.2% (343/496) of programs had
adopted EHR, 15.7% (78/496) of programs were planning to
adopt EHR, and 15.1% (75/496) of programs had not adopted
EHR. Overall, the proportion of programs that had adopted
EHR increased by 11.6%, while the percentage of programs
that were planning to adopt EHR or those that did not have plans
to adopt decreased by 6.7% and 4.9% during this period,
respectively (P<.001).
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Characteristics of Treatment Programs, by Years

Table 1 showsthe characteristics of programsin 2014 and 2017.
Wefound significant changesin program characteristics between
2014 and 2017. The proportion of programs using computerized
scheduling systems increased from 54.4% (289/531) to 62.7%
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(311/496; P=.01) and from 72.7% (386/531) to 81.5% (404/496)
for electronic billing systems (P<.001). Compared to 2014,
more programswere owned by hospitals or mental health centers
in 2017 (51/531, 9.6% vs 120/496, 24.2%; P<.001). The number
of programswith morethan 50% of uninsured patients decreased
significantly from 39.7% (211/531) to 22% (109/496; P<.001).
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Table 1. Comparison of characteristics of substance use disorder (SUD) treatment programsin 2014 and 2017.
Characteristics 2014 (n=531) 2017 (n=496) P vaue
Adoption of EHR?, n (%) <.001
Adopted EHR 306 (57.6) 343 (69.2)
Planning to adopt EHR 119 (22.4) 78 (15.7)
Had not adopted EHR 106 (29) 75 (15.1)
Technology use
Computerized scheduling system, n (%) .01
No 242 (45.6) 185 (37.3)
Yes 289 (54.4) 311(62.7)
Electronic billing system, n (%) <.001
No 145 (27.3) 92 (18.6)
Yes 386 (72.7) 404 (81.5)
Barriers to adoption score, median (IQR)” 24.00 (19.00-27.00) 23.00 (18.00-27.00) 40
Program characteristics
Ownership, n (%) .30
Private for-profit 127 (23.9) 130 (26.2)
Private nonprofit 339 (63.8) 294 (59.3)
Public 65 (12.2) 72 (14.5)
Owned by the hospital or mental health center, n (%) <.001
No 480 (90.4) 376 (75.8)
Yes 51 (9.6) 120 (24.2)
Part of accountable care organization, n (%) >.99
Not interested 386 (72.7) 361 (72.8)
Interested 145 (27.3) 135 (27.2)
Part of a patient-centered medical home, n (%) .39
Not interested 388 (73.1) 375 (75.6)
Interested 143 (26.9) 121 (24.4)
OTP®, n (%) >.99
Non-OTP 341 (64.2) 319 (64.3)
oTP 190 (35.8) 177 (35.7)
OTP size (number of SUD clients), n (%) 44
0-250 219 (41.2) 186 (37.5)
250-500 139 (26.2) 132 (26.6)
500-750 66 (12.4) 59 (11.9)
>750 107 (20.2) 119 (24)
Client characteristics
Percentage of African American clients, median (IQR) 9.09 (2.06-27.69) 10.00 (2.48-30.77) 31
Percentage of Hispanic clients, median (IQR) 5.56 (1.47-15.67) 5.51 (1.46-16.00) .83
High uninsured, n (%) <.001
No 320 (60.3) 387 (78)
Yes 211 (39.7) 109 (22)

Geographic location
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Characteristics 2014 (n=531) 2017 (n=496) P vaue
Region, n (%) 48
Northeast 151 (28.4) 135(27.2)
Southeast 132 (24.9) 115 (23.2)
Midwest 127 (23.9) 140 (28.2)
Southwest 121 (22.8) 106 (21.4)
Urban, n (%) .60
Not urban 345 (65) 331 (66.7)
Urban 186 (35) 165 (33.3)

3EHR: electronic health record.

BFor the full study sample, the minimum and maximum barrier scores ranged between 13 and 39.

COTP: opioid treatment program.

