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Abstract 

Background  This Sequential Multiple Assignment Randomized Trial (SMART) was conducted to determine minimum 
implementation support needed for agencies serving pregnant people on public assistance to adopt and sustain 
the ROSE (Reach Out, Stay Strong, Essentials for mothers of newborns) postpartum depression (PPD) prevention 
program.

Methods  Enrolled prenatal agencies (N=98) received thorough initial implementation support (initial training + 
written sustainment planning). Agencies were identified as at risk for non-sustainment within the first 15 months 
(N=56) were randomized to: (1) no additional implementation support (N=12), or (2) quarterly implementation 
support (coaching and feedback; N=44). If agencies receiving quarterly implementation supports were still at risk 
and within the first 15 months (N=29), they were randomized to: (1) continued quarterly support (N=14), or (2) 
monthly implementation support (N=15). No implementation support occurred after 18 months. Follow-ups occurred 
quarterly and then at 18, 24, and 30 months. Outcomes included sustainment of core program elements, agency PPD 
rates, reach, and costs/cost-effectiveness of each sustainment step.

Results  Twice as many agencies as expected (41 of 98; 42%) delivered ROSE with fidelity for 15+ months after receiv-
ing thorough initial implementation support only. For agencies at risk for non-sustainment, no effects of adding 
quarterly implementation supports were observed. However, adding monthly supports (versus quarterly) for agencies 
still at risk resulted in higher monthly percent of core ROSE elements sustained and more months ROSE was sustained 
with fidelity with large (Cohen’s d = 0.73 and 0.80) effect sizes, and improved reach over 30 months. Many agencies 
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did not consistently collect PPD rates, making results difficult to interpret. Mean implementation costs (including 
implementation support and agency staff time) per agency were $1,849 (SD $1,429) for agencies receiving initial 
implementation support only, $2,699 (SD $1,837) for those receiving initial and quarterly implementation support, 
and $4,059 (SD $1,763) for those receiving initial, quarterly, and ultimately monthly implementation support.

Conclusions  The cost of agency-wide ROSE implementation is far less than the cost of a single untreated case of PPD 
($33,484). We suggest implementing ROSE through thorough training and written sustainment planning. For agen-
cies not sustaining, adding monthly support can promote sustainment and improve reach.

Trial registration  Registered June 14, 2018 at clinicaltrials.gov, NCT03267563 (https://​clini​caltr​ials.​gov/​study/​NCT03​
267563).

Keywords  Implementation, Sustainment, Cost-effectiveness, Postpartum depression, Prevention, Public assistance, 
Prenatal care

Contributions to the literature

•	More prenatal agencies serving low-income pregnant 
people than expected (42% vs. 20%) were able to imple-
ment and sustain a 5-session evidence-based postpar-
tum depression prevention program (ROSE) with just 
initial logistical problem-solving, training, and written 
sustainment planning.

•	Monthly (but not quarterly) subsequent implementa-
tion support improved sustainment and reach for agen-
cies at risk for non-sustainment.

•	Agency-wide ROSE implementation cost a fraction 
($1,859-$4,059, depending on level of support) of the 
cost of a single untreated case of postpartum depres-
sion ($33,484).

•	Results help build an evidence base for choosing imple-
mentation intervention intensity to achieve sustain-
ment while optimizing resource use.

Background
A program is sustained where its core elements con-
tinue at sufficient fidelity, intended health benefits con-
tinue, and capacity for continuation of core elements is 
maintained [1–3]. Despite more than a decade of calls 
for more research on sustainment, an expert consensus 
report concluded, “Little is known about how well or 
under what conditions health innovations are sustained 
and their gains maintained once they are put into prac-
tice” [4]. The report prioritized conducting return on 
investment studies to quantify gains when effective pro-
grams are sustained, and cost-benefit trade-offs for effort 
required to sustain [4]. Limited information on methods 
and benefits of sustainment can result in: (1) discontinu-
ation despite significant investment in initial implemen-
tation or (2) policymakers’ uncertainty about the value 
of devoting resources to implementation and scale-up 
[4]. The ROSE (Reach Out, Stay Strong, Essentials for 
mothers of newborns) Sustainment (ROSES) Study [5] 
was designed to determine the minimum necessary 

implementation support needed for agencies serving 
pregnant people on public assistance to adopt and sus-
tain a postpartum depression (PPD) prevention program.

Clinical context
PPD is common and can have lasting consequences, 
especially among low-income pregnant people and their 
infants [6–13]. Timely and effective intervention dur-
ing pregnancy can prevent PPD (rather than treat it after 
birth) [14, 15]. However, professional societies and car-
egivers have primarily focused on identifying and treat-
ing perinatal depression after its onset, [16, 17] rather 
than preventing it.

ROSE is an evidence-based program, recommended by 
the U. S. Preventive Services Task Force, [18] that pre-
vents half of PPD cases among low-income and racially/
ethnically diverse people [19–23]. ROSE is education 
(rather than treatment), minimizing stigma and improv-
ing reach. ROSE teaches interpersonal psychotherapy-
based skills for improving communication and social 
support, identified protective factors for PPD [24–26] 
ROSE often consists of 4 group sessions during preg-
nancy and a post-delivery individual booster session. 
However, ROSE can be offered individually; sessions can 
be grouped together or split into shorter sessions and 
offered in a different order. Paraprofessionals and non-
mental health professionals (e.g. nurses, health educa-
tors) can deliver ROSE with fidelity, increasing flexibility 
of ROSE delivery [21].

Study rationale and aims
When an implementation intervention does not pro-
duce a desired outcome, it can be given more time or 
intensified. The ROSES Study used a sequential multiple 
assignment randomized trial (SMART) design in which 
all agencies received thorough initial implementation 
support and then were randomized to receive additional 
implementation supports (or not) if they were found at 
risk for non-sustainment. The goal was to determine 
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the minimum support needed to implement and sustain 
ROSE in agencies providing prenatal services to pregnant 
people on public assistance, and to determine the costs 
and benefits of this implementation support. Implemen-
tation support was offered using a stepwise approach 
(i.e., thorough initial implementation support, then quar-
terly implementation supports if at risk, then monthly 
implementation support if still at risk) to determine the 
minimum dose necessary for sustainment. Specific aims 
were to:

1.	 Compare effectiveness of each sustainment step (ini-
tial, quarterly, and monthly implementation support) 
for the following outcomes:

a	 Percent sustainment of core program elements 
at each time point (primary), and total length of 
time that any ROSE services: (i) were provided, 
and (ii) were provided with adequate fidelity to 
core elements.

b	 Health impact (agency-level PPD rates over time) 
and reach (percent of patients beginning and per-
cent completing ROSE).

c	 Return on investment (costs and cost-effective-
ness of each sustainment step).

d	 Hypothesized mechanisms including sustain-
ment of: (i) clinical and organizational capacity to 
deliver core elements, and (ii) engagement/own-
ership by agency staff.

