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Health disparities in minority populations are well recognized. Hispanics and Latinos constitute
the largest ethnic minority group in the United States; a significant proportion receives their care
via a safety net. The prevalence of diabetes mellitus and comorbid depression is high among this
group, but the uptake of evidence-based collaborative depression care management has been
suboptimal. The study design and baseline characteristics of the enrolled sample in the Diabetes–
Depression Care-management Adoption Trial (DCAT) establishes a quasi-experimental compar-
ative effectiveness research clinical trial aimed at accelerating the adoption of collaborative
depression care in safety net clinics. The study was conducted in collaboration with the Los
Angeles County Department of Health Services at eight county-operated clinics. DCAT has
enrolled 1406 low-income, predominantly Hispanic/Latino patients with diabetes to test a
translational model of depression care management.
This three-group study compares usual care with a collaborative care team support model and a
technology-facilitated depression care model that provides automated telephonic depression
screening and monitoring tailored to patient conditions and preferences. Call results are
integrated into a diabetes disease management registry that delivers provider notifications,
generates tasks, and issues critical alerts. All subjects receive comprehensive assessments at
baseline, 6, 12, and 18 months by independent English–Spanish bilingual interviewers. Study
outcomes include depression outcomes, treatment adherence, satisfaction, acceptance of
assessment and monitoring technology, social and economic stress reduction, diabetes self-care
management, health care utilization, and care management model cost and cost-effectiveness
comparisons. DCAT's goal is to optimize depression screening, treatment, follow-up, outcomes,
and cost savings to reduce health disparities.

© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Depression is a chronic, often life-long illness [1]. Patients
with diabetes are at risk for major depression that can amplify
morbidity, mortality, and cost [2,3]. The high prevalence of
depression with concurrent diabetes may increase patient
disability and their need for social support while negatively
impacting treatment efficacy, medication adherence, hospital-
ization risk, self-care management, patient–physician connect-
edness, and quality of life [4–10]. Concurrent comorbid illness
and patient self-rated health can also contribute to depression
[11,12]. Complex patients with diabetes are at high risk for
clinically significant depression [13], and a bidirectional
association between depressive symptoms and diabetes is
common [11,14,15].

Low-income, culturally diverse populations with chronic
illness have a two-fold higher risk of comorbid depression
compared with the general population, with rates of depres-
sion among Hispanics/Latinos reaching as high as 33% [16].
Hispanics/Latinos have a higher prevalence of diabetes com-
paredwith non-Hispanic whites [17], and thosewith comorbid
depression and diabetes are at a greater risk for functional
disability, mortality, and poor health service use. Racially,
ethnically, culturally, and economically driven treatment
preferences and care-seeking behavior are well documented.
Disparities related to receiving a diagnosis, counseling, mental
health referrals, antidepressantmedication (AM)prescriptions,
and depression care follow-up are common [18–28]. Hispanics/
Latinos are less likely to be diagnosed or receive depression
care, and they experience socio-economic barriers to care; they
also have lower use rates of AM, are at a greater risk of
discontinuing AM, and frequently prefer psychotherapy to AM
use [29].

Increasing evidence has shown that primary care depression
treatment is effective among low-income, racial/ethnic minority
populations [30–34]. When collaboration between primary care
physicians (PCPs) and mental health professionals is supported
by systematic feedback to the primary care team and enhanced
with nurse or social worker care management [35], the treat-
ment of depression becomes efficacious and cost-effective.
However, the complex mix of patient, provider, and health
system factors in safety net settings impedes the adoption of
evidence-based collaborative depression care and results in
persistent disparities in depression outcomes.

Safety net patients encounter self-care management stress
because of difficulties in communicating with and communi-
cation between multiple medical providers, managing concur-
rent illnesses, uncoordinated treatment plans, and navigating
supportive community resources [36–40]. Concurrently, safety
net care providers often find that engaging patients withmajor
depression is challenging, particularly when accompanied by a
concurrent chronic illness, because it requires active depres-
sion symptom assessment and management over time on top
of managing a medical condition such as diabetes. Thus,
patients miss out on remission, recovery, relapse, and recur-
rence follow-up assessments [1].

Safety net primary care providers are responsible for
synthesizing health-related information, medication reconcilia-
tion, and multi-provider communication inclusive of specialty
and emergency department/inpatient providers. Furthermore,
they must deal with literacy [26], language, cultural preference,
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and financial barriers to patient care. Providers, thus, may lack
the time and skills required to effectively communicate and
interact with diverse patient populations, especially those who
need depression management. The Diabetes–Depression Care-
management Adoption Trial (DCAT) technology-enhanced care
model aims to address several of these barriers.