Adoption of EHR by Program Char acteristics

Table 2 shows differences in characteristics for programs that
had adopted EHR compared to programs that had not adopted
EHR. Therewere significant differencesby EHR adoption status
on several factors. Compared to programs that had not adopted
an EHR system, a greater proportion of programs that had
adopted EHR used acomputerized scheduling system (463/649,
71.3% vs 137/378, 36.2%; P<.001) or electronic billing system
(557/649, 85.8% vs 233/378, 61.6%; P<.001). Theresults also
showed that a greater proportion of programs that had adopted
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EHR were private nonprofit (410/649, 63.2% vs 223/378, 59%)
or publicly owned (102/649, 15.7% vs 35/378, 9.3%), with a
greater proportion of programs that had not adopted being
privately owned (120/378, 31.8% vs 137/649, 21.1%). The
EHR-adopted programs were commonly present with interest
in participating in an ACO (198/649, 30.5% vs 82/378, 21.7%)
or PCMH (196/649, 30.2% vs 68/378, 18%) and a larger
program size compared to those that had not adopted an EHR
system. For client characteristics, programs with a high
percentage of uninsured clients reported not having adopted
EHR (138/387, 36.5% vs 182/649, 28%).
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Table2. Characteristics of substance use disorder (SUD) treatment programs that had adopted el ectronic health records (EHRs), compared to programs
that had not adopted EHR but plan to adopt and programs that had not adopted EHR and did not have plans to adopt.

Characteristic No and planning (n=378) Yes (n=649) P vaue
Technology use
Computerized scheduling system, n (%) <.001
No 241 (63.8) 186 (28.7)
Yes 137 (36.2) 463 (71.3)
Electronic billing system, n (%) <.001
No 145 (38.4) 92 (14.2)
Yes 233 (61.6) 557 (85.8)
Barriers to adoption score, median (IQR)? 24.0 (19.00-27.75) 23.0(18.00-27.00) .05
Program characteristics
O wnership, n (%) <.001
Private for-profit 120 (31.8) 137 (21.1)
Private nonprofit 223 (59.0) 410 (63.2)
Public 35(9.3) 102 (15.7)
O wned by the hospital or mental health center, n (%) .07
No 326 (86.2) 530 (81.7)
Yes 52 (13.8) 119 (18.3)
Part of accountable care organization, n (%) .003
Not interested 296 (78.3) 451 (69.5)
Interested 82(21.7) 198 (30.5)
Part of a patient-centered medical home, n (%) <.001
Not interested 310 (82.0) 453 (69.8)
Interested 68 (18.0) 196 (30.2)
OTP, n (%) 07
Non-OTP 257 (68.0) 403 (62.1)
oTP 121 (32.0) 246 (37.9)
OTP size (number of SUD clients), n (%) <.001
0-250 182 (48.2) 223 (34.4)
250-500 91 (24.1) 180 (27.7)
500-750 39(10.3) 86 (13.3)
>750 66 (17.5) 160 (24.7)
Client characteristics
Percentage of African American clients, median 9.6 (2.41-27.24) 9.7 (2.25-30.00) .76
(IQR)
Percentage of Hispanic clients, median (IQR) 6.3 (1.38-16.62) 5.0 (1.57-15.38) 52
High uninsured, n (%) .006
No 240 (63.5) 467 (72.0)
Yes 138 (36.5) 182 (28.0)
Geographic location
Region, n (%) .007
Northeast 129 (34.1) 157 (24.2)
Southeast 82(21.7) 165 (25.4)
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Characteristic No and planning (n=378) Yes (n=649) P vaue
Midwest 93 (24.6) 174 (26.8)
Southwest 74 (19.6) 153 (23.6)
Urban, n (%) .04
Not urban 233 (61.6 %) 443 (68.3 %)
Urban 145 (38.4 %) 206 (31.7 %)

8For the full study sample, the minimum and maximum barrier scores ranged between 13 and 39.

boTP: opioid treatment program.