2.	 Explore which agencies need which level of support:

a	 Explore agency characteristics associated with 
response to initial and quarterly implementa-
tion supports to inform future intervention 
intensity tailoring.

Innovation
Few randomized implementation studies have identified 
sustainment as their primary outcome. Identifying the 
“minimum necessary to sustain” is a novel study meth-
odology [27]. Agency and contextual factors lead to het-
erogeneity in response to implementation interventions. 
In this SMART, we addressed heterogeneity by adjusting 
intervention intensity based on risk of non-sustainment. 
Results build a needed evidence base for choosing imple-
mentation intervention intensity to achieve sustainment 
while optimizing resource utilization.

This is also the first implementation study of PPD 
prevention in outpatient prenatal care agencies. Few 
outpatient preventive mental health interventions not 
requiring mental health clinicians have been the subject 
of implementation research [28].

Methods
Participating agencies and agency staff
We enrolled 98 outpatient agencies providing prena-
tal care or services (such as education, nutrition, sup-
port, etc.) in the United States or Puerto Rico between 
10/5/2018 and 2/25/2021. The last agency follow-up 
assessment occurred on 8/20/2023. We chose to include 
a range of agencies for which ROSE would be appropri-
ate to inform scale-up. Agencies were required to be: (1) 
outpatient, (2) provide prenatal services, (3) estimate at 
least 30% of their pregnant patients receive some kind of 
public assistance (such as cash assistance, food stamps, 
subsidized housing, and/or Medicaid), (4) average at least 
3 new pregnant people per month (i.e., enough patient 
flow to run ROSE), and (5) agree to study procedures. To 
support recruitment, initial agency inclusion criteria [5] 
were expanded early in the trial from 6 states to national, 
from 50% on public assistance to 30%, from 10+ new 
people per month to 3+, and from medical clinics exclu-
sively to any agency providing health-related services to 
pregnant people (e.g., prenatal education, doula organi-
zations, nurse home visiting programs, nutrition pro-
grams). Inclusion criteria were for the agency itself; once 
the agency was included, agencies chose who received 
ROSE. Most agencies (~70%) provided or offered ROSE 
to everyone [29].

Study participants included three groups of agency 
staff: (1) someone chosen by the agency to respond to 
quarterly survey questions about clinical delivery of 
ROSE (the “clinical respondent”); (2) someone chosen by 
the agency to respond to quarterly surveys about opera-
tional (billing, scheduling) aspects of ROSE delivery (the 
“operational respondent,” which could be the same or a 
different person than the “clinical respondent”); and (3) 
all ROSE facilitators for the agency (who completed self-
rated ROSE adherence forms). Agencies often chose indi-
viduals leading or closely involved with implementation 
to fill clinical and operational respondent roles.

Implementation interventions
Study investigators led three additive implementation 
interventions that were similar in approach but differed 
in dose (see Table  1) [2]. Meetings and trainings in all 
conditions took place by videoconference or telephone. 
Study investigators were also available to answer ques-
tions by email.

Thorough initial implementation support
Consisted of 3 virtual meetings taking place before 
implementation began and covering logistics, clinical 
training, problem-solving, written sustainment plan-
ning, and reimbursement (see protocol paper [5] and 
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implementation manuals [30]). Study investigators first 
met with the agency leadership team and those likely to 
oversee ROSE at the agency. This approximately 90-min-
ute overview meeting included: (1) a brief clinical and 
operational overview of ROSE; (2) an explanation of 
ROSE core and adaptable elements (Table  2), and (3) 
logistics planning and an agency-specific customized, 
written plan. This collaborative process included discus-
sion of how best to fit ROSE core and adaptable elements 
(e.g., group vs. individual, office vs. home vs. virtual visit, 
timing of sessions) within agency context, needs, and 
resources. This process resulted in a written, tailored 

implementation and sustainment plan that identified 
who within the agency was responsible for what aspects 
of sustainment. The second meeting included a 4-hour 
training on how to conduct ROSE for all agency ROSE 
facilitators. Facilitators were given the ROSE Program 
manual, a ROSE participant workbook that included ses-
sion handouts, a summary of key components, scripts 
for presenting ROSE to participants, and a customized 
description of the agency’s logistics for ROSE (the agen-
cy’s sustainment plan). The final meeting (30–60 min-
utes) included operational staff to discuss issues such 
as reimbursement, scheduling, and identification and 

Table 1  Primary implementation strategies in each implementation condition

The developer of ROSE (CZ) led clinical trainings and clinically focused implementation meetings. The lead implementation scientist (JJ) led operationally focused 
implementation meetings. They were joined by SWS, EP, TMS, and LC (implementation scientists and/or maternal health clinicians with decades of experience) for 
Collaborative Board meetings

Implementation strategy Initial implementation 
support

Quarterly Implementation 
Support

Monthly 
Implementation 
Support

Obtain formal commitments One time

Distribute educational materials (written materials, videos 
of each agency’s 3 training meetings)

One time

Conduct educational meetings One time

Promote adaptability One time Quarterly Monthly

Assess readiness, barriers/facilitators One time Quarterly Monthly

Develop/update formal implementation blueprint One time As needed As needed

Identifying, preparing, and supporting champions One time Quarterly Monthly

Facilitation One time Quarterly Monthly

Capturing and sharing local knowledge One time Quarterly Monthly

Provide technical assistance One time Quarterly Monthly

Make billing easier (e.g., advice/help) One time Quarterly Monthly

Audit and feedback Quarterly Monthly

Learning collaboratives Quarterly Monthly

Provide clinical supervision Quarterly Monthly

Provide ongoing consultation Quarterly Monthly

Reexamine the implementation Quarterly Monthly

Table 2  ROSE core and adaptable elements (adapted from Johnson et al., [5])

a ROSE facilitator and participant materials were provided to agencies in English and Spanish (see https://​www.​women​andin​fants.​org/​rose-​progr​am-​postp​artum-​
depre​ssion). Some agencies also used the English facilitator materials to guide them in offering ROSE in other languages (e.g., Haitian Creole, Vietnamese)

ROSE core elements ROSE adaptable elements

Psychoeducation on:
• PPD
• Managing stress in transition to motherhood
• Social support as a buffer against PPD
• Relevant postpartum resources
Teaching:
• Communication skills via role plays
• Stress management skills
• Building and enhancing social skills
Review/reinforcement of skills and resources at postpartum session

Group vs. individual
Office vs. home visit
In person vs. video vs. telephone
Time during pregnancy
Order of sessions
Open enrollment of group
Missed sessions can be made up
Sessions can be split into shorter pieces or lumped together
Facilitator position and education
Languagea

Describing ROSE to pregnant people as “postpartum depression prevention,” “skills 
training,” “stress management and support,” or “part of our agency program”

https://www.womenandinfants.org/rose-program-postpartum-depression
https://www.womenandinfants.org/rose-program-postpartum-depression
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referral procedures. The median time between the first 
and last training meetings was 21 days (range 2 – 110, 
with an outlier at 211 days). We provided agencies with 
recordings of their trainings and their written, agency-
specific sustainment plan to replenish staff turnover.