2. Methods

2.1. Overall design and hypotheses

The DCAT trial aims at comparing approaches to accelerating
the adoption of collaborative team depression care. The study is
in collaboration with Los Angeles County Department of Health
Services (DHS) Ambulatory Care Network (ACN), the second-
largest safety net care system in the United States. DCAT is a
translational study consistent with current evidence-based
clinical recommendations about depression screening and
treatment. The U.S. Preventive Services Task Force recommends
screening adults for depression if depression care provider
support is available, whereas other guidelines encourage
providers to apply an adaptive treatment approach designed to
ensure patient-specific reductions in depression. DCAT inter-
vention is built on the effective Multifaceted Depression and
Diabetes Program (MDDP) randomized clinical trial [30–33] and
extensive evidence from the depression collaborative team care
model [35,40,41] and is responsive to known barriers to
treatment among DHS patients in safety net clinics. The study
population consists of low-income, predominantly Hispanic/
Latino patients with diabetes who receive primary care within
public safety net hospital- or community-based DHS outpatient
clinics.

The DCAT clinical trial uses a comparative effectiveness
research (CER) design to conduct a quasi-experimental study
comparing three delivery models in three groups: usual care
(UC), supported care (SC), and technology-facilitated care
(TC). Every participant in the study groups is given a set of
educational and community resource written materials in
Spanish or English. DHS leadership selected eight primary
care clinics, based on criteria that reflect geographic and
diabetes care model diversity. The UC group includes two
community clinics and represents the status quo of clinical
practice, where the translation and adoption of depression
care evidence is performed by the PCPs and their staff. The SC
and TC groups each include two care teams of the DHS
diabetes disease management program (DMP). These teams
practiced in two community clinics and one hospital-based
outpatient clinic; that is, in both SC and TC, one of the two
teams practiced in both a community clinic and a hospital
outpatient clinic.

The DMP's practice model uses team staff (i.e., physicians,
nurse practitioners, nurses, and social workers) acquainted
with guidelines and protocols to support diabetes, congestive
heart failure, and asthma care management for high-risk or
high-utilization patients. The program includes a home-grown
web-based chronic disease registry to support clinical assess-
ment and decisions. SC models are efficacious and can be
cost-effective for chronic disease management. However,
integrating depression comorbidity care remains a substantial
challenge, especially in performing proactive acute treatment
follow-up and long-term monitoring and management. The
sion care management among predominantly Latino diabetes
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reasons are multifactorial and include the intensive labor and
time involvement required to engage in collecting, summariz-
ing, and reviewing individual or aggregate patient data to
facilitate care. The challenges also are in depression care
continuation. The DMP is designed for limited-time care
management (typically 6 months); then patients are trans-
ferred back to their primary medical providers. Continuous
depression symptom assessment, treatment monitoring, and
relapse prevention become more challenging in the busy
primary care practices.

In testing a new approach for depression care manage-
ment implementation, DCAT TC provides advanced health
technology to facilitate automated depression assessment,
support for patient self-management, optimized therapy
receipt, and timely treatment follow-up. This intervention
aims to apply technology applications to enable care teams to
fill gaps in current depression care. The technology applica-
tions are designed to facilitate patient engagement and
optimal adaptive depression management in primary care,
improve health care outcomes at reduced utilization costs,
reduce individual patient physical or economic burden, and
be responsive to patient care preferences. The care manage-
ment technology development was in part based on lessons
learned from the first DHS test of an automated remote
monitoring system developed by DHS for patients with heart
failure.

DCAT, therefore, compares study outcomes between the
following three groups:

• two non-DMP usual primary care practices,
• two DMP-supported care practices (in which patients meet
with nurse diabetes care managers and social workers for
6 months and then return to usual primary care practices),
and

• two DMP-supported care practices followed by primary
care practices after 6 months plus the technology applica-
tions for 12 months.

All subjects received comprehensive assessments at base-
line, 6, 12, and 18 months by independent English–Spanish
bilingual interviewers. The different care models experienced
by the SC and TC group patients provide a natural experiment
to study the independent effects of DMP caremanagement, the
technology, and the combinations.

The DMP leadership assigned the care teams to the TC and
SC groups based on administrative and geographic consider-
ations rather than clinical or team-related criteria. Each study
patient is in the study group located where he or she sought
care during recruitment.

