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Using survival analysis to 
Understand Patterns of  
sustainment within a system-Driven 
implementation of Multiple evidence-
Based Practices for children’s 
Mental health services
Lauren Brookman-Frazee1,2, Chanel Zhan3*, Nicole Stadnick1,2, David Sommerfeld1,2,  
Scott Roesch2,4, Gregory A. Aarons1,2, Debbie Innes-Gomberg5, Lillian Bando5  
and Anna S. Lau3

1 Department of Psychiatry, University of California, La Jolla, San Diego, CA, United States, 2 Child and Adolescent  
Services Research Center, San Diego, CA, United States, 3 Department of Psychology, University of California, Los Angeles, 
Los Angeles, CA, United States, 4 Department of Psychology, San Diego State University, San Diego, CA, United States, 
5 Los Angeles County Department of Mental Health, Los Angeles, CA, United States

Evidence-based practice (EBP) implementation requires substantial resources in work-
force training; yet, failure to achieve long-term sustainment can result in poor return on 
investment. There is limited research on EBP sustainment in mental health services long 
after implementation. This study examined therapists’ continued vs. discontinued prac-
tice delivery based on administrative claims for reimbursement for six EBPs [Cognitive 
Behavioral Interventions for Trauma in Schools (CBITS), Child–Parent Psychotherapy, 
Managing and Adapting Practices (MAP), Seeking Safety (SS), Trauma-Focused 
Cognitive Behavior Therapy (TF-CBT), and Positive Parenting Program] adopted in a 
system-driven implementation effort in public mental health services for children. Our 
goal was to identify agency and therapist factors associated with a sustained EBP 
delivery. Survival analysis (i.e., Kaplan–Meier survival functions, log-rank tests, and Cox 
regressions) was used to analyze 19 fiscal quarters (i.e., approximately 57 months) 
of claims data from the Prevention and Early Intervention Transformation within the 
Los Angeles County Department of Mental Health. These data comprised 2,322,389 
claims made by 6,873 therapists across 88 agencies. Survival time was represented 
by the time elapsed from therapists’ first to final claims for each practice and for any of 
the six EBPs. Results indicate that therapists continued to deliver at least one EBP for 
a mean survival time of 21.73 months (median = 18.70). When compared to a survival 
curve of the five other EBPs, CBITS, SS, and TP demonstrated a higher risk of delivery 
discontinuation, whereas MAP and TF-CBT demonstrated a lower risk of delivery dis-
continuation. A multivariate Cox regression model revealed that agency (centralization 
and service setting) and therapist (demographics, discipline, and case-mix character-
istics) characteristics were significantly associated with risk of delivery discontinuation 
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inTrODUcTiOn

In response to a national call for an increased delivery of evi-
dence-based practices (EBPs) in routine-care settings to improve 
the quality of care (1–4), mental health systems have increasingly 
mandated or incentivized the implementation of EBPs. As of 
2014, more than 20 states have implemented evidence-based 
mental health therapies or medication practices either directly or 
through contracts with other organizations (5–8).

Evidence-based practice implementation requires substantial 
investments to support the mental health workforce (9, 10). Such 
costs are incurred through clinicians’ time spent on attending 
trainings (i.e., lost revenue for the agency) and costs to facilitate 
the supervision and fidelity monitoring of newly trained staff, 
including payments to external consultants or trainers (11). For 
example, staff training and supervision account for 24 and 17.3%, 
respectively, of the total costs associated with the implementation 
of Trauma-Focused Cognitive Behavioral Therapy (TF-CBT) at 
10 community mental health (CMH) agencies (11). Other major 
costs identified included non-billable provider time (11.8%) 
and implementation-related team meetings (11.0%). In mental 
health services, workforce costs may be especially high given 
the complexity of multicomponent psychosocial EBPs, many of 
which have intensive certification requirements (12). As noted by 
Proctor et al. (13), these costs are dependent on the complexity, 
strategy, and setting of an intervention. As such, an even greater 
investment is needed when multiple complex interventions are 
rolled out in tandem in a given service system (14).

While there is a growing literature on the factors influencing 
the initial implementation of EBPs, less is known about what 
transpires in the years following their adoption (15–18). Failure 
to achieve long-term sustainment of adopted EBPs results in poor 
return on investment due to the limited public health impact of 
initiatives (19–21). It is therefore important to examine patterns of 
EBP sustainment and to identify agency and therapist factors that 
are associated with sustainment vs. discontinuation of practice 
delivery over time and inform the tailoring of implementation 
strategies.

Lack of EBP sustainment and limited success in future EBP 
implementation efforts are yoked, and potential barriers to prac-
tice sustainment abound. In some service settings, new EBPs tend 
to be cyclically adopted and de-adopted, based on local, state, 
or federal requirements, practice “trends,” and other contextual 
influences. Without effective sustainment, these serial EBP 

adoption and de-adoption cycles have immediate costs in terms 
of finances, person hours, and later downstream consequences, 
such as implementation overload and learned helplessness (22), 
staff cynicism, and resistance to innovation (23). However, two 
persistent conditions in public mental health service systems 
are key drivers of sustainment failures. First, stakeholders at the 
agency, system, and EBP developer levels have reported staff 
turnover to be the greatest barrier to sustainment (24). Second, 
inadequate long-term funding of implementation initiatives is a 
common challenge to EBP sustainment. In a study by Bond et al. 
(25) of the sustainment of five EBPs implemented across eight 
states, barriers to sustainment varied by site: 94% of discontinu-
ing sites identified financial reasons as a major barrier, followed 
by 47% of discontinuing sites citing workforce factors (e.g., the 
availability of certified practitioners). By contrast, studying 
sustainment in the context of long-term stable funding of imple-
mentation may help to reveal other provider-level characteristics 
that promote EBP sustainment. Furthermore, when considering 
system-level outcomes, it is unclear whether EBP sustainment 
is maintained at the system level even when providers turn over 
across agencies or organizational units.

Sustainment has been measured in a variety of ways; moreover, 
sustainment outcomes may depend on how and when sustain-
ment is assessed (17, 26). Possible sustainment outcomes include 
reach/penetration (i.e., the extent to which a practice is integrated 
in a service setting as a proportion of population served or popu-
lation of providers delivering care) or service volume (i.e., the 
extent to which a practice is delivered over time in a number of 
agencies, therapists, children, and units of service) (27). Another 
major index of sustainment is the extent to which trained thera-
pists continue to deliver an EBP to clients in a system once they 
are trained to do so.

As previously noted, staff turnover at agencies has been identi-
fied as a barrier to sustainment, representing penetration-related 
losses in training investments at the organization level [e.g., Ref. 
(28, 29)]. However, it is plausible that workforce investments 
may continue to yield benefits at the system level to the extent 
that therapists move between organizational units within a larger 
system that share fiscal resources. For example, Beidas et al. (10) 
found that 55% of the staff who left a CMH agency within 1 year 
of follow-up remained in the public sector system, whereas 35% 
acquired new jobs in the private sector. These findings suggest that 
even though EBP-training investments may be lost at the agency 
level when a staff member leaves the agency, some proportion of 

for any of the six EBPs. This study illustrates a novel application of survival analysis to 
administrative claims data in system-driven implementation of multiple EBPs. Findings 
reveal variability in the long-term continuation of therapist-level delivery of EBPs and 
highlight the importance of both agency and workforce characteristics in the sustained 
delivery of EBPs. Findings direct the field to potential targets of sustainment interven-
tions (e.g., strategic assignment of therapists to EBP training and strategic selection 
of EBPs by agencies).