Quarterly implementation support
Added low-intensity coaching and feedback [5] via one 
clinical and one operational telephone “booster” meet-
ing with the agency and one virtual Collaborative Board 
meeting with other agencies and study investigators 
each quarter. Clinical and operational support meetings 
identified challenges to conducting ROSE with fidelity, 
collaboratively solved recruitment and attendance prob-
lems, discussed re-customization of delivery if needed, 
and developed an action plan to address barriers. Subse-
quent meetings reviewed implementation progress and 
updated the action plan based on new data, experiences, 
and discussion. During meetings, study staff also pro-
vided information about agency fidelity to core ROSE ele-
ments based on the ROSE Session-by-Session Adherence 
Scale (see primary outcome section) and any changes in 
the agency’s rates of PPD for the previous quarter. In the 
quarterly Collaborative Board virtual meetings, agen-
cies described their successes and challenges sustaining 
ROSE, asked questions of each other, encouraged each 
other, and shared information.

Monthly implementation support
Agencies in this condition received the same supports 
as the quarterly implementation support condition (i.e., 
clinical support meetings, operational support meetings, 
and Collaborative Board meetings) on a monthly, rather 
that quarterly, basis [5].

Characterizing implementation interventions
Every training and implementation meeting was docu-
mented in an electronic implementation case note and 
audio or video recorded. The note included encounter 
length, a checklist of implementation strategies used, [31] 
a checklist of discussion topics (e.g., billing options), and 
free response sections to describe agency responses [5].

Research design
Randomization (see Fig. 1)
After the baseline assessment, all agencies received thor-
ough initial implementation support. At the first time1 

agencies were at risk for operational (defined as no ROSE 
sessions in 3 months and none scheduled) and/or clinical 
(defined as less than 75% fidelity to ROSE core elements; 
see Assessments) non-sustainment (i.e., at 3, 6, 9, 12, 15 
months, N=56), they were randomized to receive either 
no additional (N=12) or quarterly (N=44) implementa-
tion support. If agencies receiving quarterly implementa-
tion support were still at risk at subsequent assessments 
up to 15 months (N=29), they were randomized to either 
continue with quarterly (N=14) or receive monthly 
(N=15) implementation support. Ratios of 3.7:1 and 1:1 
for the first and second randomizations were pre-speci-
fied, with more agencies allocated to add quarterly sup-
port than to receive no additional support in the first 
randomization to power the second randomization. 
The study statistician generated the random allocation 
sequence. Study research assistants and project coordina-
tor enrolled participants. The study project coordinator 
emailed the study statistician when an agency needed to 
be randomized. Randomization used via computerized 
minimization that assured allocation concealment and 
balanced trial arms by time of entry into randomization 
(3, 6, 9, 12, or 15 months) and whether the agency was 
a Federally Qualified Health Center (FQHC). Additional 
study follow-ups occurred at 18, 24, and 30 months, but 
the study team did not provide implementation support 
after 18 months. The study did not use masking to condi-
tion assignment.

Randomization was paused (i.e., all agencies stayed in 
their assigned conditions, but the assessment timeclock 
continued) from 3/15/2020 until 7/31/2020 because 
many agencies closed or limited services when the 
COVID-19 pandemic started. Because the pause affected 
all study conditions equally, it did not affect effectiveness 
conclusions.

Statistical power
Statistical power was based on the primary outcome: 
monthly average percent sustainment of core ROSE ele-
ments. We started with powering the comparison cre-
ated by the second randomization (monthly vs. quarterly 
implementation support) using the effect size of Cohen’s 
d=0.48 based on the literature [32–34]. We adjusted for 
repeated measures to arrive at the required N=19 per 
group for power of 0.80 at α=0.05 in two-tailed tests. 
Assuming 2/3 of agencies would still be at risk after 
receiving quarterly support, the remaining 1/3 or N=9 
agencies would be deemed low risk and continue quar-
terly support. At the first randomization, the quarterly 
support group would then have size N=57. The size of the 
initial support only in the first randomization of N=15 
would allow us to detect the target effect size with power 
of 0.89. Assuming 80% of agencies would be at risk after 

1  The assessment and randomization time clock (i.e., for counting 3, 6, 9 
months) began when the baseline assessment was completed. Some early 
agencies completed training before completing the baseline assessment 
(including the agencies with >90 day training periods). However, early in 
the trial, we switched to requiring the baseline assessment to be completed 
before trainings occurred. Therefore, trainings for most agencies occurred 
during the first assessment quarter.
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the thorough initial implementation support only, [34, 
35] we planned to enroll n=90 [5]. Because recruitment 
of agencies often took 4–6 months from first conversa-
tion to training, we recruited until we were certain we 
would train at least 90 agencies, resulting in a sample size 
of 98 agencies. Johnson et  al. [5] contains a diagram of 
estimated risk and randomization.

Assessments
Assessments were conducted at 0, 3, 6, 9, 12, 15, 18, 24, 
and 30 months via electronic survey; electronic submis-
sion of adherence forms was continuous. We defined 

operational non-sustainment as no ROSE sessions in 3 
months and none scheduled. We defined clinical non-
sustainment as less than adequate fidelity to ROSE core 
elements (i.e., an average of < 75% of core elements 
for each session delivered, as measured by the ROSE 
Session-by-Session Adherence Scale). Used in previ-
ous ROSE trials, [20–23] this set of session-specific 
checklists lists 4–7 items per session (rating of present/
absent) assessing whether key tasks (e.g., did the ROSE 
facilitator explain PPD? Did the facilitator have group 
members practice communication skills through role 
plays?) were completed [5]. Self-reported checklists of 

Fig. 1  Agency-level CONSORT Diagram
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mental health intervention fidelity have shown excel-
lent validity when compared to observer-rated scales 
[36–38].