The primary DCAT hypotheses are as follows: (1) the care
management technology implementation will ensure high-
fidelity delivery of recommended depression care screening
and monitoring over time; (2) depression symptom reduction,
better functional status, quality of life, and patient satisfaction
with care between the TC and the SC will not be statistically
significantly different, but both will be greater than the UC
group at 6- and 12-month assessments; (3) difference in the
diabetes care process and outcomes between TC and SCwill not
be statistically significant, but both will be greater than the UC
group at 6- and 12-month assessments; (4) less healthcare
utilization will occur in TC at 6- and 12-month assessments,
where the greatest level of technology is applied; and (5) of the
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three groups, the TC group will be the most cost-effective
approach for accelerating adoption of depression screen-
ing, monitoring, and adaptive treatment. Secondary re-
search questions will address the following: (a) medical
provider satisfaction with the technology used in the TC
group; (b) patient satisfaction with and acceptance of TC
automated calls; (c) factors identified by medical providers and
clinic administrators related to satisfaction, barriers, and sus-
taining the intervention post-trial; (d) patients' reported
satisfaction, facilitating factors, and barriers to receipt and
acceptance of technology-facilitated depression care; and (e)
the relative importance of the care management team and the
care management technology.

2.2. Care management technology

A key DCAT care delivery innovation is a novel automated
telephonic assessment (ATA) call system linked with the DMP's
diseasemanagement registry (DMR) for patient assessment and
to facilitate timely proactive follow-up by the patient's DMP care
providers (Fig. 1). Depression assessmentmay seem an unlikely
candidate for automation because of the highly sensitive and
personal nature of the symptoms. However, protocols for
screening and monitoring depression do not require profes-
sional training; and since depression diagnostics are limited to
symptoms, they are easily adaptable to communication-based
technology without requiring supplemental technology or
devices. The Indiana Cancer Pain and Depression (INCPAD)
Trial tested the first automated (by telephone or Internet)
depression symptom monitoring system; INCPAD found the
system to be acceptable to cancer patients and to result in
improved depression outcomes when coupled with centralized
telephone-based care management [42,43]. DCAT is the first
trial to design and evaluate an ATA system for diabetes patients'
depression symptom assessment and treatment monitoring
that serves the safety net population, includes both English and
Spanish languages, and is intended to be implemented in
real-world primary care settings.

We selected telephone as the communication platform
because phones are the most accessible technology among the
low-income population. The ATA uses “Amy,” the persona of
the automated call system who speaks a natural voice, rather
than a system-generated text-to-speech robotic voice, to
administer the assessment questions. Patients can select their
choice of language (English or Spanish) for the calls from Amy.
The DCAT ATA has built in both automated speech recognition
(ASR) and interactive voice response (IVR) technologies that
allow call respondents to either speak their responses to Amy's
questions or punch numbers on a keypad. ASR has the
advantage of eliminating number-punching errors, which are
a concern for diabetes patientswith sensing or vision problems.

DCAT ATA uses the Patient Health Questionnaire 9 items
(PHQ-9) for depression screening and symptom monitoring
because it provides both a dichotomous diagnosis of probable
major depression and a continuous severity score. Patients
are identified as having clinically significant depression if
they have a PHQ-9 score of ≥10. A PHQ-9 score of ≥10 has
been found to have 77–80% sensitivity and 92–94% specificity
for a diagnosis of major depressive disorder (MDD) based on
structured psychiatric interviews [44–46]. Patients assessed
as not depressed at baseline are screened quarterly, whereas
sion care management among predominantly Latino diabetes
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Fig. 1. DCAT technology-facilitated care management model.
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patients assessed as depressed at baseline – either by symp-
toms, diagnosis, or antidepressant treatment – are monitored
monthly. The frequency of monitoring was based on the
recommendations of the co-author clinicians (Guterman,
Gross-Schulman, and Katon), who considered clinical quality,
patient safety, and practice feasibility. Outbound automated
calls are scheduled based on a dynamic protocol of type of call
(screening or monitoring), calendar dates, clinical events, call
history, and patient preferences (such as call time), using data
and the DCAT algorithms in the DMR. Patients can opt for
password-protected access to enhance privacy and can use the
system to reschedule the call or request human follow-up.

The screening call collects information in four categories:
(1) depressive symptoms (PHQ-2 and PHQ-9, as appropriate),
(2) pain, (3) self-management activities, including regular
physical and fun activities, and (4) patient request to be
contacted by his or her provider. The monitoring call for
depressed patients includes all of the above, aswell as questions
about AM adherence, side effects, and problem-solving skills for
those patients who receive psychotherapy treatment. If a
patient expresses an inclination toward self-harm or suicide
(PHQ-9 item 9 response in more than half the days to nearly
every day, i.e., a threshold 2 or more), the call system will
automatically initiate contact with an emergency response
physician to help the patient. If there is no response within
15 min, the call system initiates contact with the next physician
on the emergency response team. This process repeats up to the
fifth physician to ensure that the patient is attended to.