Keywords: evidence-based practices, sustainment, survival analysis, administrative claims data, children’s 
mental health services
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this loss may be recaptured within a system when the provider is 
retained at another unit within the system. The extent to which 
this occurs has not been studied and offers a complementary sus-
tainment outcome that is particularly relevant to system-driven 
implementation efforts.

Administrative claims data have been identified as a valuable 
resource for researchers and policymakers alike to understand the 
sustainment of mental health policy/program initiatives across 
agencies (15, 30, 31, 32, 33). Claims data provide an opportunity 
for a novel application of survival analysis to examine sustain-
ment in the context of large, system-driven EBP implementations. 
Also known as duration analysis, event history analysis, or failure 
analysis, among other names, survival analysis is an analytic 
method used in a variety of fields, ranging from economics to 
sociology to engineering to measure the length of time until a 
defined event occurs (34). In mental health research, survival 
analysis has been used to examine therapist turnover [e.g., Ref. 
(29)] and client attrition/psychotherapy termination at a clinic 
[e.g., (35)], but has yet to be harnessed to study EBP sustainment 
in mental health services. Administrative claims data also provide 
the opportunity to identify potential factors associated with a 
sustained EBP delivery. It is plausible, for example, that certain 
therapist characteristics (e.g., bilingual competence) and case-
mix characteristics (e.g., alignment of predominant population 
diagnosis to EBP) may bode well for a sustained EBP delivery.

MaTerials anD MeThODs

context
The current study is an exploratory one that applies survival 
analysis to a novel context—measuring therapists’ sustained 
delivery of multiple EBPs in the context of a system-driven 
implementation. Administrative data were collected through 
the Prevention and Early Intervention (PEI) program in the Los 
Angeles County Department of Mental Health (LACDMH), 
the largest county mental health department in the USA (27). 
The purpose of this study was to use EBP-specific claims data to 
(1) characterize therapists’ continued vs. discontinued delivery 
of six EBPs [Cognitive Behavioral Interventions for Trauma in 
Schools (CBITS), Child–Parent Psychotherapy (CPP), Managing 
and Adapting Practice (MAP), Seeking Safety (SS), TF-CBT, 
and Positive Parenting Program (Triple P)] and (2) identify 
factors associated with a sustained EBP delivery. Consistent 
with implementation models [e.g., Ref. (26)], organizational and 
therapist characteristics [e.g., Ref. (25, 36, 37)] as well as case-
mix characteristics [e.g., Ref. (15)] have been associated with 
implementation outcomes.

Beginning in fiscal year 2010–2011 and within the context 
of a state budget shortfall, LACDMH-contracted agencies and 
directly operated programs were offered the opportunity for 
reimbursement for the delivery of a number of evidence-based 
and community-defined EBPs through the PEI transformation 
in children’s mental health services. LACDMH furnished initial 
implementation support (i.e., initial training and consultation) 
for six EBPs for children and adolescents, including CBITS, CPP, 
MAP, SS, TF-CBT, and Triple P, which were selected for supported 

implementation based on both the presenting problems (not 
diagnosis) targeted and the capacity of the EBP developers to 
train very large numbers of therapists within a short time frame 
(38). Table 1 provides a brief summary of these EBPs. Training 
was ongoing throughout the study time frame; therapists could be 
trained and begin claiming under PEI at any time within the 19 
fiscal quarters. Funding support for PEI training and delivery was 
also ongoing, as dictated by the California Mental Health Services 
Act, which was passed by voters in 2004. This is a permanent 
state-funding stream that can only be terminated or altered by a 
majority of state voters through a new ballot initiative. However, 
county plans for fund administration may be subject to change. 
Generally, therapists received training in some but not all of 
the six practices. As indicated in a recent paper (39) examining 
survey responses from a sample of 720 therapists in this county, 
therapists were trained in an average of 2.42 (SD = 1.04) out of 
these six possible practices.

Procedures
The current study extracted administrative PEI claims data for 
the six initial EBPs supported by LACDMH for implementation 
in children’s mental health services, spanning 19 fiscal quarters, 
or approximately 57  months, between fiscal years 2009–2010 
(Quarter 4) and fiscal years 2014–2015 (Quarter 2). These data 
capture the initial rollout through early sustainment period of 
this EBP implementation effort. Claims for this study were 
restricted to “psychotherapy” units of service that were delivered 
to clients under 21 years old (defined as youth by LACDMH), 
that occurred between May 11, 2010, and December 31, 2014, and 
that were delivered by therapists who billed at least three psycho-
therapy claims during this time frame. These data represent 6,873 
unique therapists who were employed within 88 unique agencies 
and billed a total of 2,322,389 psychotherapy claims. Claims were 
aggregated to the therapist level for the delivery of each practice 
and for the delivery of any of the six EBPs.

As part of the larger 4KEEPS Project (27), this study was 
approved by the Institutional Review Board at the University of 
California, Los Angeles, CA, USA.

Participants
A total of 6,873 therapists were represented in the extracted 
claims across the study period. Therapist demographic, profes-
sional, and case-mix characteristics derived from the claims data 
are provided in Table 2.

Measures
All therapist characteristics were derived from the claims data. 
For each categorical variable, the largest category was selected 
as the reference group. The following therapist demographics 
were included as categorical predictors in each model: primary 
language (English, Spanish, other), discipline/type at the time of 
therapist’s first PEI claim [marriage and family therapist (MFT), 
rehabilitation professional, counselor, social worker, trainee, 
psychiatrist, other], and race/ethnicity (Hispanic/Latino, non-
Hispanic White, other non-Hispanic minority).

Therapist service characteristics included the following 
continuous predictors: the average number of claims that the 
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TaBle 1 | Indicated age range, target problems, and consultation and training requirements for the six EBPs as noted in the PEI Implementation Handbook, Revised 
July 2016.

indicated age 
range (years)

Target  
problems

Ongoing  
consultation

Minimum training  
required before  
claiming is allowed

Train-the-
trainer 

allowed?

Cognitive Behavioral 
Intervention for  
Trauma in Schools

10–15 PTSD, traumatic stress Weekly consultation calls for  
at least 10 weeks are required

2-day on-site Yes

Child–Parent  
Psychotherapy

0–6 Trauma, poor attachment Bi-weekly group consultation calls for  
18 months; 6- and 12-month booster  
trainings are required 

Initial 2½ days No

Managing and  
Adapting Practice

0–23 Anxiety, conduct, depression, 
traumatic stress

Twice-monthly consultation calls for  
6 months are required (unless trained  
by an agency-based supervisor)

8 h Yes

Seeking Safety 13+ PTSD, substance use Consultation calls are not required Initial 6 h Yes

Trauma-Focused  
Cognitive Behavioral 
Therapy

3–18 PTSD, traumatic stress 12 consultation calls and a booster  
training are required

Webinar and initial 2-day 
in-person

No

Positive Parenting  
Program

0–18 Disruptive behavior,  
family dysfunction

Consultation calls are not required Initial training (1–3 days) No
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therapist billed to PEI per active day, the average number of 
unique clients served per month, the total number of agencies at 
which the therapist claimed for one of the six PEI EBPs during 
the time frame, and the total number of EBPs out of six for which 
a therapist claimed. An active day was defined as a day in which 
a therapist made at least one claim. The practice for which each 
therapist made the most claims was included as a predictor in 
the model examining continued delivery of any of the six EBPs.