Aim 1a: Sustainment (primary)
We examined: (a) percent sustainment of core program 
elements at each time point (primary), and (b) total num-
ber of months any ROSE services (i) were provided, and 
(ii) were provided with adequate fidelity to core elements. 
Monthly percent sustainment of ROSE’s core program 
elements, [5] assessed using the ROSE Session-by-Session 
Adherence Scale, [21] was defined as the mean percent of 
core elements delivered that should have been delivered 
at each ROSE session each month (zero if no sessions 
were completed). We also used Adherence Scale forms 
to determine number of months agencies were offering 
ROSE and offering it with adequate fidelity (defined as 
75%+ core elements present, averaged across all ROSE 
sessions and facilitators). Time periods were defined 
using agency enrollment and ROSE session dates. If no 
forms were returned within 30 days of the sixth reminder, 
we assumed (and often verified) no ROSE sessions 
occurred during the time period.

Aim 1b: Health impact and reach
Health impact was defined as PPD rates over time at each 
agency. Quarterly surveys asked each agency to report 
the following agency-wide numbers (for all patients, not 
just those referred to ROSE): (1) number of people who 
should have come for their 6-week postpartum appoint-
ment; (2) number who came; (3) number screened for 
PPD as part of routine clinical care; and (4) number 
screened positive for PPD. We also (retrospectively) col-
lected this information for 12 months prior to baseline. 
We used these numbers to calculate agency-level PPD 
rates for each period [5]. We also computed PPD rate 
where its estimate was reliable (10+ people screened per 
time period), leaving other values missing (where <10 
people were screened). If there was no screening in a 
study period, PPD rate was treated as missing. Number 
of people enrolled in and completing ROSE (i.e., reach) [4]. 
Electronic surveys assessed the number of: (1) patients 
attending at least 1 session, and (2) patients attending at 
least 3 of the 5 sessions (“completing” ROSE), each quar-
ter. Total numbers attending ROSE over 30 months were 
annualized (divided by 2.5), then divided by number of 
pregnant people served in the 12 months prior to base-
line and multiplied by 100% to estimate percent of preg-
nant patients at each agency who received ROSE over 30 
months.

Aim 1c: Return on investment
We analyzed 4 measures of the cost-effectiveness of 
implementation support: (1) a primary clinical outcome, 
number of PPD cases averted, estimated as the change 
in PPD rate at the agency (post-pre)*(agency’s caseload), 
(2) another clinical outcome, number of quality-adjusted 
life years (QALYs) saved per PPD case averted, com-
puted from the previous outcome using Luca’s $33,484 
medical and productivity costs per PPD case [39] and 
Hewitt’s average of 0.26 QALYs lost [40] per PPD case, 
(3) an implementation process outcome, cost per person 
served, and (4) a sustainment outcome, cost per month 
of additional service delivery with fidelity. Our project 
accounting captured our costs to provide initial, quar-
terly, and monthly implementation support. As detailed 
in Supplementary Material 1, we assessed agency costs 
to receive initial, quarterly, and monthly implementation 
support using hours that agency staff spent in support 
meetings, associated direct costs (e.g., printing), and staff 
salaries, fringes, and overheads. We also assessed the 
direct service delivery cost of ROSE itself. At each agency 
delivering ROSE in Months 10–12 after initial training, 
we had agency staff record their ROSE-related hours for 
two weeks using a time sheet.

Aim 1d: Mechanisms
Potential mechanisms were assessed at each time point 
using surveys completed by agencies’ clinical and organi-
zational respondents [5]. Proposed mechanism 1: Clinical 
and organizational capacity to deliver ROSE. The pri-
mary measure was the Organizational Capacity subscale 
of the Program Sustainability Assessment Tool (PSAT) 
[41]. Secondary measures included number of people 
trained who have time to deliver ROSE and respondents’ 
perceptions that they were able to manage space/sched-
uling and to bill/get reimbursed for ROSE.

Proposed mechanism 2: Ownership and engagement by 
agency staff was assessed using the sum of other relevant 
subscales of the PSAT (primary): Communications, Part-
nerships, Political Support, and Strategic Planning [41]. 
The Staff section of the National Health Service’s Sus-
tainability Model and Guide (4 questions reflecting staff 
involvement, staff attitudes, senior leadership engage-
ment, and clinical leadership engagement in sustaining 
the change) [42, 43] and investment in addressing PPD 
were secondary measures.

Aim 2a: Predictors
Organizational context was assessed using Aarons’ 
Implementation Climate Assessment [44]. State pol-
icy context was assessed through two measures: (1) 
Enacted state legislation about PPD (0 = no enacted 
state legislation related to PPD, 1 = awareness-related 
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PPD legislation, 2 = legislation mandating PPD educa-
tion and services, 3 = legislation with money attached 
for PPD education/services); and (2) 2018–2021 state-
level maternal mortality rate [42].

Analyses
Randomization and analysis took place at the agency 
level. Primary analyses were intent-to-treat. Statistical 
tests were two-sided with α = 0.05 for sustainment of 
core program elements (primary) and health impact 
(secondary) outcomes, specified a priori [5].

Aim 1a: Sustainment
Repeated measures of the monthly percent sustain-
ment of core elements were analyzed via a linear 
mixed effects (LME) model, with study group from 
the first randomization treated as time-varying: miss-
ing (not assigned) prior to entry into the first rand-
omization, and quarterly or initial support afterwards 
to month 30, averaging out over the second rand-
omization. A separate LME model was used to ana-
lyze agencies entered into the second randomization. 
Comparison of groups created by the first randomiza-
tion was designed to answer the question about best 
first intervention for agencies found to be at risk after 
initial implementation support only (averaging over 
the second randomization). Comparison of groups 
created by the second randomization was designed to 
answer the question about best second intervention 
option (quarterly or monthly implementation sup-
port) for agencies found to be at risk after receiving 
quarterly support. The coefficients for the study group 
variable and 95% confidence intervals (CIs) reflected 
average differences between randomized trial arms 
over time after randomization. Effect sizes (Cohen’s d) 
were estimated as differences between adjusted means 
of trial arms divided by the square root of residual 
variance. Outcomes that reflected numbers of months 
(of 30) rather than repeated measures (i.e., total num-
ber of months of ROSE delivery and delivery with ade-
quate fidelity) were compared between groups created 
by the first randomization and separately second ran-
domization using general linear models with covari-
ance adjustment for time of entry into the respective 
randomization.