The ATA-collected data are assessed, and results are
electronically integrated into the DMR for clinician viewing.
Specific issues identified from the data will trigger insertion
of a new provider task in the registry, including tasks to
address patient callback requests, depressive symptoms, and
Please cite this article as: Wu S, et al, Technology-facilitated depres
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AM issues. Further design details of the enhanced DMR and
the ATA system performance are described elsewhere [47].

2.3. Eligibility

Patientswere eligible for the study if theywere 18 years old
or older, had been diagnosed with type 2 diabetes, had a
working phone number, spoke English or Spanish, and could
read and understand the consent form. Patients with baseline
possible suicidal ideation (PHQ-9, item 9 response in more
than half the days to nearly every day, i.e., a threshold 2 or
more), cognitive impairment (Short Portable Mental Status
Questionnaire scores of b5) [48], alcohol abuse (two or more
CAGE items from the quantity-frequency index, and questions
about the patient's perception of substance use) [49], or recent
lithium/antipsychotic medication use were ineligible for the
trial. Patients were not required to have depression to be
eligible for the study because DCAT is addressing the elevated
risk for depression among patients with diabetes by testing a
care approach that incorporates depression screening, symp-
tommonitoring, and treatment follow-up for diabetes patients.

2.4. Subject recruitment

Institutional review board approval was obtained from the
University of Southern California, Olive View UCLA Medical
Center, and the Los Angeles Biomedical Research Institute
Human Subjects Review Boards. The enrollment period was
from April 2011 toMay 2012 in the eight study clinics. Patients
with type 2 diabetes were identified from database and clinic
records for recruitment. Patients provided verbal consent for
study eligibility screening to bilingual research assistant study
recruiters. Of the 1704 patients screened, 1066 (63%) were
sion care management among predominantly Latino diabetes
013), http://dx.doi.org/10.1016/j.cct.2013.11.002
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women and 638 (37%) were men. Men had a significantly
lower enrollment rate (83% vs. 88%; p = 0.003), which was
often associated with poor alcohol use scores (5% for men vs.
1% for women). Twelve patients did not sign the HIPAA
agreement, and 57 patients were excluded from baseline
completion. A total of 1406 diabetes patients (83% of patients
screened) providedwritten informed consent and completed a
structured baseline interview that included both PHQ-9 and
Hopkins Symptom Checklist (SCL)-20 depression symptom
assessments (See CONSORT Fig. 2); 484 patients were in theUC
group, 480 patients in the SC group, and 442 patients in the TC
group. Patient and family depression educational materials
(including a comic book fotonovela [50]) designed specifically
for patients and family members with low health literacy were
provided to all study patients in Spanish or English by bilingual
study recruiters. The study clinic physicians were notified of
the baseline depression screening results for those patients
whose PHQ-9 score were 10 or higher, or who showed suicidal
ideation (item 9 of PHQ-9 scored greater than 1).

Participants received no monetary incentive for the study
enrollment and baseline assessment. However, they receive a
$10 gift card for each follow-up assessment they complete.
The study clinics participated in the study pro bono.

2.5. Data collection protocol

The ATA call system keeps a record of each call attempt
and result, the captured assessment data, tasks triggered in
DMR, and task completion status. Emergency response
providers log the ATA alert-triggered patient suicidal or
self-harm risk assessments.
Fig. 2. CONSORT chart of pa
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Patient assessment is scheduled at baseline, 6-, 12-, and
18-months follow-up. Each interview takes approximately
45 min. Three English–Spanish bilingual study recruiters
administered the baseline assessment with study patients in
the recruitment clinics. Three independent English–Spanish
bilingual interviewers administered the follow-up assess-
ment by telephone. Measured variables are described below.
The variables are measured at each wave of data collection
unless otherwise indicated.

2.5.1. Primary outcome measures
Several measures are used to assess the ATA fidelity in

delivery of recommended depression care screening and
monitoring over time. These include the ATA call reach rate
and completion rate, data capture rate and error rate, validity
of PHQ assessment, patient safety assurance, and provider
tasks generation and completion.

Regarding patient outcomes, depressive symptomatology is
measured using the PHQ-9 and the SCL-20 depression scale,
consisting of the 20 depression items from the SCL-90 [51]. Two
standard questions from the structured clinical interview for
Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV
were used to assess dysthymia [52]. The Sheehan Disability
Scale was used to rate functional impairment on a 10-point
Likert scale [53]. Health-related quality of life was assessed
using the Medical Outcomes Study Short-Form Health Survey
(MOS SF-12) [54] and the Physical and Mental Component
summaries (PCS and MCS) norm-based scores standardized to
the general U.S. population with a mean of 50 (SD = 10).
Chronic pain was defined as pain present most of the time for
6 months or longer during the past year. The SF-12 also includes
rticipants in the trial.

sion care management among predominantly Latino diabetes
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one measure of pain impact that asks respondents to rate the
level of pain interferencewith normal work on a scale of 5 (1=
none and 5 = extremely). The Brief Symptom Inventory (BSI)
assessed anxiety [55]. Patient satisfactionwith diabetes care and
emotional care are assessed on a 5-point Likert scale from very
dissatisfied to very satisfied.