Therapist case-mix characteristics included the following 
continuous predictors, which were determined based on the per-
centage composition of a therapist’s total caseload or total claims 
during the time frame: client admission diagnosis (percentage of 
a therapist’s caseload whose admission diagnosis was an adjust-
ment disorder or a disorder other than mood/anxiety, disruptive 
behaviors, ADHD, or trauma), client ethnicity (percentage of a 
therapist’s caseload that is Hispanic), and service setting [percent-
age of a therapist’s claims that take place in an office rather than 
in field settings (home, school, other community locations)].  
In addition, the average client age and client gender (percent-
age of a therapist’s caseload that is male) were included in the 
model as continuous variables. We examined the percentage of 
a therapist’s caseload whose primary diagnosis was an adjust-
ment or other disorder, because these disorders are not explicitly 
matched to presenting problems targeted by the EBPs; thus, high 
proportions may relate to discontinuation. Second, we examined 
the percentage of a therapist’s caseload that is Hispanic, reasoning 
that therapists who serve a high proportion of the most well-
represented ethnic group in the LACDMH child population may 
be more likely to be retained in the system. Third, we included the 
percentage of a therapist’s total claims that occurred in the office, 
because it is reasonable to ask whether providing more office-
based or field-based services may relate to sustained EBP delivery.

To assess agency factors, agency centralization (multiple sites 
vs. single site) was included as a predictor in the model. Agency 
centralization data were obtained from DMH technical site visits 

in fiscal years 2011–2012 and 2012–2013 (38). Whether or not 
an agency has multiple sites can also be construed as a binary 
indicator of agency size.

analysis Plan
Characterizing Duration of Therapists’  
Continued EBP Delivery
The mean and median lengths of delivery (i.e., survival times) 
were calculated for the delivery of each practice and for the deliv-
ery of any of the six EBPs. Kaplan–Meier (KM) survival functions 
were generated as well, and differences across the six EBPs were 
determined using the log-rank, Wilcoxon, and Tarone–Ware tests 
of survival function equality. Since the results of the three tests 
did not differ, only results from the log-rank test are reported 
below.

Factors Associated with Risk of Discontinuation  
of Any EBP
A multivariate Cox regression (semi-parametric survival analy-
ses) model was performed to determine the unique contribution 
of each predictor variable to the sustainment of therapists’ overall 
EBP practice delivery. The Cox regression model was selected 
because, as a semi-parametric model, no assumption had to be 
made about the distribution of the survival time (40). Survival 
time represented the time elapsed, in units of months, from the 
time of the therapist’s first claim to the time of the therapist’s final 
claim for any of the six EBPs. The binary outcome variable was  
(1) sustained delivery (i.e., censored) vs. (2) discontinued deliv-
ery (i.e., failure event). Sustained delivery was right-censored 
and defined as a continued claiming through the end of available 
claiming data, which was the fourth fiscal quarter (Q4), or the 
final 3 months, of 2014, between October 1 and December 31, 
2014. Discontinued delivery was defined as not claiming for any 
of the six EBPs during this final quarter of our data. Therapists 
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TaBle 2 | Therapist-level demographic, service, case-mix, and agency 
characteristics.

categorical 
variables

continuous 
variables

n % Mean sD

Demographics
Made first claim in 2010  
(early entry control)

2,037 29.6

Discipline/type
Marriage and family therapist 1,954 28.4
Rehabilitation professional 1,407 20.5
Counselor 1,355 19.7
Social worker 795 11.6
Trainee 530 7.7
Other 648 4.4
Psychiatrist 184 2.7

Primary language
English 3,868 56.3
Spanish 2,392 34.8
Other 613 8.9

Ethnicity
Hispanic/Latino 2,392 34.8
Other non-Hispanic minority 2,422 35.3
Non-Hispanic White 2,059 30.0

service characteristics
Average number of EBP  
claims made per active day

1.81 0.83

Average number of clients  
served per month with EBP

1.38 2.54

Number of agencies at which  
therapists billed

1.13 0.40

Number of EBPs for which therapist 
billed

2.18 1.11

case-mix characteristics
Client race/ethnicity (% of a therapist’s caseload)

Hispanic 64.13% 29.31%
Other non-Hispanic minority 22.65% 25.01%
Non-Hispanic White 9.40% 15.51%

Client primary presenting problem/ 
admission diagnosis (% of a therapist’s caseload)

Internalizing disorders: mood or 
anxiety disorders

42.56% 26.75%

Externalizing disorders: disruptive 
behavior disorders or ADHD

29.94% 24.26%

Adjustment or other disorders 17.56% 22.40%
Trauma disorders 9.90% 16.06%

Client average age 11.79 3.40
Client gender (% males) 53.66 27.13
Service setting (% of a therapist’s total claims)

Office (outpatient) 57.28% 37.32%
Home 19.78% 27.02%
School 13.12% 21.36%
Other 9.07% 20.97%

agency characteristic
Final claim agency having multiple sites 5,158 75.0
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period in 2010 (i.e., early entry) or 2011 or later (i.e., later entry). 
In addition, consistent with the “shared frailty” approach used 
by Aarons et al. (29), we included agency ID for the last agency 
at which a therapist claimed as a term in the model, in order to 
account for the unobserved agency-level random effect, or shared 
frailty, of therapists nested within an agency (40). Therapists 
working at the same agency are presumably subject to the same 
external environment (e.g., agency climate), which suggests that 
therapists of a single agency would have a “shared” or a “common” 
value for their frailty, which represents the therapist’s inherent but 
unmeasured likelihood of experiencing the event of interest (i.e., 
discontinued delivery) (40). For 88.9% of the therapists, the final 
agency was the only agency at which the therapist claimed.

Following a test of the proportional hazards assumption 
of Cox regressions, a few variables violated the assumption of 
proportionality, which were consequently entered into the model 
as having time-varying coefficients: the average number of claims 
made per active day, the number of agencies at which therapists 
billed to PEI for one of the six EBPs, and the number of EBPs 
for which therapists billed to PEI. For all categorical variables, 
the category represented by the largest number of therapists was 
selected as the reference category.

All analyses were performed using Stata/SE 13.0 (41).

resUlTs

On average, therapists made 337.9 (SD = 467.09) claims to the 
six EBPs of interest and delivered these interventions to 22.25 
(SD  =  28) clients across the 57  months under study. In this 
sample, 6,111 (88.9%) therapists made psychotherapy claims 
for at least one of the six EBPs at only one agency, 652 (9.5%) 
billed at two agencies, 89 (1.3%) at three agencies, 19 (0.3%) at 
four agencies, and 2 (0.03%) billed at five agencies. Therapists 
claimed for an average of 2.18 (SD = 1.11) EBPs (range = 1–6) 
during the time frame of our data. In addition, 2,387 (34.7%) 
therapists claimed for one practice; 29.7% claimed for two EBPs, 
21.1% claimed for three EBPs, 12.1% claimed for four EBPs, and  
2.4% claimed for five or six EBPs. Two thousand and thirty-
seven therapists (29.6%) made their first PEI claim for these 
six EBPs in 2010, whereas 1,651 (24.0%), 1,411 (20.5%), 1,068 
(15.5%), and 706 (10.3%) therapists began claiming in 2011, 
2012, 2013, and 2014, respectively. One hundred and thirty-nine 
therapists (2.0%) made their final PEI claim for these six EBPs 
in 2010, whereas 546 (7.9%), 972 (14.1%), 1,364 (19.8%), and 
3,852 (56.0%) therapists’ final claim in this dataset occurred in 
2011, 2012, 2013, and 2014, respectively. On average, the length 
of time from a therapist’s first to final PEI claim within the study 
time frame and parameters was 21.71 months (SD = 16.32). The 
average age of clients served was 11.79 (SD = 3.40) years. With 
respect to the final agency at which each therapist delivered 
services, 5,158 (75.1%) therapists’ final agencies had multiple 
sites (vs. a single site), and those agencies served an average of 
1,899 (SD = 1,633.4) child/youth clients during the time frame 
of our data. Based on making their first PEI claim on or before 
December 31, 2010, 2,037 (29.6%) therapists were in the initial 
cohort of therapists involved at the outset of this system-driven 
implementation effort.

who “paused” claiming for EBPs over a 3-month period prior to 
2014 (e.g., in 2012, 2013, or 2014) but who resumed claims were 
not considered to experience a discontinuation event.