Aim 1b: Health impact and reach
Analysis followed an approach similar to Aim 1a, with 
LMEs for repeated measures of the PPD rate for each 
time period (3, 6, 9, 12, 15, 18, 24, and 30 months) 
adjusting for baseline PPD rate. Reach outcomes (per-
cent of pregnant people receiving ROSE at each agency 

over 30 months) were compared between randomized 
groups using the non-parametric Wilcoxon rank sum 
test because highly skewed distributions and smaller 
sample sizes in the 2nd randomization made other 
methods (e.g., longitudinal analysis, normal approxima-
tion, Poisson) unreliable.

Aim 1c: Return on investment
We used an incremental cost-effectiveness analysis, 
showing cost-effectiveness ratios for initial implementa-
tion support, for adding quarterly implementation sup-
port, and for adding monthly implementation support. 
The cost-effectiveness ratio equals ΔC/ΔE, where ΔC 
is the difference in costs as quarterly and monthly sup-
port are added, and ΔE is the difference in the outcome 
measure. We computed cost per QALY saved as (ΔC – 
medical cost saved per PPD prevented)/(difference in 
PPD rate). If the cost savings exceed the cost, the added 
implementation effort offers a net cost saving.

Aim 1d: Mechanisms of effects of increasing implementation 
supports
(i.e., quarterly vs. initial only, and monthly vs. quar-
terly). We used mixed models to explore effects of the 
randomized condition on repeated measures of poten-
tial mediators (measures of capacity and engagement/
ownership), adjusting for baseline value of each poten-
tial mediator at its first assessment.

Aim 2a: Predictors
Characteristics of agencies (size, percent on pub-
lic assistance, yes/no FQHC), organizational context 
(Implementation Climate Assessment score), state pol-
icy context (rating of state PPD legislation, state-level 
maternal mortality rate), and hypothesized mecha-
nisms (capacity and engagement/ ownership assessed 
using PSAT subscale scores) responding (vs. non-
responding) to initial and to quarterly supports were 
compared using Fisher’s exact, t- or Wilcoxon rank sum 
tests as appropriate based on distributions.

Results
We enrolled 98 agencies from 32 U.S. States. Agency 
settings ranged from urban to frontier. Table 3 shows 
agency characteristics. Table 4 shows participant (i.e., 
agency respondent and ROSE facilitator) characteris-
tics. Figure 1 shows agency flow through the study.

Characterizing implementation interventions
Implementation support (481 meetings total) included 
295 meetings with 98 agencies for initial implemen-
tation support, an additional 116 meetings providing 
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Table 3  Agencya characteristics at baseline

Characteristic (with N of responses if different from N=98 agencies) N (%) or Mean (SD)

Agency FQHC status

  Yes 9 (9%)

  No 89 (91%)

Number of clinical staff (range 0–5,835)

  <5 19 (19%)

  5–14 34 (35%)

  15–29 16 (16%)

  30–64 19 (19%)

  >64 8 (8%)

  Missing 2 (2%)

Number of years agency has existed

  <5 17 (17%)

  5–10 9 (9%)

  11–20 19 (19%)

  >20 48 (47%)

  Missing 5 (5%)

Number of pregnant people seen per year (range 0–25,880)

  <=100 30 (31%)

  101–500 32 (33%)

  501-1,000 9 (9%)

  >1,000 18 (18%)

  Missing 9 (9%)

  % of pregnant people seen at agency on public assistance (N=88) 76.1 (24.0)

Percent race of people served at the agency (N=84)

  White 40.3 (30.9)

  Other races 57.5 (32.2)

Percent ethnicity of people served at the agency (N=83)

  Hispanic 28.2 (26.9)

  Not Hispanic 66.7 (31.0)

Percent revenues from:

  Federal or other grant money for care of indigent patients (N=75) 27.8 (40.7)

  Commercial insurance (N=80) 9.7 (16.8)

  Medicare or Medicaid (N=83) 35.7 (38.4)

  No insurance (N=78) 8.2 (22.0)

  Other (N=72) 21.3 (37.4)

PPD rate (N=63) 0.18 (0.15)

Hypothesized mechanism 1: Clinical and organizational capacity to deliver ROSE

  PSAT Organizational Capacity subscale (N=90, possible range 1–7) 4.81 (1.30)

  # of people trained who have time to deliver ROSE at month 3 (N=78) 3.66 (4.43)

  Perception of agency as able to manage space/scheduling for ROSE at month 3 (N=86, possible range 1–7) 5.68 (1.22)

  Perception of agency as able to bill/get reimbursed for ROSE at month 3 (N=86, possible range 1–7) 3.43 (1.61)

Hypothesized mechanism 2: Ownership and engagement by agency staff

  PSAT other 4 relevant subscales: Communications (d), Partnerships (c), Political Support (b), and Strategic Planning (e) (N=95, 
possible range 1–7)

4.70 (1.52)

Baseline staff section score of the NHS Sustainability Model and Guide

  Staff involvement and training to sustain (N=97, possible range 1–4) 3.29 (0.91)

  Staff attitudes toward sustaining change (N=97, possible range 1–4) 3.57 (0.72)

  Senior leadership engagement (N=97, possible range 1–4) 3.62 (0.78)

  Clinical leadership engagement (N=96, possible range 1–4) 3.77 (0.51)

  Attitudes toward PPD – awareness (possible range 1–4) 3.04 (0.57)
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quarterly support to 43 agencies, and 70 meetings pro-
viding monthly support to 15 agencies. Some quarterly 
and monthly implementation support meetings included 
multiple agencies by design. Most used implementation 
strategies as catalogued using checkboxes in implementa-
tion case notes are shown in Table 5. Common discussion 

topics included recruiting and retaining people in ROSE, 
including alternate methods of explaining ROSE, and 
how best to integrate ROSE into current services.

a Agencies included obstetrics and gynecology offices, attending and resident practices, health systems, nurse home visiting programs, Healthy Start agencies, FQHCs, 
Women Infants and Children offices, health or childbirth education programs, and doula organizations

Table 3  (continued)

Characteristic (with N of responses if different from N=98 agencies) N (%) or Mean (SD)

  Attitudes toward PPD – concern - (possible range 1–4) 3.86 (0.18)

Implementation climate (possible range 0–4) 2.48 (0.55)

State policy context (N=98) 1.63 (1.24)

No laws mentioning postpartum depression or perinatal mental health 25 (25%)

Awareness-related laws only 22 (22%)

1+ law mandating screening or services 13 (13%)

1+ law mandating screening or services with $ attached 38 (39%)

State maternal mortality rate # of deaths per 100,000 in 2018–2021 (N=98) 23.22 (6.95)

Table 4  Participanta characteristics

a Clinical and operational respondents included agency executive and program directors, patient educators, nurses and nurse managers, office managers, care 
managers, patient navigators, midwives, doulas, and mental health professionals, among others. ROSE facilitators included community health workers, nutrition 
educators, nurses, doulas, social workers, and trainees, among others
b Numbers may not add up due to missing data