Barriersto EHR Adoption

Figure 1 reports differences in barriers to beginning or
expanding the use of EHR reported by programs that had
adopted a system versus those that had not adopted. We show
the proportions of programs that report each type as a major
barrier. We identified that the top 5 major barriers for all
programs were the same, regardless of adoption status.
Specifically, programs reported that start-up costs, ongoing
financial costs, alack of interoperability, technical limitations
(eg, systems either too complex or too simple to meet their
needs), and a lack of uniform industry standards were major
barriers. However, the proportion of programs reporting these
barriers varied in rank order. Programs that had not adopted

EHR reported the following percentages for each of the
aforementioned barriers. start-up costs (229/378, 60.6%),
ongoing financial costs (194/378, 51.3%), lack of
interoperability (98/378, 25.9%), technical limitations (87/378,
23.03%), and lack of uniform industry standards (84/378,
22.2%), compared to the following percentages for programs
that had adopted an EHR system: start-up costs (183/649,
28.2%), ongoing financial costs (151/649, 23.3%), lack of
interoperability (204/649, 31.4%), technical limitations
(172/649, 26.5%), and lack of uniform industry standards
(144/649, 22.2%). In our bivariate analysis, stratified by year,
we found that among the 13 barriers, start-up costs, ongoing
financial costs, and privacy or security concerns were
significantly associated with EHR adoption status (P<.001).

Figure 1. Mgjor barriersto the adoption of electronic health record (EHR) among programs that had adopted EHR, compared with programs that had
not adopted EHR but plan to adopt, and programs that had not adopted EHR and did not have plans to adopt. *** P<.001.

Computer skills of staff
rovider skepticism
Impact of

computer on climeian-chent interaction

cerns about the rehiability of

systems and losing data
Computer techmeal support
I'raining and productivity losses

Lack of ime to acquire knowledge about systems
Lack of uniform industry standards

I'echnical limitations of systems

Lack of'i

nteroperability

Barriers to beginning or expanding the use of EHR

***Ongoing financial costs

FEEbtart-up hnancial costs

6% 10%

IHR adoption
No-+planning

Yes

Proportion ol programs reporting major barrers

Factors Associated With EHR Adoption

Figure 2 presents results from the adjusted logistic regression
model. Programs with a computerized scheduling system
(adjusted odds ratio [AOR] 3.05, 95% CI 2.25-4.13) or an
electronic billing system (AOR 2.33, 95% CI 1.64-3.30) were
more likely to adopt EHR. Compared to private for-profit
programs, private nonprofit (AOR 1.91, 95% Cl 1.34-2.71) and
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public (AOR 2.27, 95% CIl 1.35-3.88) programs reported a
greater likelihood of having adopted EHR. We a so found that
adoption of EHR was positively associated with participation
in a PCMH agreement (AOR 1.96, 95% Cl 1.31-2.97). Our
resultsindicated regional differencesin adoption, with programs
in the Midwest having the highest EHR adoption (AOR 2.66,
95% CI 1.74-4.10). SUD programs were more likely to adopt
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Cl 1.08-1.95).

Figure2. Multivariatelogistic regression resultsfor the adoption of electronic health records (EHRS) among programsthat had adopted EHR, compared
with programs that had not adopted EHR but plan to adopt and programs that had not adopted EHR and did not have plans to adopt. ACO: accountable
care organization; OTP: opioid treatment program; PCMH: patient-centered medical home.