A single model examining the predictors of the delivery of any 
of the six EBPs was conducted. The model controlled for whether 
the therapist began billing for PEI services during the initial rollout 
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FigUre 1 | Cumulative Kaplan–Meier survival functions for therapist delivery of each EBP and of any of the six EBPs.

TaBle 3 | The mean and median survival times (months) for EBP delivery in the descending order of median survival time.

Total 
therapists

eventsa  
(n, %)

censoredb  
(n, %)

Mean survival 
time (months)

Median survival 
time (months)

Min 
(months)

Max 
(months)

Any of the six practices 6,873 4,430 (64.5%) 2,443 (35.5%) 21.73 18.70 0.033 56.10
Managing and Adapting Practices 4,328 2,830 (65.4%) 1,498 (34.6%) 18.16 15.30 0.033 53.80
Trauma Focused-Cognitive Behavior Therapy 4,392 3,239 (73.7%) 1,153 (26.3%) 18.78 14.60 0.033 55.77
Child–Parent Psychotherapy 950 666 (70.1%) 284 (29.9%) 16.53 12.60 0.033 56.10
Positive Parenting Program 1,807 1,479 (81.8%) 328 (18.2%) 16.18 11.43 0.033 54.77
Seeking Safety 3,353 2,447 (73.0%) 906 (27.0%) 16.58 11.20 0.033 55.63
Cognitive Behavioral Interventions  
for Trauma in Schools

145 142 (97.9%) 3 (2.1%) 8.90 3.97 0.467 50.87

aThe number of events represents the number of therapists who discontinued delivery (i.e., made no claims during the final fiscal quarter of 2014).
bThe percentage of total therapists who continued to deliver during the final fiscal quarter of 2014.
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characterizing continued eBP Delivery
Among all therapists, 2,443 (35.5%) continued delivery of any 
of the six EBPs at the end of the study time frame. Table  3 
displays the mean and median survival times, as well as the 
frequency of discontinued delivery for each practice. Figure 1 
shows graphical illustrations of the KM survival functions for 
therapist delivery of each practice and of any of the six EBPs of 
interest.

A visual inspection of Figure  1 indicates that CBITS had 
a higher risk of discontinuation than the delivery of the other 
EBPs. The log-rank test of survival function equality revealed 
significant differences across the six EBPs, X2 = 207.1, df = 5, 
p < 0.001. To identify the specific EBPs that were different from 
the rest, follow-up log-rank tests were performed to compare the 
survival curve of each practice to the combined survival curve 
of the five other EBPs (29). Results revealed that the survival 
curve for CPP delivery did not significantly differ from the 
survival curve of the other EBPs (X2 = 0.02, df = 1, p = 0.878). 

CBITS (X2 = 97.84, df = 1, p < 0.001), SS (X2 = 14.81, df = 1, 
p  <  0.001), and Triple P (X2  =  58.89, df  =  1, p  <  0.001) had 
a significantly higher risk of delivery discontinuation than the 
other EBPs, whereas MAP (X2 = 60.86, df = 1, p < 0.001) and 
TF-CBT (X2 = 4.05, df = 1, p < 0.05) had a significantly lower 
risk than the other EBPs. These results align with the patterns 
visible in Figure 1.

Factors associated with risk of 
Discontinuation of any eBP
Table  4 and Figure  2 display the results of the multivariate 
model including predictors of discontinued delivery of any of 
the six EBPs. For further ease of interpretation, please refer 
to Figure  2 for illustration of the relative risk of significant 
predictors. After controlling for whether therapists made their 
first claim in 2010 or later, results revealed a number of vari-
ables to be significantly associated with a risk of discontinued 
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TaBle 4 | Cox regression model for therapists’ discounted delivery of any of the 
six Prevention and Early Intervention (PEI) EBPs.

hr se

Later entry control (reference = early entry) 1.681*** 0.060

Therapist demographics
Therapist type/discipline (reference = marriage and family therapist)

Counselor 1.241*** 0.057
Social worker 1.126* 0.059
Rehabilitation professional 1.124* 0.052
Psychiatrist 1.708*** 0.149
Trainee 1.941*** 0.129
Other (e.g., Case Manager, Psychologist, etc.) 1.234*** 0.072

Therapist primary language (reference = English)
Spanish 0.904* 0.041
Other 1.032 0.055

Therapist ethnicity (reference = Non-Hispanic White)
Hispanic 0.950 0.047
Other non-Hispanic minority 0.902** 0.034

Therapist service characteristics
Average number of claims made per active day 0.983*** 0.001
Average number of clients served per month 1.179*** 0.007
Number of agencies at which therapists billed to PEI 0.996* 0.002
Number of evidence-based practices for which 
therapists billed to PEI

0.987*** <0.001

Practice for which therapist made the most claims (reference = Trauma-
Focused Cognitive Behavior Therapy)

Cognitive Behavioral Interventions  
for Trauma in Schools

2.104** 0.51

Child–Parent Psychotherapy 0.640*** 0.059
Managing and Adapting Practice 0.693*** 0.027
Seeking Safety 0.832** 0.045
Positive Parenting Program 0.813** 0.057

case-mix characteristics
Client ethnicity (% of caseload that is Hispanic) 0.999 <0.001
Client admission diagnosis (% of caseload  
that is adjustment or other disorder)

0.999 <0.001

Client average age 1.022** 0.007
Client gender (% of caseload that is male) 1.001 <0.001
Service setting (% of claims that occurred in the office) 1.0001*** <0.001

agency characteristic
Final agency having multiple sites  
(reference = single site)

1.141*** 0.042

HR, hazard ratio.
*p < 0.05, **p < 0.01, ***p < 0.001.

7

Brookman-Frazee et al. Survival Analysis to Understand Sustainment

Frontiers in Public Health | www.frontiersin.org March 2018 | Volume 6 | Article 54

practice delivery. Note that, for categorical variables, hazard 
ratios indicate how high the risk of discontinuing delivery is 
for a therapist in one group compared to a therapist in another 
group, if all other variables were held constant. For continuous 
variables, hazard ratio indicates a change in the risk of discon-
tinuing delivery if the variable/predictor of interest is increased 
by one unit (42). For example, the hazard ratio of 0.984 for the 
average number of daily claims indicates that, for each addi-
tional claim made per active day and holding other variables 
constant, the risk of discontinuing delivery is 0.984 times lower 
(or 1.6% lower) than the risk of discontinuing delivery for a 
therapist who makes one fewer claim per active day. In the same 
example, for a therapist who makes 10 more claims per active 
day—and holding all other variables constant—the relative 
risk is (0.984)10 = 0.851, or a 14.9% lower risk of discontinuing 
delivery.

Therapist Demographic characteristics
Counselors, social workers, rehabilitation professionals, psy-
chiatrists, trainees, and therapists of other disciplines were at 
24.1, 12.6, 12.4, 70.8, 94.1, and 23.4% higher risk, respectively, 
of discontinuing practice delivery than were MFTs. Therapists 
with Spanish as their primary language exhibited a 9.6% lower 
risk of discontinuing delivery than therapists whose primary 
language was English. In addition, therapists who identified as 
other non-Hispanic Minority demonstrated a 9.8% lower risk 
of discontinuing practice delivery, compared to non-Hispanic 
White therapists.