Agency survey respondents
(N= 157b)

ROSE facilitators 
completing fidelity forms 
(N= 634b)

Sex (N, %)
  Male 1 (0.7) 17 (2.9)

  Female 146 (99.3) 566 (96.9)

Race (N, %)
  American Indian or Alaskan Native 0 (0) 5 (0.9)

  Asian 4 (3.3) 16 (2.8)

  Black or African American 24 (19.8) 144 (25.4)

  Native Hawaiian/Pacific Islander 0 (0) 3 (0.5)

  White 82 (67.8) 323 (57.0)

  More than One Race 7 (5.8) 34 (6.0)

  Other 4 (3.3) 42 (7.4)

Ethnicity (N, %)
  Hispanic or Latino 23 (19.2) 157 (28.5)

  Not Hispanic or Latino 97 (80.8) 394 (71.5)

Age (M, SD) 42.8 (10.7) 39.9 (11.0)

Highest degree completed? (N, %)
  High School 12 (8.4) 64 (11.2)

  Associates 8 (5.6) 43 (7.5)

  Bachelors 33 (23.1) 204 (35.6)

  Masters 69 (48.3) 191 (33.3)

  Doctorate 21 (14.7) 71 (12.4)

Years of post-degree experience (M, SD) 13.3 (10.0) 9.3 (8.9)

Years in current position (M, SD) 11.2 (6.0) 10.6 (5.6)
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Effects of initial, quarterly, and monthly implementation 
support
Aim 1a. Sustainment
More than twice as many agencies as the 20% expected 
(41 of 98; 41.8%) delivered ROSE with adequate (75+%) 
fidelity for at least the first 15 months after receiving only 
initial implementation support and were therefore not 
randomized (see Fig.  1). Total months of sustainment 
ranged from 0 to 30. A diagram showing patterns of sus-
tainment across agencies, time, and condition is shown 
in Fig.  2. Of the 85 total randomizations (56 first rand-
omizations and 29 second randomizations) for failure to 
sustain, 79 (93%) were for not offering ROSE and only 6 
were for inadequate fidelity.

We did not observe benefits of adding quarterly imple-
mentation supports (relative to initial implementation 
supports alone) at agencies’ first point of risk (Table 6). 
However, for agencies continuing to be at risk, adding 
monthly (relative to quarterly) support resulted in sig-
nificantly higher average monthly percent sustainment 
of core ROSE elements (the study primary outcome) and 
more months ROSE was sustained with fidelity, both with 
large (d = 0.73 and 0.80) effect sizes (Table 6).

Aim 1b.

Health impact  Because we enrolled many kinds of 
agencies (Table 3), only 63 of 98 enrolled agencies, 30 of 
56 agencies entering the first randomization, and 15 of 29 
agencies entering the second randomization screened for 
PPD as part of their regular services; even fewer screened 
enough people (10+ per quarter) to provide reliable 
estimates (Table  6). Therefore, PPD rate analyses were 
underpowered and results unreliable. We observed no 
statistically significant effects of adding quarterly to ini-
tial support or of adding monthly to quarterly support on 
agency-level PPD rates.

Reach  A total of 8282 people over the 98 agencies 
attended at least 1 ROSE session (agency median = 23.5, 
range = 0–1793) and 3670 attended at least 3 (agency 
median = 9, range = 0–764). In the 41 agencies sustain-
ing well with initial support alone, 5852 total people 
attended at least 1 session (a median of 7.01% of each 
agency’s patients over 30 months; Q1 = 2.40%, Q3 = 
34.47%); 2769 total people attended at least 3 sessions. 
Among the 56 at risk agencies, non-parametric tests 
comparing percent of pregnant people receiving ROSE 
showed no significant differences when adding quarterly 
support. Adding monthly support significantly increased 
percent receiving 3+ sessions ROSE (Table 6).

Aim 1c. Return on investment (costs and cost‑effectiveness 
of each sustainment step)
Cost effectiveness of implementation supports  Over an 
agency’s 18 months of implementation support, total 
implementation costs per agency for initial support-only 
agencies averaged $1,849 ($886 for implementation sup-
port providers and $963 in agency staff time), for initial 
+ quarterly support agencies averaged $2,699 ($1,709 for 
implementation support providers and $990 in agency 
time), and $4,059 for initial + quarterly + monthly sup-
port agencies ($2,583 for implementation support pro-
viders and $1,477 in agency time). Because agencies were 
in quarterly or monthly support conditions for vary-
ing lengths of time, we also calculated cost per quarter. 
Quarterly implementation support cost a mean of $412 
($322 and $90 respectively) per quarter. Monthly support 
cost a mean of $441 ($353 and $88 respectively) per quar-
ter. Supplemental Material 1: Tables A1, A2, and A3 show 
descriptive statistics, cost per session by type of technical 
assistance, and details about time spent on implementa-
tion by support providers vs. agency staff.

Table 5  Most used implementation strategies (catalogued using checkboxes in implementation case notes)

Most used implementation strategies across initial implementation 
support meetings (% of meetings using the strategy)

Most used implementation strategies across quarterly and monthly 
implementation support meetings (% of meetings using the 
strategy)

Distributing educational materials (76%) Facilitation (98%)

Conducting educational meetings (65%) Audit and feedback (56%)

Promoting adaptability (64%) Capturing and sharing local knowledge (54%)

Assessing barriers/facilitators/readiness (39%) Assessing barriers/facilitators/readiness (54%)

Developing a formal sustainment blueprint (36%) Promoting adaptability (47%)

Identifying and preparing champions (35%) Providing clinical supervision (21%)

Obtaining formal commitments (32%) Purposely reexamining the implementation (20%)

Capturing and sharing local knowledge (20%) Using learning collaboratives (Collaborative Board meetings; 15%)

Making billing easier (15%) Providing technical assistance (15%)
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Cost effectiveness of implementation supports  Reach. 
Total implementation costs per person receiving at 
least one session of ROSE (including both implementa-
tion provider and agency staff time) over an agency’s 18 
months of implementation intervention averaged $189 
for initial implementation support only, $458 with only 
quarterly support added, and $238 with both quarterly 
and monthly support added. Implementation cost per 
ROSE attendee in the monthly support condition was 

lower than in the quarterly support condition because 
adding monthly support increased reach. Implementa-
tion cost per ROSE attendee for monthly implementation 
support was just $49 more than implementation cost per 
ROSE attendee with initial implementation support only. 
Sustainment. Relative to quarterly supports and includ-
ing both implementation support and costs for agency 
time, monthly agency supports cost an average of $491 
per additional month that the agency provided ROSE 