Also included in the assessment are the summary ofDiabetes
Self-Care Activities Questionnaire to assess self-reported adher-
ence [56], the Whitty 9-item questionnaire to assess diabetes
symptoms [57], and the brief two-item Diabetes Distress Scale
to screen for distress [58]. Moreover, we assessed self-reported
weight and height (from which we calculated the body mass
index [BMI]), diabetes treatment and complications, comorbid
medical illness, employment, and socioeconomic stress (work,
unemployment, financial problems, marital/family conflict,
legal and care-giving problems, and community violence
concerns). Social demographics (age, sex, marital status, racial/
ethnic group, birthplace, time living in the United States,
language, and education) were assessed at baseline.

From electronic medical records, DCAT obtained medical
history and utilization data from 6 months pre-trial to the end
of the trial. These data include hospitalization, clinic and
emergency department visits, pharmacy pick-up, and Interna-
tional Statistical Classification of Diseases and Related Health
Problems (ICD)-9 codes for diagnostic diseases, as well as the
lab results of glycated hemoglobin (A1C),micro-albumin, and a
lipid panel during the same period of time.

At each scheduled assessment, patients are also asked to
respond to questions about their previous outpatient (medical
and mental health), inpatient, and emergency room service
utilization, including use outside of the United States. Ques-
tions also address travel time to clinic, length of time for
average visit, and time off work due to outpatient visits.
Patients are asked to have all their medication bottles available
during the assessment so they can read the prescription to the
interviewer; that information enables us to convert pill, dosage,
and number of pills to a price.

DCAT obtains administrative cost data as follows: The
Chronic Disease Score (CDS), a standardized measure of
chronic medical illness [59], will be computed for each patient
using clinic pharmacy records to measure chronic medical
comorbidity based on prescription drug use [60]. If patients use
other pharmacies, the self-report medications will be used as
well. Service utilization and health care costs are determined
using data from DHS outpatient and pharmacy billing records,
electronic emergency room and hospitalization billing cost,
and mental health care use data from medical records.

2.5.2. Secondary outcome measures
At each follow-up interview, TC patients are asked to rate

their overall satisfaction with the ATA calls and their level of
acceptance of using technology for depression assessment
and monitoring during follow-up interviews. The project
assistant keeps a log of the calls she makes to patients to
assist the study team in understanding reasons for incom-
plete or missing calls.

2Provider perceptions of satisfaction with and sustainabil-
ity of the studied care approaches and technology applications
will be assessed post-trial via a semi-structured interviewwith
the four DMP practice teams and the two primary care
practices. In addition, a supplemental survey questionnaire
Please cite this article as: Wu S, et al, Technology-facilitated depres
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will be used; it includes the perceived self-efficacy in
diagnosing and treating depression, intention to change care
of depressed patients, patient and financial barriers (α
coefficients 0.74–0.86) [61], a measure of satisfaction with the
studied care approaches, and an assessment of organizational
barriers to care as well as helpful strategies to address these
barriers.

2.6. Study intervention

Before study implementation, DCAT offered online depres-
sionmanagement training in both antidepressant treatment (W.
Katon) and problem-solving therapy (PST), an evidenced-based
treatment for depression [62] that was chosen as the clinical
counseling method based on patient preference and participa-
tion and satisfaction in our previous MDDP trial [30,31] (A.
Nezu). Training was open to all study clinics relevant staff.
Thirty-eight clinicians viewed three webinars that were made
available through online streaming or via a CD; the webinars
covered depression treatment guidance and an introduction of
the depression collaborative care model. Twenty-eight physi-
cians, nurse practitioners, nurse care managers, social workers,
and other clinical staff participated in the PST workshop. In
addition, S. Wu and K. Ell met via telephone or in clinics with
nurse managers and social workers to address questions about
the training focus and to discuss staff concerns.

Patients in the UC group received traditional clinic depres-
sion and diabetes care. SC DMP clinics provided structured
diabetes care management assisted by a nurse practitioner, a
registered nurse, plus a clinic social worker to assist patients
with mental health problems. Patients in the TC group were
provided DMP care plus the aforementioned health technology
applications, i.e., the ATA depression screening or monitoring
calls that were integrated into the DCAT-enhanced DMR to
notify providers. In addition, patients received automated
telephonic appointment reminders for their DMP in-person
visits.