Computerized scheduling system no

P<.001)

yes 3.02(2.23-4.09,
Electronic billing system no =
yes 2,29 (1.62-3.25, P<.001)
Access lo computers at work (% clinical staff) 1.01(1.00-1.02, P=.05)
Sacre of barrier - 0.98 (0.95-1.00, P=.08)
Ownership private for-profit -
private nonprofit 1.86 (1.31-2.65, P=.001)
public 2,14 (1.27-3.67, P=.005)
Owned by hospital or mental health center no =
yes 0.92 (0.61-1.39, P=.68)
ACO not interested =
interested 0.96 (0.65-1.40, P=82)
PCMH not interested =
interested 1.93 (1.29-2.92, P=.002)
oTP no -
yes 1.37 (1.00-1.89, P=.05)
OTP size 0-250 _
250-500 1.35 (0.94-1.96, P=.11)
500-750 1.15(0.71-1.86, P=58)
>750 1.17 (0.78-1.75, P=.45)
Percentage of African American clients 1.00(0.99-1.01, P=T71)
Percentage of Hispanic clients 1.00 (0.99-1.01, P=47)
High uninsured no =
yes 0.75(0.53-1.04, P=.09)
Region Northeast -
Southeast 222 (1.47-3.38, P<.001)
Midwest 2,65 (1.734.08, P<.001)
Southwest 252 (1.62-3.96, P<.001)
Urban not urban =
urban 0.74 (0.53-1.04, P=.08)
Year 2014 -
2017 1.44 (1.07-1.94, P=.02)

Discussion
Overview

Using anationally representative US sample of SUD treatment
programs, we conducted one of few studies, to the best of our
knowledge, on the adoption of EHR in stand-alone outpatient
SUD programs. This study demonstrated a robust examination
of differences in EHR adoption in SUD treatment programs
over the interval between 2014 and 2017 and characterized the
internal and external organizational factorsassociated with EHR
adoption.

Patterns of EHR Adoption and Organizational
Characteristics

Descriptive results showed that the adoption of EHR in the
context of SUD treatment had significantly increased, by nearly
12%, from 2014 to 2017. However, 30.8% (153/496) of SUD
treatment programs had not adopted EHR by 2017. Our finding
isin line with previous studies that reported that the adoption
and use of EHR are significantly lesscommon in SUD programs
compared to other health care facilities, including mental health
treatment centers and hospitals, and highlighted the need for
further effortsto increase adoption in SUD programs[17,29,34].
One study reported that although use of any EHR functionality
(eg, treatment planning and prescription) rangedfrom 80% to
95% in SUD programs, exclusive EHR use of any functionality
(a paper-free system) ranged from 26% to 48% [17]. These
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findings are relevant for this study and suggest that among the
SUD programs that reported adopting EHR, the majority may
not be maximizing the benefits of EHR functionalities and
systems. We also found significant differences by technology
use, patient, client, and geographic location based on EHR
adoption status. Specifically, use of computerized scheduling,
electronic billing, and ownership by ahospital or mental health
center increased significantly from 2014 to 2017, with adecrease
in the proportion of uninsured patients during the same period
[14,35].

Internal and External Organizational Factors
Associated With EHR Adoption

Our adjusted model showed that multiple SUD treatment
program internal and external organizational characteristics
were positively associated with a program adopting an EHR
system. Program technology use capabilities, including the
program’s computerized scheduling system and electronic
billing system, were significantly associated with EHR adoption.
We posit that perhaps a program that has aready implemented
a computerized scheduling system and an electronic hilling
system may have a higher propensity or advanced level of
knowledge that could be foundational and facilitate the adoption
of an EHR system [34]. A greater technology use capability
(eg, acomputerized scheduling system and an electronic billing
system) could also indicate that the organizational culture and
context would be more supportive of using the EHR system
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[37,38]. For example, organizational culture has been shown
to moderate the rel ationship between attitudes toward EHR and
intentions to adopt EHR [39]. This could aso signal that
leadership and health care administrators could be more likely
to test varying systems and approaches to care [40]. These
leaders may thus have a more positive perception of the
advantages of using health information technology to improve
efficiency and provide high-quality and safer treatment services
to patients [41].