Therapist service characteristics
Each additional claim made per active day was associated with a 
1.7% decreased risk of discontinuing delivery of any EBP. Each 
additional unique client served per month was associated with 
a 17.9% increased risk of discontinuing practice delivery. Each 
additional agency at which a therapist claimed was associated 
with a 0.4% decreased risk of discontinuing practice delivery. 
Each additional EBP claimed for in total across the study time 
frame was associated with a 1.3% decreased risk of discontinuing 
practice delivery. Therapists who most frequently billed for CPP, 
MAP, SS, and TP exhibited 36, 30.7, 16.8, and 18.7% lower risk, 
respectively, of discontinuing delivery of any of the EBPs, com-
pared to therapists who primarily billed for TF-CBT. Therapists 
who primarily billed for CBITS exhibited a 110.4% higher risk of 
discontinuing any EBP delivery, compared to those who primar-
ily billed for TF-CBT.

case-Mix characteristics
With respect to case-mix composition, neither the percentage 
of a therapist’s caseload that is Hispanic nor the percentage of 
a therapist’s caseload that presented with an adjustment or 
other disorder was significantly associated with an increased 
or a decreased risk. The average age of a therapist’s clients was 
significantly associated with the therapist’s risk of discontinuing 
practice delivery: each additional year of clients’ average age was 
associated with a 2.2% increased risk. The proportion of male 
clients on a therapists’ PEI caseload was not significantly associ-
ated with a risk of discontinuing practice delivery. With respect 
to service setting, the percentage of a therapist’s total claims that 
were made in the office was associated with a 0.01% increased risk 
of discontinuing practice delivery.

agency characteristic
A therapist whose final claim was made at a multisite agency 
exhibited a 14.1% higher risk of discontinuing delivery than a 
therapist whose final claim was made at a single-site agency.

DiscUssiOn

This study highlights a novel application of survival analysis to 
understand EBP sustainment using administrative claims data to 
track system-level sustainment of six EBPs over 19 fiscal quarters. 
Administrative claims were made by therapists delivering EBPs in 
the context of a system-driven, fiscally mandated implementation 
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FigUre 2 | Visual representation of significant predictors in the Cox regression model of discontinued delivery of any of the six EBPs. *p < 0.05, **p < 0.01, 
***p < 0.001.
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of EBPs (i.e., the PEI transformation); PEI funding was available 
throughout the study time frame. Results revealed that the aver-
age survival time for any of the six EBPs within the 57-month 
study time frame was 21 months, with the average survival time 
for individual EBPs differing significantly with a range from 9 
(CBITS) to 19  months (TF-CBT). Overall, therapist demo-
graphic, case-mix, and service characteristics, as well as agency 

characteristics (centralization), were significantly associated with 
a risk of therapists’ discontinuation of any EBP. Consequently, 
these conditions may have implications for return on investment 
in EBP training.

The first aim of this study was to characterize sustained deliv-
ery of any of the six EBPs and examine differences by EBP. As 
shown in Table 3, the mean and median survival times for the 
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delivery of each EBP or of any of the six EBPs were under 2 years, 
suggesting that our 5 years of claims data allow for interpretable 
conclusions. As would be expected, the median survival time is 
lower than the mean, in part because of the presence of positive 
outlier therapists who have continued to bill for long periods. 
However, the mean survival time can be tricky to interpret when 
there are unequal observation times for each therapist; for exam-
ple, a therapist could have begun delivering an EBP with only 
a few months of observation time remaining, with a substantial 
portion of censored data. The mean is therefore dependent on 
the time frame of this specific study, and the mean time of actual 
usage in the field is likely to be even longer than what is reported. 
The median survival time is less susceptible to the influence of 
study time frame and is more reflective of the median time of 
actual usage.

Relative to a combined survival curve of the delivery of five 
other EBPs, therapists who primarily delivered CBITS, SS, and 
Triple P had a higher risk of discontinuation, whereas therapists 
who primarily claimed for MAP and TF-CBT had a lower risk of 
discontinuation within the system. It is unsurprising that CBITS 
exhibited such a high risk for discontinued delivery; it was never 
adopted widely by therapists, in part due to its limitation as a 
school-only EBP (38). Indeed, studies have found program lead-
ers to have positive perceptions of MAP due to the wide range of 
cases or clients that MAP can be used with (39, 43). In addition, 
MAP, TF-CBT, and CPP require ongoing consultation, which may 
have implications for their sustained delivery (44). By contrast, SS 
and TP do not require ongoing consultation.

The current findings are somewhat consistent with findings on 
volume-based penetration using the same dataset, in which Triple 
P, CPP, and CBITS had a lower volume of claims, relative to MAP, 
TF-CBT, and SS (15). However, the present study found that SS 
had a significantly higher risk of delivery discontinuation than the 
other EBPs, and that CPP risk did not differ significantly from the 
other EBPs. These differences reflect how the analysis of different 
types of sustainment outcomes (claims volume/penetration vs. 
therapist discontinuation) may generate both convergent and 
divergent findings.

The second aim of this study was to identify factors associ-
ated with the likelihood of sustained practice delivery for any 
of the six EBPs. Our model controlled for whether a therapist 
started claiming for PEI in the first year of PEI rollout or later. 
Starting with workforce characteristics as predictors, social 
workers, trainees, psychiatrists, counselors, therapists of other 
disciplines (e.g., case managers, psychologists), and rehabilita-
tion professionals at the time of their first claim were all more 
likely to discontinue delivery than MFTs. Particularly striking 
are the hazard ratios for trainees and psychiatrists, who exhibit 
nearly twice as much risk of discontinuing delivery (94.1 and 
70.8%) as MFTs. These findings suggest that allocating EBP 
training resources—at least for these six EBPs—toward tempo-
rary employees may represent shorter-term investments.

We found that therapists whose primary language was Spanish 
were at a significantly lower risk of EBP discontinuation. This 
group represents 34.8% of the therapist workforce represented in 
the data. The finding suggests that therapists who are prepared to 
serve the large proportion of non-English, Spanish speakers in the 

County system are retained in the EBP delivery workforce. The 
results indicate that efforts to recruit bilingual, bicultural mental 
health providers may provide excellent returns on EBP-training 
investments in individuals who are best able to reach typically 
underserved populations.

Not surprisingly, making more claims per day (i.e., greater 
volume of therapist PEI claims) was associated with a decreased 
risk of discontinuing delivery; however, serving more unique 
clients per month was associated with an increased risk of 
discontinuation. These somewhat contrary findings may relate 
to therapist burnout. Indeed, past research has shown that a 
high caseload is associated with an increased burnout [e.g., Ref.  
(29, 45)]. An increased number of unique clients controlling for 
the number of units of service delivered daily may translate to 
increased requirements for documentation and outcome moni-
toring with each additional unique client served. By contrast, 
an overall higher volume of EBP delivery may facilitate greater 
mastery that contributes to a longer continued use by therapists.

Therapists who billed for more EBPs or at multiple agencies 
were at a lower risk of discontinuing delivery of any of the six 
EBPs. This finding is encouraging, as it suggests that even when 
workforce turnover occurs at the agency level, there may be 
recapture of EBP-training investments at the system level. Relative 
to therapists who made the most claims to TF-CBT, therapists 
who made the most claims to CPP, TP, MAP, or SS were all at 
a lower risk of discontinuing any EBP delivery. By contrast, 
therapists who primarily delivered CBITS exhibited a much 
higher risk (more than twice) than therapists who primarily 
delivered TF-CBT. The latter finding is unsurprising given the 
lower sustainment of CBITS relative to TF-CBT documented in 
our prior work (15).