The ATA depression screening and monitoring calls were
scheduled monthly for patients meeting major depression
criteria at baseline and every 3 months for patients notmeeting
major depression criteria at baseline. The DCAT project assistant
contacted any patient who did not complete the scheduled
assessment in order to complete the PHQ-9 measures. Patients
could also request to be switched from the ATA to human calls,
which were made by the project assistant. The TC providers
received the assessment data in the DMR. If the assessment
found PHQ-9 score greater than 8 or patients having AM issues
(such as no medication, poor adherence, or side effects), the
DMR would generate tasks to prompt the patient's designated
care managers or social worker to follow up with the patient.
DMR also generates a task when a patient requests to be
contacted. Suicidal or self-harm alerts were also implemented;
initially in the study, three psychiatrists were on call by the ATA,
with one more physician as the back-up. Eventually, co-author
Guterman also assumed the responsibility and is the fifth
physician in the emergency response team.

DMP depression care is based on the Depression Care
Protocol (DCP; Fig. 3), which ACN Research and Innovation
(R&I) developed during the study for use in the SC and TC
intervention groups. These materials were readily accessible
to the care team. Weeks 1–8 of the DCP include (a) first-line
sion care management among predominantly Latino diabetes
013), http://dx.doi.org/10.1016/j.cct.2013.11.002
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treatment with AM prescribed according to the protocol by
the treating physician or nurse practitioner or (b) referral to
the DMP social worker for six to eight PST sessions for
patients refusing medication. During Weeks 9–12, the care
manager refers patients with a partial response (reduction in
PHQ-9 scores) or nonresponse back to the treating physician
or nurse practitioner for consideration of AM drug or dosage
adjustment and the addition of PST. Patients with a full
response (PHQ-9 score less than 8) receive monthly treat-
ment maintenance and relapse-prevention behavioral acti-
vation. All patients in the SC and TC groups receive support
from a nurse care manager by telephone or in the clinic; in
Fig. 3. Depression trea
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the TC group, patients also receive the ongoing follow-up
ATA calls in English or Spanish. Consistent with the DCP,
patients with persistent PHQ-9 scores of 10 or higher are
offered additional PST booster sessions, augmentation with
low-dose trazodone, an AM that also help treat anxiety and
insomnia, or referrals to specialty mental health care.

2.7. Sample size and data analysis plans

2.7.1. Sample size estimates
The target sample size was based on power analysis for

two primary outcomes, reduction of prevalence of major
tment protocol.

sion care management among predominantly Latino diabetes
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depression (PHQ-9 score ≥ 10) and depression remission
(PHQ-9 score reduction ≥ 50% and less than 8 for patients
with MDD at baseline). Power analyses were conducted using
nQuery [63] to estimate effect sizes of the treatment with
pre- and post-intervention comparisons and with longitudi-
nal statistical approaches for repeated measures comparing
the trend depression related outcomes in the DCAT study.
The calculations assumed α of 0.05 and power of 0.80. With
Please cite this article as: Wu S, et al, Technology-facilitated depres
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the assumptions that attrition rates will be less than 20% for
patients at each 6-month follow-up assessment up to
18 months for pre- and post-intervention comparisons, a
sample size of 51 depressed patients in each study group
allows the study to detect a small effect size of less than 0.01
[64]. Given 25% to 30% of depression prevalence among
diabetes patients from our previous MDDP trial and a 25%
cushion for baseline characteristics differences due to
sion care management among predominantly Latino diabetes
013), http://dx.doi.org/10.1016/j.cct.2013.11.002
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quasi-experimental trial design, DCAT requires a sample size
of approximately 500 type 2 diabetes patients in each study
group.

2.7.2. Technology analysis
To address the fidelity and effects of the TC technology

implementation, the study team will use descriptive and
statistical analyses to examine several measures, including
feasibility of ATA assessment response, reliability of data
capturing, validity of assessment accuracy, and safety of
alerting suicidal ideations. We will also analyze changes in
patient satisfaction with the ATA over time (using data from
the patient interview), the reasons for not responding to the
ATA calls (using data from the project assistant log), and
patient risk level of suicidal ideations (using data from the
provider completed assessment form).

2.7.3. Outcome analysis plan
Prior to statistical analyses, the data properties will be

carefully inspected through descriptive statistics, and any
unusual features that may be influential will be systematically
identified for all the variables. All analyses will be carried out
according to the intention-to-treat rule consistent with
standard practice in most clinical trials. To examine the
baseline differences, the study team will also perform prelim-
inary analyses to compare across three treatment conditions on
descriptive and clinical characteristics at baseline. When the
study team identifies variables that differentiate treatment
groups, it will be necessary to include the variables as
covariates in the analytical models or to use statistical
adjustment models such as the propensity score method
[65,66] to remove effects of potential confounding. It will also
be statistically useful to include covariates that explain
outcome variance and do not differentiate between groups,
since such variables increase statistical power.