Fig. 2  Time periods in months during which ROSE was offered with adequate fidelity*. *Agencies were not randomized after a period of no ROSE 
if they: (1) had a ROSE session scheduled (N=6); (2) held a ROSE session but no one came (therefore, no fidelity; N=2); or (3) the period occurred 
during the study’s randomization pause from 3/15/20 to 7/31/20 for COVID (N=3). In two cases, agencies were randomized who were later found 
to have adequate fidelity; one agency sent fidelity forms >6 months after the end of the reporting period, and another agency had a facilitator who 
misunderstood the fidelity checklists.
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Table 6  Outcomes of agency groups created by first and second randomizations, adjusted for month of entry into randomization

For health impact, also adjusted for baseline version of the outcome and repeated measures. For reach, also adjusted for # of new pregnant people per year at 
baseline. Between-groups P-values<.05 and effect sizes (ES)>=0.4 are bolded
a Agencies were randomized to the monthly condition between 6 and 15 months of the 30-month trial period and therefore had limited months left to implement 
and sustain. In addition, some never started ROSE at all (see pink lines in Fig. 2), meaning that several zeroes were included in the average of months of sustainment
b Total numbers attending ROSE over 30 months were annualized (divided by 2.5), then divided by number of pregnant people served in the 12 months prior to 
baseline and multiplied by 100% to estimate percent of pregnant patients at each agency who received ROSE over 30 months. Where numbers reported were 
inconsistent (e.g., agencies reporting more people attending 3+ sessions than attending 1+ sessions), we conservatively set the number attending 1+ sessions to the 
number attending 3+ sessions. Missing reach data were treated as zeroes

Outcome First randomization Second randomization

Initial + 
Quarterly 
Support, 
N=44
Mean (SE)

Initial 
Support Only, 
N=12
Mean (SE)

Difference 
(95% CI)

P (ES) Initial + 
Quarterly + 
Monthly 
Support, 
N=15
Mean (SE)

Initial + 
Quarterly 
Support Only, 
N=14
Mean (SE)

Difference 
(95% CI)

P (ES)

Sustainment

  Monthly 
average 
percent of core 
ROSE elements 
sustained 
(longitudinal)

0.34 (0.05) 0.18 (0.09) 0.16 (−0.04, 
0.37)

.12 (0.28) 0.43 (0.08) 0.13 (0.09) 0.30 (0.05, 0.55) .02 (0.73)

  Number 
of months 
ROSE was pro-
vided

7.00 (1.09) 5.07 (1.95) 1.93 (−2.49, 
6.34)

.39 (0.29) 7.11a (1.81) 3.38 (1.87) 3.73 (−1.65, 
9.10)

.17 (0.53)

  Number 
of months 
ROSE 
was provided 
with adequate 
fidelity

6.02 (0.91) 4.41 (1.79) 1.61
(−2.34, 5.57)

.42 (0.27) 6.68a (1.45) 2.20 (1.54) 4.48
(0.16, 8.79)

.043 (0.80)

Health impact

  PPD rate (0 
−1) (longitu-
dinal)

0.24 (0.03)
N = 25

0.29 (0.07)
N = 5

−0.05 (−0.20, 
0.10)

.50 (0.20) 0.26 (0.05)
N = 12

0.36 (0.13)
N = 3

−0.11 (−0.42, 
0.20)

.47 (0.36)

PPD rate (0 – 1) 
where number 
screened is 10+ 
(longitudinal)

0.21 (0.03)
N = 22

0.22 (0.07)
N = 5

−0.02 (−0.17, 
0.13)

.80 (0.10) 0.21 (0.07)
N = 11

0.41 (0.16)
N = 2

−0.21 (−0.60, 
0.19)

.18 (0.73)

Reachb

Median
(Q1-Q3)

Median (Q1-
Q3)

Test statistic P Median
(Q1-Q3)

Median
(Q1-Q3)

Test statistic P

  Annual-
ized percent 
of pregnant 
people attend-
ing at least 
one ROSE 
session over 30 
months

1.07 (0–4.80)
N=41

0.46 (0.07–
11.00)
N=11

321.50 (Z=0.67) .51 (ES=0.09) 1.62 (0.10–7.67)
N=14

0 (0–2.07)
N=13

146.5 
(Z=−1.74)

.08 (ES=0.33)

  Annual-
ized percent 
of pregnant 
people attend-
ing at least 3 
ROSE sessions 
(of 5) over 30 
months

0.10
(0–2.88)
N=41

0.06
(0–10.00)
N=11

313.00 (Z=0.48) .63
(ES=0.07)

0.38
(0–4.27)
N=14

0 (0–0.01)
N=13

139.00
(Z=−2.19)

.03 (ES=0.42)
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with fidelity. Agency-level PPD rates were not reliable, 
and therefore cost-effectiveness analyses using PPD cases 
averted and QALYs were not conducted. LICF alone was 
not cost-effective on any of the outcomes assessed.

ROSE costs  Across 26 programs that served 952 clients 
in program months 10–12, the median agency’s service 
delivery cost per person receiving ROSE was $124 ($63 
Quartile 1, $309 Q3) and the mean was $246 (SD $291). 
The median agency’s combined cost of implementation 
support and service delivery was $212 ($87 Q1, $382 
Q3). However, costs were highly variable among agen-
cies, with high implementation costs per ROSE attendee 
for agencies that only provided ROSE to 1 or 2 clients. 
Costs also varied across kinds of agencies and geographic 
regions.

Aim 1d: Mechanisms
We did not observe effects of adding quarterly to initial 
or monthly to quarterly implementation supports on 
hypothesized mediating variables (see Table 3 for list).

Which kinds of agencies need which level of support (Aim 
2a)
Agencies that were able (vs. unable) to sustain after initial 
implementation support alone had higher rates of staff 
(but not leadership) involvement and investment (i.e., 
attitudes) in sustaining ROSE at baseline, and perceived 
the agency as more able to receive funding or reimburse-
ment for ROSE at 3 months. Agencies able (vs. unable) 
to sustain ROSE after receiving quarterly implementation 
support were located in states with less supportive PPD 
laws and lower maternal mortality rates (Supplemental 
Table B1).