An incremental approach to deploying EHR (eg, the initial
introduction of computerized systemsfor scheduling or billing)
may also be relevant. Health care providers and staff may be
more likely to use the EHR system and have a more positive
perception of its use when integrated into the workflow
[39,42,43]. These findings suggest that, rather than
implementing a comprehensive EHR system in SUD treatment
programsin asingle phase, program managers should consider
introducing EHR in multiple phases. The integrated and
workflow-focused approach is particularly useful in health
systems that manage complex patients and necessarily require
coordination between providers or across health care facilities
(eg, integrating SUD treatment in primary care) [21]. This
approach, along with an organizational culture where staff are
trained in EHR functionalitiesrel ated to their core practice areas,
may further EHR adoption [17,18]. This adoption strategy
highlights key organizational factors that have been previously
identified and could be intervened upon to incentivize EHR
adoption and implementation.

Wefound that programsthat were public or private, of nonprofit
ownership, or interested in participating in aPCMH were more
likely to adopt EHR. Most of the research that has considered
ownership type has explored hospital-based speciaty SUD
treatment programs [44,45], but some have focused on SUD
facilities [46,47]. The studies often report that facilities with
nonprofit ownership are more likely to adopt EHR systems
compared to for-profit facilities. Compared to nonprofit
hospitals, for-profit and government-owned facilities had less
likely odds of basic EHR adoption [29]. Exclusive use of EHR
for core clinical purposes has also been associated with public
ownership among SUD facilities, with nonprofit ownership
compared to private for-profit ownership [17]. It isworth noting
that findings on public ownership and EHR adoption, especially
in behavioral and SUD contexts, have been mixed. Some studies
show that private facilities have higher rates of EHR adoption
[48], while others show that public and nonprofit facilities are
more likely to adopt EHR [49]. These findings generate further
guestions on the differencesin adoption among different systems
and whether structural factors, such as ownership type, may
necessitate varied implementation strategies. and the extent to
which the allocation of resources and incentives may promote
adoption and use.

Existing research has a so broadly demonstrated the rel ationship
between the use of health information technology, including
EHRs, and participation in incentive-based programs such as
PCMHSs [29]. Most of the studies of PCMHSs have, however,
focused on ambulatory health care, long-term care facilities,
and hospitals [50-53]. Less attention has been given to SUD
programs and has thus created gaps in knowledge on how these
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initiatives influence service delivery in the SUD context
[46,47,54]. Additionally, achieving PCMH status is intricately
linked with health information technologies and is equally
relevant to SUD programs. Specifically, the National Committee
for Quality Assurance, in its introduction of the PCMH
framework, noted that technologies, including EHR, to support
the documentation and tracking of care are aligned with
improving quality of care [55]. Accordingly, EHR systems,
through care coordination, exchange of health data, and data
use, have been shown to provide a pathway to streamline the
implementation of PCMH [56]. Strategies to promote and
facilitate the adoption of EHR in SUD programs should consider
models such as participation in a PCMH, which may serve as
catalysts for adoption. These care models are designed to
promote information sharing, coordination, and collaboration
across providersand arewell aligned with the broader objectives
of care integration.

Integrating mental health and behavioral health services
programsinto comprehensive primary health care, for example,
has been widely acknowledged as crucial to addressing
behavioral health crises [57,58]. The implementation and use
of evidence-based practices to facilitate integrated behavioral
health has become an urgent policy concern and a priority in
reforming health systems in the United States [59,60]. Of the
identified major obstacles in integrated behavioral health care,
how to effectively address the fragmentation of SUD treatment
facilities from larger health systems (eg, the excluded health
information exchange systems and billing systems) has been
considered critical. In particular, SUD treatment services have
often been provided in separate specialty SUD programs or
mental health programs. SUD treatment data similarly tend to
be excluded from the EHRs of larger health systems [61,62].
This fragmented service delivery persists, even though SUD
patients often requireinterdisciplinary carefrom adiverserange
of specialists and health care providers across different health
care ingtitutions. EHRs have the potential to facilitate these
processes by enhancing communication and promoting care
coordination. These efforts, if successful, could have an overall
positiveimpact on improving care delivery, including adherence
to guidelines, reductions in medication errors, and the cost of
care[26,57].