We will perform separate univariate and repeated measures
analyses at each assessment to carefully examine relationships
within the cross-sectional data. We will then conduct repeated
measures analyses of profiles across time. Comparison of group
means on continuous scales will be done using the family
of statistical techniques based on the generalized linear model
(e.g., ANOVA/ANCOVA, regression analysis, t-test). The CER study
design, performed at each major assessment point, will be a 3
(study groups) × 2 (care practices) factorial analysis of covari-
ance. Evaluation of program effects at each follow-up will follow
this factorial design. Longitudinal (repeated measures) analyses
of continuous scales will be done using 3 (treatment) × 2
(clinic) × 4 (wave) (i.e., baseline, 6, 12, and 18 months)
repeated measures designs. The general linear mixed model
with repeatedmeasures (SAS PROCMIXED)will be used for both
program evaluation analyses involving four data waves and the
longitudinal analyses of continuous outcome variables. For
dichotomized outcomes, the SAS GLIMMIX procedure will be
used.

2.7.4. Cost-effectiveness analysis
In moving to CER-based assessment of medical interven-

tions, cost-effectiveness evaluations become increasingly
relevant [67]. We will examine the net effect of the
intervention on health care costs, including patient time
costs. Costs to health care services and pharmaceuticals will
Please cite this article as: Wu S, et al, Technology-facilitated depres
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be valued using average prices for allowed claims paid by
Medicare. Patient time will be valued at the average wage for
workers matched for ethnicity, gender, age, and educational
level from the Current Population Survey. We will use
alternative measures of effectiveness, not quality-adjusted life
years due to small sample, in conducting our economic
evaluation of the intervention. We will assess patients' employ-
ment status at each follow-up interview, to assess the effects of
the intervention on this important outcome.Wewill use patient
survey data regarding depression symptoms to calculate
“depression-free days” during the study period, and gauge the
cost per depression-free day. However, thismeasuremay not be
likely to fully capture all the effects of the intervention on
patients' health, particularly given our focus on diabetes. For this
reason, and for broader conceptual reasons, we will also
combine several of the patient-reported scales into a measure
of health-related quality of life (HRQOL) using structural
equationsmodels with unobservable HRQOL as a latent variable
in a Multiple-Indicators Multiple Causes framework [68]. In this
approach, all structural measures of patient health status
including functional status and quality of life measures will be
used as health status indicators, while patient clinical environ-
mental, and background characteristics will serve as causal
factors in explaining health status changes. We will compute
confidence intervals for the cost-effectiveness ratios using
bootstrapping and develop Cost Effectiveness Acceptance
Curves [69]. As an alternative, we will also examine the net
health benefit approach suggested by Stinnett andMullahy [70].

2.7.5. Qualitative data analysis
A trained, bilingual transcriber will transcribe qualitative

provider interviews after all identifiers have been removed.
The study team will analyze interview transcripts using a
methodology of “Coding Consensus, Co-occurrence, and
Comparison” [71] (which is rooted in grounded theory) and
assisted by a web-based qualitative analysis software.
Disagreements in assignment or description of codes will be
resolved through discussion between investigators and
enhanced definition of codes. The final list of codes,
constructed through consensus, will consist of a numbered
list of themes, issues, accounts of behaviors, and opinions
that relate to socio-cultural, organizational, and system
characteristics that influence service delivery to clients.
Through the process of coding interview transcripts and
comparing assigned categories with each other, the different
categories will be further condensed into broad themes using
a format that places technology and adoption of depression
evidence within the framework of the clinic's organizational
and systems characteristics.

2.8. Study limitations

A possible limitation of this study is that the trial is
conducted across eight DHS clinics, which may vary with
respect to provider training participation, patient access,
provider care modeling, and clinic neighborhood community.
A second potential limitation is the focus on a predominantly
Hispanic population. A third limitation is the observational
study nature of the quasi-experimental trial design thatmay be
biased by unequal patient covariates between study groups.
sion care management among predominantly Latino diabetes
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3. Results

Study participants are predominantly Hispanic/Latino (89%),
married (55%), female (63%), and foreign born (87%) (Table 1).
Most of the patients are from Mexico (840; 60%), El Salvador
(172; 12%), and Guatemala (104; 7%); have been in the United
States for 10 years or longer (94% of immigrants)' speak Spanish
as their preferred language (83%); did not complete high school
(70%); and are an average age of 53 years (SD = 9). Age at
onset of diabetes ranged from 11 to 76 years (mode = 40,
M = 43, SD = 10). At baseline, 50% of participants were on
insulin, and 70% of patients self-reported having ≥1 diabetes
complications. Nearly 60% reported a BMI ≥ 30 kg/m2, and 77%
self-reported ≥1 comorbid medical conditions. Study partici-
pants reported significant financial stress at baseline: two-thirds
were unemployed, nearly all (92%) had no money left over at
the end of the month, and 70% had difficulty paying bills.