With respect to client case-mix characteristics, therapists with 
a higher proportion of Hispanic clients were at a lower risk of 
discontinuing any EBP delivery when compared to therapists 
with a higher proportion of clients of other ethnicities. These 
findings suggest that when a given therapists’ caseload primarily 
resembles the most prevalent client profiles served in a given 
system (46) (i.e., younger, Hispanic/Latino children presenting 
with mood/anxiety disorders served in school settings), EBP 
delivery retention is more likely. Having older child clients on 
average was also associated with a higher risk for therapists to 
discontinue practice delivery. This may be explained by the fact 
that the coverage of the EBPs under study predominantly targets 
children rather than adolescents. We did not find an association 
between the risk of discontinuation and caseload representation 
of youth with admission diagnoses other than mood, anxiety, 
conduct, and trauma problems targeted by the six EBPs. However, 
the average representation of these problems was low on average 
in the sample.

With respect to organizational characteristics, the centraliza-
tion of the agency and the primary service setting type were 
associated with a risk of delivery discontinuation. First, therapists 
at agencies where services were primarily school-based had 
longer tenures of sustaining EBP delivery compared to therapists 
at office-based sites. This finding may suggest that therapists pri-
marily delivering care in settings with fewer access barriers may 
show more longevity in EBP implementation. Second, claiming at 
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a multisite agency was associated with a higher risk of discontinu-
ing EBP delivery than being at a single-site agency. Centralized, 
single-site agencies tend to also be smaller than multisite agencies. 
Previous findings from the same system context have suggested 
that larger agencies installed more systematic strategies at mul-
tiple levels (i.e., organization, therapist, client) to support initial 
EBP implementation (38). However, the current findings may 
indicate that the greater resources put in place by larger agencies 
may not ensure EBP sustainment at the therapist level. However, 
this is in contrast to research demonstrating turnover to be lower 
where employees are more embedded in their job and work in 
larger organizations (47).

Some limitations of the present study must be noted. The 
limited time frame of current data precluded analysis of sus-
tainment beyond 19 fiscal quarters; indeed, 35.5% of therapists 
continued to bill for one of the six EBPs within the final fiscal 
quarter of our analysis. However, survival analysis accounts 
for those therapists who are considered to be “censored” to 
produce a reliable model. In addition, these data do not shed 
light on whether therapists discontinued delivering PEI EBPs 
altogether or whether they might have initiated or continued 
to deliver PEI EBPs other than the six examined in this study. 
Relatedly, this study was only able to examine the sustainment 
of these six approved PEI practices, as they were the only ones 
initially selected by the LACDMH for implementation support 
(38). Furthermore, we were unable to track therapist migration 
to mental health agencies not billing to PEI; it is plausible that 
these therapists continued to deliver one of the six EBPs at 
another agency (e.g., a private practice, an agency outside of 
Los Angeles County) not represented in the LACDMH claims 
data. In addition, we were not able to control for other variables 
that have been associated with sustainment, such as community 
readiness, the extent to which program staff received support 
and assistance, and other contextual factors [e.g., Ref. (20, 48)]. 
While we are unable to track specific instances of “turnover” 
per se, our finding that therapists who provided services at more 
than one agency had better survival odds indicated that turno-
ver across agencies may not be inconsistent with therapist-level 
sustainment of EBP delivery in this context. A limitation inher-
ent to using administrative claims data is that we infer “delivery” 
when the data itself only truly indicate “billing.” Claims data also 

do not indicate whether a practice was delivered with fidelity. 
In addition, importantly, the claims data included in the cur-
rent study do not represent the entirety of a therapist’s practice, 
that is, these data only represent that therapist’s administrative 
claims for these six EBPs for children or transition-age youth. 
Therapists likely served other many other children through dif-
ferent funding sources and/or other EBPs covered under the PEI 
program, whereas some therapists may also have served clients 
of other age ranges.

Despite these limitations, this study has important implica-
tions for system-driven implementation efforts. This study 
illustrates the novel contribution of applying survival analysis 
methods to administrative claims data to examine returns on 
system-level investments in workforce training. The findings 
provide a benchmark for continued therapist EBP delivery within 
a system (vs. individual organizations). Furthermore, the find-
ings suggest potential mutable factors to target in sustainment 
interventions. For example, the findings highlight that strategic 
assignment of therapists to EBP training should be based on 
maximizing fit between the EBP and the therapist’s existing case 
mix. Likewise, the findings also underscore the importance of 
relevance-mapping approaches to the system- and agency-level 
selection of EBPs for adoption with the goal of long-term sustain-
ment (14).

aUThOr cOnTriBUTiOns

LB-F and AL contributed to the study design/framework, outlined 
the introduction, and drafted the discussion. CZ contributed to 
the study design, research methodology, performed the analyses, 
and drafted the introduction, methods, results, and discussion. 
NS contributed to the study aims and methods. DS, SR, and GA 
contributed to the research methodology and manuscript editing. 
DI-G and LB facilitated access to the data used in this study and 
contributed to the interpretation of findings. All authors have 
reviewed this manuscript.

FUnDing

This study was funded by a grant from the National Institute of 
Mental Health (R01MH100134).

reFerences

1. Garland AF, Bickman L, Chorpita BF. Change what? Identifying quality 
improvement targets by investigating usual mental health care. Adm Policy 
Ment Health Ment Health Serv Res (2010) 37(1–2):15–26. doi:10.1007/
s10488-010-0279-y 

2. Horwitz SM, Landsverk J. Methodological issues in child welfare and chil-
dren’s mental health implementation research. Adm Policy Ment Health Ment 
Health Serv Res (2011) 38(1):1–3. doi:10.1007/s10488-010-0316-x 

3. Beidas RS, Aarons G, Barg F, Evans A, Hadley T, Hoagwood K, et al. Policy to 
implementation: evidence-based practice in community mental health – study 
protocol. Implement Sci (2013) 8(1):38. doi:10.1186/1748-5908-8-38 

4. President’s New Freedom Commission on Mental Health. Achieving the 
Promise: Transforming Mental Health Care in America. Rockville, MD: 
President’s New Freedom Commission on Mental Health (2003).

5. Bruns EJ, Hoagwood KE, Hamilton JD. State implementation of evi-
dence-based practice for youths, part I: responses to the state of the evidence. 

J Am Acad Child Adolesc Psychiatry (2008) 47(4):369–73. doi:10.1097/
CHI.0b013e31816485f4 

6. Essock SM, Covell NH, Leckman-Westin E, Lieberman JA, Sederer LI, 
Kealey E, et  al. Identifying clinically questionable psychotropic prescribing 
practices for Medicaid recipients in New York State. Psychiatr Serv (2009) 
60(12):1595–602. doi:10.1176/ps.2009.60.12.1595 

7. Fixsen D, Blase K, Metz A, Van Dyke M. Statewide implementation 
of evidence-based programs. Except Child (2013) 79(2):213–30. 
doi:10.1177/001440291307900206 

8. Fixsen DL, Naoom S, Blase KA, Friedman R, Wallace F. Implementation 
Research: A Synthesis of the Literature. Tampa: University of South Florida, 
Louis de la Parte Florida Mental Health Institute, The National Implementation 
Research Network (2005). (Louis de la Parte Florida Mental Health Institute 
Publication #231).

9. Saldana L, Chamberlain P, Bradford WD, Campbell M, Landsverk J.  
The Cost of Implementing New Strategies (COINS): a method for mapping 
implementation resources using the stages of implementation completion. 