Discussion
The ROSE Sustainment Study is among the first rand-
omized trials evaluating effectiveness and cost-effec-
tiveness of a stepped approach to sustainment, a critical 
unanswered question in implementation science. Results 
indicated that: (1) thorough initial implementation sup-
port alone (3 meetings) worked better than expected 
(41/97 or 42% of cases sustained compared to expected 
20% based on the literature [34, 35]); (2) no benefits 
accrued by adding quarterly clinical, operational, and 
interagency implementation support for agencies at risk 
for non-sustainment; but (3) among agencies still at risk 
after receiving quarterly support, adding monthly clini-
cal, operational, and interagency implementation sup-
port improved sustainment of ROSE core elements over 
30 months, number of months ROSE was provided with 
fidelity, and reach. The cost per person served with ROSE 
in agencies randomized to monthly support was lower 

than for those randomized to quarterly support because 
monthly implementation support increased reach. The 
cost of agency-wide ROSE implementation (means of 
$1,859 to $4,059 depending on level of support received) 
was far less than the cost of a single untreated case of 
PPD ($33,484) [39].

Based on these results, we suggest providing thor-
ough training and written sustainment planning at the 
beginning of ROSE implementation. If the agency is not 
providing ROSE or not providing it with fidelity, move 
to monthly support, at least until ROSE delivery is sta-
bilized. This exact sequence (adding monthly support if 
agency is at risk for non-sustainment and skipping quar-
terly) was not tested in the current SMART but may be 
the most efficient use of resources based on our sustain-
ment and cost-effectiveness findings.

An encouraging finding from this trial is that strong 
initial implementation support, consisting of 3 meetings 
(logistics planning and a written sustainment plan, clini-
cal training, and then operational/billing problem-solv-
ing, copies of recordings of all meetings with the agency) 
created at least 15 (and up to 30) months of sustainment 
in 42% of agencies. Previous research has suggested that 
one-time clinical training alone is usually not sufficient to 
promote sustained implementation [34]. However, thor-
ough initial implementation support, which included 
not only clinical training but also a sustainment planning 
meeting culminating in a written sustainment plan, an 
operational support meeting, and agency-specific record-
ings of the 3 initial meetings/trainings, produced sustain-
ment in almost half of agencies in this study.

Non-sustainment in this trial was largely due to agen-
cies not offering ROSE at all versus ROSE quality issues. 
The vast majority (93%) of randomizations for non-sus-
tainment were for not offering ROSE rather than for inad-
equate fidelity. Furthermore, agencies needed to begin 
ROSE to sustain it2. Challenges beginning ROSE accounted 
for many of the randomizations for non-sustainment 

2  Implementation science scholars disagree about when implementation 
ends and sustainment begins, with suggestions ranging from sustainment 
starting two years after initial implementation begins to sustainment start-
ing as soon as initial implementation supports end. However, most agree 
that it is important to focus on sustainment from the beginning of imple-
mentation because sustained implementation is the true goal. Therefore, 
in this study, initial implementation (which consisted of 3 meetings at the 
beginning of the 30-month assessment period for each agency) included 
explicit attention to sustainment, such as a written implementation and 
sustainment plan. After that, implementation supports were withdrawn 
until and unless: (1) ROSE was not delivered with fidelity during Months 
3-18, and (2) the agency was randomized to receive additional support. This 
occurred early for some agencies, some agencies never started ROSE, and 
others sustained without additional support for at least 30 months. For sim-
plicity and because imposing a specific cut-off period seemed arbitrary, we 
used the terms “sustainment” and “at risk for non-sustainment” for agencies 
any time after the initial training, rather than using terms like “partial imple-
mentation” or “non-implementation” to refer to part of the 30-month period 
and “sustainment” to refer to other parts of the 30- month period.
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in this study (see Fig. 2). The pandemic does not explain 
these randomizations because: (1) we paused randomiza-
tion for non-sustainment during the first several months 
of the pandemic (several agencies closed temporarily), and 
(2) much of our 29-month recruitment and initial training 
window occurred before the pandemic.

Agencies randomized to monthly support had been 
unable to implement consistently for 6–15 months. As 
suggested by Wolfenden et al., [45] these agencies expe-
rienced practical barriers and needed more frequent 
consultation, problem-solving, and discussion with other 
implementing agencies. Initial implementation included 
a conversation about ROSE adaptable elements (Table 2) 
and which delivery and referral options best fit their 
agency. Quarterly and monthly implementation sup-
port meetings helped agencies revisit adaptable elements 
when their initial choices hit obstacles, reminding them 
of options they had forgotten.

Predicting which agencies will need additional supports 
at the outset may not be feasible. We found few consist-
ent differences between responders and non-responders 
to initial implementation support alone. Therefore, we 
suggest providing the initial training, checking in with 
the agency monthly (instead of waiting a quarter), and if 
they are not offering ROSE or do not have a project date 
for the first ROSE session, starting monthly assistance.

Strengths and weaknesses
Strengths of the study include the randomized design, 
manualized protocols for implementation supports, care-
ful characterization of implementation processes, and 
transparent power and statistical analyses. The study’s 
focus on enhancing care of low-income populations, 
examination of potential mechanisms and predictors of 
intervention response, and cost-effectiveness analyses 
increase its relevance.

Trial weaknesses included challenges with agencies’ 
self-reported PPD rates. To reduce trial burden, we did 
not ask agencies to PPD screen for the study, but to 
report numbers already collected if available. Because 
types of agencies varied (e.g., medical, birth education, 
nutrition agencies), only 63 agencies screened for PPD (at 
all) and even fewer screened often enough to make PPD 
rate estimates reliable. Patterns of data at some agencies 
(e.g., only 2 people screened per quarter and both screens 
were positive) suggested that some agencies did not 
screen everyone. These reporting challenges, combined 
with more agencies than expected sustaining after initial 
implementation, created small sample sizes for PPD rate 
comparisons. Therefore, findings (or lack thereof ) for 
agency PPD rates should be interpreted with caution.

Conclusions
In randomized trials, ROSE prevented half of PPD cases, 
roughly one PPD case for every six program completers 
[19–23]. ROSE is sustainable for most agencies at rela-
tively minimal cost (means of $1,859 [initial implementa-
tion support only] to $4,059 [initial+quarterly+monthly] 
including both implementation support providers and 
agency staff time), far less that the cost of a single case of 
untreated PPD ($33,484) [39]. Almost half (42%) of pre-
natal agencies serving low-income pregnant people were 
able to implement and sustain ROSE with only initial 
logistical problem-solving, training, and written sustain-
ment planning. Monthly (but not quarterly) subsequent 
implementation support improved sustainment among 
agencies at risk. Monthly implementation support had a 
lower cost per ROSE attendee than did quarterly support 
because it increased reach. Therefore, we suggest that: 
(1) ROSE be implemented, and that (2) implementation 
should provide thorough training and written sustain-
ment planning at the beginning. If the agency does not 
provide ROSE at all or with fidelity, move to monthly 
support until delivery is stabilized.
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