The cost of EHR has been noted as one of the largest
contributing factorsto the low rates of EHR adoption [63]. We
identified 3 major barriers among the 13 barriers to adoption,
including start-up financia costs, ongoing financial costs, and
privacy or security concerns.

An earlier study investigated the long-standing cost-related
barriers to the adoption and use of EHR and found that they
may be associated with the uncertain determination of the health
care entity that should bear these costs. Specifically, while health
care payers may realize the most benefit, health care
organizations that deliver services often finance EHR adoption
and implementation. These costs extend beyond the initial
uptake of these systems, with additional costs incurred as a
result of system wupgrades and maintenance. This
payment-benefit disconnect, with respect to EHR systems,
creates a disincentive for health care delivery organizations to
add EHR systems or adopt acomprehensive set of functionalities
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to their operations [63]. Interoperability of EHR among
programs due to privacy and security restrictions by the federal
regulatory 42 CFR Part 2 has al so been shown to be acommon
barrier to EHR adoption [23,27,33]. These constraints are
compounded by SUD treatment programs, which are often
smaller in size and subject to even more funding constraints
[17,64].

Understanding changes in the adoption of EHR and factors
associated with adoption over time is an important first step to
developing strategies and policies that promote and facilitate
the adoption of EHR in SUD programs. This paper hasidentified
the pattern of EHR adoption as well as the characteristics of
treatment programs that may have influenced the adoption of
EHR between 2014 and 2017. Our research identified program
characteristics that could be intervened upon and provide
incentives for SUD treatment programs to implement EHR.
These efforts should emphasize the multiple organizational
tensions of innovation processes, for example, adoption and use
of EHR, and highlight the relevance of research and
policy-informed management of organizations' tensions as a
key strategic direction [43].

Limitations

There are some limitationsto our study that must be considered.
The latest year of data included in our analysisis 2017 [42],
and there may have been considerable changesin the adoption
of EHR in SUD programs since this period. In addition, the
NDATSS is cross-sectional, and we therefore cannot examine
causal relationships. This study, however, remains relevant in
that it is one of the few studies to date to examine the adoption
of EHR in outpatient SUD programs. Our findings highlighted
patterns of EHR adoption in SUD treatment and
organizational-level factors associated with adoption. Thisstudy
also makes an important contribution to knowledge of SUD
programs and EHR adoption and provides information on a
robust set of factors that may have implications for policy and
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practice. Future studies, based on more recent data, are needed
to further support our findings. These studies should aim to
identify changesin adoption rates and examine changesin SUD
operating environments that may influence patterns of EHR
adoption and use.

Moreover, we did not examine the features of EHR systems
adopted by programs or the use of EHR features. This level of
analysiswould provide additional information that may be useful
for understanding the rel ationship between features and the use
of EHR systems. These analyses could also provide further
insights into how the adoption of EHR may influence other
outcomes, especially those at the patient level. Lastly, SUD
treatment programs are dynamic and operate in a
policy-intensive and resource-constrained environment. Future
studies should therefore include afocus on policies, processes,
and sources of funding.

Conclusions

Notwithstanding the limitations of this study, our findings
contribute to addressing gaps in an organizational perspective
on EHR adoption in outpatient SUD programs and do so from
a national perspective. Our results show that the adoption of
EHR in SUD treatment programsincreased from 2014 to 2017,
yet a considerable proportion of programs had not adopted an
EHR system by 2017. We identified barriers to EHR adoption
and associations between adoption of an EHR and key
characteristics of programs, including previous use of other
technology, ownership type, and interest in participating in a
PCMH. One of the salient hurdles, unveiled by our research, is
the persistent cost and financing related to EHR adoption.
Multipronged strategiesthat promote EHR adoptions, including
incentive models and processes that address the identified
barriers, are needed to reinforce internal and externa
organization characteristics that are likely to facilitate the
adoption and use of EHR in SUD programs.
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