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
https://doi.org/10.1007/s10488-010-0279-y
https://doi.org/10.1007/s10488-010-0279-y
https://doi.org/10.1007/s10488-010-0316-x
https://doi.org/10.1186/1748-5908-8-38
https://doi.org/10.1097/CHI.0b013e31816485f4
https://doi.org/10.1097/CHI.0b013e31816485f4
https://doi.org/10.1176/ps.2009.60.12.1595
https://doi.org/10.1177/001440291307900206


11

Brookman-Frazee et al. Survival Analysis to Understand Sustainment

Frontiers in Public Health | www.frontiersin.org March 2018 | Volume 6 | Article 54

Child Youth Serv Rev (2014) 39:177–82. doi:10.1016/j.childyouth.2013. 
10.006 

10. Beidas RS, Marcus S, Wolk CB, Powell B, Aarons GA, Evans AC, et  al.  
A prospective examination of clinician and supervisor turnover within the 
context of implementation of evidence-based practices in a publicly-funded 
mental health system. Adm Policy Ment Health Ment Health Serv Res (2016) 
43(5):640–9. doi:10.1007/s10488-015-0673-6 

11. Lang JM, Connell CM. Measuring costs to community-based agencies for 
implementation of an evidence-based practice. J Behav Health Serv Res (2017) 
44(1):122–34. doi:10.1007/s11414-016-9541-8 

12. Cohen J, Mannarino AP. Disseminating and implementing Trauma-Focused 
CBT in community settings. Trauma Violence Abuse (2008) 9(4):214–26. 
doi:10.1177/1524838008324336 

13. Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A, 
et  al. Outcomes for implementation research: conceptual distinctions, 
measurement challenges, and research agenda. Adm Policy Ment Health 
Ment Health Serv Res (2011) 38(2):65–76. doi:10.1007/s10488-010- 
0319-7 

14. Chorpita BF, Bernstein A, Daleiden EL. Empirically guided coordination of 
multiple evidence-based treatments: an illustration of relevance mapping 
in children’s mental health services. J Consult Clin Psychol (2011) 79(4):470. 
doi:10.1037/a0023982 

15. Brookman-Frazee L, Stadnick N, Roesch S, Regan J, Barnett M, Innes-
Gomberg D, et  al. Measuring sustainment of multiple practices fiscally 
mandated in children’s mental health services. Adm Policy Ment Health Ment 
Health Serv Res (2016) 43:1009–22. doi:10.1007/s10488-016-0731-8 

16. Greenhalgh T, Robert G, Macfarlane F, Bate P, Kyriakidou O. Diffusion of  
innovations in service organizations: systematic review and recommen-
dations. Milbank Q (2004) 82(4):581–629. doi:10.1111/j.0887-378X.2004. 
00325.x 

17. Stirman SW, Kimberly J, Cook N, Calloway A, Castro F, Charns M. The 
sustainability of new programs and innovations: a review of the empirical 
literature and recommendations for future research. Implement Sci (2012) 
7(1):17. doi:10.1186/1748-5908-7-17 

18. Schell SF, Luke DA, Schooley MW, Elliott MB, Herbers SH, Mueller NB, 
et  al. Public health program capacity for sustainability: a new framework. 
Implement Sci (2013) 8(1):15. doi:10.1186/1748-5908-8-15 

19. Hoagwood KE, Olin SS, Horwitz S, McKay M, Cleek A, Gleacher A, et  al. 
Scaling up evidence-based practices for children and families in New York 
State: toward evidence-based policies on implementation for state mental 
health systems. J Clin Child Adolesc Psychol (2014) 43(2):145–57. doi:10.1080/ 
15374416.2013.869749 

20. Rhoades BL, Bumbarger BK, Moore JE. The role of a state-level prevention 
support system in promoting high-quality implementation and sustainability 
of evidence-based programs. Am J Community Psychol (2012) 50(3–4):386–
401. doi:10.1007/s10464-012-9502-1 

21. Willging CE, Green AE, Gunderson L, Chaffin M, Aarons GA. From a  
“perfect storm” to “smooth sailing” policymaker perspectives on implemen-
tation and sustainment of an evidence-based practice in two states. Child 
Maltreat (2015) 20(1):24–36. doi:10.1177/1077559514547384 

22. Chung GH, Choi JN, Du J. Tired of innovations? Learned helplessness and 
fatigue in the context of continuous streams of innovation implementation. 
J Organ Behav (2017) 38(7):1130–48. doi:10.1002/job.2191 

23. McIntosh K, Horner RH, Sugai G. Sustainability of systems-level evidence- 
based practices in schools: current knowledge and future directions. In: Sailor W, 
Dunlap G, Sugai G, Horner R, editors. Handbook of Positive Behavior Support. 
Boston, MA: Springer (2009). p. 327–52.

24. Beidas RS, Stewart RE, Adams DR, Fernandez T, Lustbader S, Powell BJ, et al. 
A multi-level examination of stakeholder perspectives of implementation 
of evidence-based practices in a large urban publicly-funded mental health 
system. Adm Policy Ment Health Ment Health Serv Res (2016) 43(6):893–908. 
doi:10.1007/s10488-015-0705-2 

25. Bond GR, Drake RE, McHugo GJ, Peterson AE, Jones AM, Williams J. Long-
term sustainability of evidence-based practices in community mental health 
agencies. Adm Policy Ment Health Ment Health Serv Res (2014) 41(2):228–36. 
doi:10.1007/s10488-012-0461-5 

26. Aarons GA, Hurlburt M, Horwitz SM. Advancing a conceptual model of 
evidence-based practice implementation in public service sectors. Adm 

Policy Ment Health Ment Health Serv Res (2011) 38(1):4–23. doi:10.1007/
s10488-010-0327-7 

27. Lau AS, Brookman-Frazee L. The 4KEEPS study: identifying predictors 
of sustainment of multiple practices fiscally mandated in children’s 
mental health services. Implement Sci (2016) 11(1):31. doi:10.1186/
s13012-016-0388-4 

28. Swain K, Whitley R, McHugo GJ, Drake RE. The sustainability of evi-
dence-based practices in routine mental health agencies. Community Ment 
Health J (2010) 46(2):119–29. doi:10.1007/s10597-009-9202-y 

29. Aarons GA, Sommerfeld DH, Hecht DB, Silovsky JF, Chaffin MJ. The impact 
of evidence-based practice implementation and fidelity monitoring on staff 
turnover: evidence for a protective effect. J Consult Clin Psychol (2009) 
77(2):270. doi:10.1037/a0013223 

30. Chambers DA, Rupp A. Sharing state mental health data for research: 
building toward ongoing learning in mental health care systems. Adm 
Policy Ment Health Ment Health Serv Res (2015) 42(5):586–7. doi:10.1007/
s10488-015-0624-2 

31. Hoagwood KE, Essock S, Morrissey J, Libby A, Donahue S, Druss B, et  al.  
Use of pooled state administrative data for mental health services research. 
Adm Policy Ment Health Ment Health Serv Res (2016) 43(1):67–78. doi:10.1007/
s10488-014-0620-y 

32. Bruns EJ, Kerns SE, Pullmann MD, Hensley SW, Lutterman T, Hoagwood KE. 
Research, data, and evidence-based treatment use in state behavioral health 
systems, 2001–2012. Psychiatr Serv (2015) 67(5):496–503. doi:10.1176/appi.
ps.201500014 

33. Woolderink M, Lynch F, Van Asselt A, Beecham J, Evers S, Paulus A, et al. 
Methodological considerations in service use assessment for children and 
youth with mental health conditions; issues for economic evaluation. Adm 
Policy Ment Health Ment Health Serv Res (2015) 42(3):296–308. doi:10.1007/
s10488-014-0570-4 

34. Allison PD. Survival Analysis Using SAS: A Practical Guide. Cary, NC: SAS 
Institute (2010).

35. Roseborough DJ, McLeod JT, Wright FI. Attrition in psychotherapy:  
a survival analysis. Res Soc Work Pract (2016) 26(7):803–15. doi:10.1177/ 
1049731515569073 

36. Glisson C, Landsverk J, Schoenwald S, Kelleher K, Hoagwood KE,  
Mayberg S, et  al. Assessing the organizational social context (OSC) of 
mental health ser vices: implications for research and practice. Adm Policy 
Ment Health Ment Health Serv Res (2008) 35(1–2):98. doi:10.1007/s10488- 
007-0148-5 

37. Aarons GA. Mental health provider attitudes toward adoption of evi-
dence-based practice: the Evidence-Based Practice Attitude Scale (EBPAS). 
Ment Health Serv Res (2004) 6(2):61–74. doi:10.1023/B:MHSR.0000024351. 
12294.65 

38. Regan J, Lau AS, Barnett M, Stadnick N, Hamilton A, Pesanti K, et al. Agency 
responses to a system-driven implementation of multiple evidence-based 
practices in children’s mental health. BMC Health Serv Res (2017) 17:671. 
doi:10.1186/s12913-017-2613-5 

39. Stadnick N, Lau A, Barnett M, Regan J, Aarons GA, Brookman-Frazee L. 
Comparing agency leader and therapist perspectives on evidence-based 
practices: associations with individual and organizational factors in a mental 
health system-driven implementation effort. Adm Policy Ment Health Ment 
Health Serv Res (2017):1–15. doi:10.1007/s10488-017-0835-9 

40. Cleves MA, Gould WW, Marchenko YV. Introduction to Survival Analysis 
Using Stata. College Station, TX: Stata Corporation (2016).

41. StataCorp L. Stata: Release 13-Statistical Software. College Station, TX: 
StataCorp LP (2013).

42. Zwiener I, Blettner M, Hommel G. Survival analysis: part 15 of a series on 
evaluation of scientific publications. Dtsch Ärztebl Int (2011) 108(10):163. 
doi:10.3238/arztebl.2010.0163 

43. Chorpita BF, Daleiden EL, Collins KS. Managing and Adapting Practice:  
a system for applying evidence in clinical care with youth and families. Clin  
Soc Work J (2014) 42(2):134–42. doi:10.1007/s10615-013-0460-3 

44. Barnett M, Brookman-Frazee L, Regan J, Saifan D, Stadnick N, Lau AS.  
How intervention and implementation characteristics relate to community 
therapists’ attitudes toward evidence-based practices: a mixed methods 
study. Adm Policy Ment Health Ment Health Serv Res (2017) 44(6):824–37. 
doi:10.1007/s10488-017-0795-0 

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
https://doi.org/10.1016/j.childyouth.2013.
10.006
https://doi.org/10.1016/j.childyouth.2013.
10.006
https://doi.org/10.1007/s10488-015-0673-6
https://doi.org/10.1007/s11414-016-9541-8
https://doi.org/10.1177/1524838008324336
https://doi.org/10.1007/s10488-010-0319-7
https://doi.org/10.1007/s10488-010-0319-7
https://doi.org/10.1037/a0023982
https://doi.org/10.1007/s10488-016-0731-8
https://doi.org/10.1111/j.0887-378X.2004.
00325.x
https://doi.org/10.1111/j.0887-378X.2004.
00325.x
https://doi.org/10.1186/1748-5908-7-17
https://doi.org/10.1186/1748-5908-8-15
https://doi.org/10.1080/15374416.2013.869749
https://doi.org/10.1080/15374416.2013.869749
https://doi.org/10.1007/s10464-012-9502-1
https://doi.org/10.1177/1077559514547384
https://doi.org/10.1002/job.2191
https://doi.org/10.1007/s10488-015-0705-2
https://doi.org/10.1007/s10488-012-0461-5
https://doi.org/10.1007/s10488-010-0327-7
https://doi.org/10.1007/s10488-010-0327-7
https://doi.org/10.1186/s13012-016-
0388-4
https://doi.org/10.1186/s13012-016-
0388-4
https://doi.org/10.1007/s10597-009-9202-y
https://doi.org/10.1037/a0013223
https://doi.org/10.1007/s10488-015-0624-2
https://doi.org/10.1007/s10488-015-0624-2
https://doi.org/10.1007/s10488-014-0620-y
https://doi.org/10.1007/s10488-014-0620-y
https://doi.org/10.1176/appi.ps.201500014
https://doi.org/10.1176/appi.ps.201500014
https://doi.org/10.1007/s10488-014-0570-4
https://doi.org/10.1007/s10488-014-0570-4
https://doi.org/10.1177/
1049731515569073
https://doi.org/10.1177/
1049731515569073
https://doi.org/10.1007/s10488-007-0148-5
https://doi.org/10.1007/s10488-007-0148-5
https://doi.org/10.1023/B:MHSR.0000024351.
12294.65
https://doi.org/10.1023/B:MHSR.0000024351.
12294.65
https://doi.org/10.1186/s12913-017-2613-5
https://doi.org/10.1007/s10488-017-0835-9
https://doi.org/10.3238/arztebl.2010.0163
https://doi.org/10.1007/s10615-013-0460-3
https://doi.org/10.1007/s10488-017-0795-0


12

Brookman-Frazee et al. Survival Analysis to Understand Sustainment

Frontiers in Public Health | www.frontiersin.org March 2018 | Volume 6 | Article 54

45. Edwards D, Burnard P, Coyle D, Fothergill A, Hannigan B. Stress and burnout 
in community mental health nursing: a review of the literature. J Psychiatr 
Ment Health Nurs (2000) 7(1):7–14. doi:10.1046/j.1365-2850.2000.00258.x 

46. Garland AF, Plemmons D, Koontz L. Research–practice partnership in mental 
health: lessons from participants. Adm Policy Ment Health Ment Health Serv 
Res (2006) 33(5):517–28. doi:10.1007/s10488-006-0062-2 

47. Coetzer A, Inma C, Poisat P. The job embeddedness-turnover relationship: 
effects of organisation size and work group cohesion. Pers Rev (2017) 
46(6):1070–88. doi:10.1108/PR-12-2015-0312 

48. Tibbits MK, Bumbarger BK, Kyler SJ, Perkins DF. Sustaining evidence-based 
interventions under real-world conditions: results from a large-scale diffusion 
project. Prev Sci (2010) 11(3):252–62. doi:10.1007/s11121-010-0170-9 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

The reviewer KH and handling Editor declared their shared affiliation.

Copyright © 2018 Brookman-Frazee, Zhan, Stadnick, Sommerfeld, Roesch, Aarons, 
Innes-Gomberg, Bando and Lau. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (CC BY). The use, distribution 
or reproduction in other forums is permitted, provided the original author(s) and the 
copyright owner are credited and that the original publication in this journal is cited, 
in accordance with accepted academic practice. No use, distribution or reproduction 
is permitted which does not comply with these terms.

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
https://doi.org/10.1046/j.1365-2850.2000.00258.x
https://doi.org/10.1007/s10488-006-0062-2
https://doi.org/10.1108/PR-12-2015-0312
https://doi.org/10.1007/s11121-010-0170-9
http://creativecommons.org/licenses/by/4.0/

	Using Survival Analysis to Understand Patterns of 
Sustainment within a System-Driven Implementation of Multiple Evidence-Based Practices for Children’s Mental Health Services
	Introduction
	Materials and Methods
	Context
	Procedures
	Participants
	Measures
	Analysis Plan
	Characterizing Duration of Therapists’ 
Continued EBP Delivery
	Factors Associated with Risk of Discontinuation 
of Any EBP


	Results
	Characterizing Continued EBP Delivery
	Factors Associated with Risk of Discontinuation of Any EBP
	Therapist Demographic Characteristics
	Therapist Service Characteristics
	Case-Mix Characteristics
	Agency Characteristic

	Discussion
	Author Contributions
	Funding
	References