At 6 months before the trial, 165 (12%) study participants
were listed in the DHS registry with the standard ICD-9 code
MDD = 311, with 90 (55%) of these patients having
purchased AM at a study clinic pharmacy. In contrast, at
study baseline assessment, more than 28% of the 1406 study
patients had a PHQ-9 score equal to 10 or more, and 112 (8%)
had PHQ-9 scores of 8 or 9. For these patients, pharmacy
pick-up records identified that 77 (19%) baseline depressed
patients and 79 (8%) baseline nondepressed patients had AM
dispensed at 6 months pre-baseline. At the baseline inter-
view, 84 (21%) of the depressed and 45 (4%) of the
nondepressed patients reported taking AM.

More than 90% of the study patients had at minimum one
A1C lab test done during the 6 months before baseline (lipid
panel test, 81%; micro-albumin test, 60%). However, only 14%
Table 1
DCAT study sample.

Participants
N = 1406

Female 892 (63%)
Age 53.27 ± 9.24
Hispanic/Latino 1254 (89%)
Foreign born 1227 (87%)

Years living in the U.S. 25.12 ± 10.16
Preferred language Spanish 1163 (83%)
Less than high school education 977 (70%)
Unemployed 944 (67%)
Married 772 (55%)
PHQ-9 severity, score

Minimal, 0–4 650 (46%)
Mild, 5–9 357 (25%)
Moderate, 10–14 221 (16%)
Moderately severe, 15–19 122 (9%)
Severe, 20–27 56 (4%)

Dysthymia 256 (18%)
SCL-20 mean score (possible range 0 to 4) 0.58 ± 0.64
Time with diabetes, years 10.14 ± 7.69
Family history of diabetes 1064 (76%)
Charlson comorbidity index score

0 1135 (81%)
1 131 (9%)
2 105 (7%)
3 or greater 35 (2%)

Note. Values are numbers (percentages) for categorical variables or mean ± SD
for continuous variables.
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had met the A1C goal of less than 7%, and 70% of patients had
poorly controlled diabetes with A1C ≥ 8% (A1C average for
the study participants is 9.25%).

Table 2 presents baseline data among the three study
groups. There were no significant differences in PHQ-9
depression or BSI anxiety symptoms, self-rated health, or
Sheehan Disability Scale ratings across the three study groups.
Other demographic and diabetes variables varied significantly
across study groups. This was anticipated given that in the
quasi-experimental DCAT design, pre-treatment differences
are more common than those expected from randomized
experimental design. To control for pre-treatment differences
in study outcome analyses, the study team will use propensity
scores to evaluate post-treatment outcomes. Propensity score
is the conditional probability for a participant to be in a specific
treatment condition given pre-treatment characteristics. Pro-
pensity scoring has been frequently applied in observational
studies to adjust for bias on pre-treatment variables [65,66].

4. Discussion

DCAT has successfully recruited over 1400 patients with
diabetes who have high rates of poorly controlled diabetes,
clinically significant depression, or both. The study has also
engaged eight DHS clinics, provided online depression care
management training for study physicians, nurses, and social
workers, facilitated the development of a depression care
protocol, and developed ATA patient monitoring telephone
calls (in Spanish and English) and patient–provider/provider–
provider communication technology applications. In addition,
DCAT facilitates – via an automated call every 3 months to TC
group patients who were not depressed at baseline – routine
depression symptom identification and care activation (when
indicated) for multiple provider teams. The automated system
simplifies depression screening by activating provider treat-
ment when indicated and enhancing understanding of depres-
sion onset-related factors over time. Cost analyses will be
conducted at completion of the study.

The importance of the DCAT study is two-fold: it focuses
on an underserved population in the second largest U.S.
safety net health system, and it aims to reduce disparities in
depression care. DHS serves more than 800,000 low-income,
predominately Hispanic/Latino patients. DHS has begun
implementing a provider-empaneled Patient-Centered Med-
ical Home (PCMH) model [72] in which each patient has a
designated primary care team composed of physician or
nurse practitioner, nurses, medical assistant, and, in some
clinics, social workers. Movement toward the PCMH model is
consistent with a recently released Institute of Medicine [73]
report that underscores the need for a PCMH path toward
health equity by providing care that does not vary in quality
based on patient sex, race/ethnicity, socioeconomic status, or
geographic location.

The DCAT study design is consistent with the need to
increase collaborative academic and community-stakeholder
care system research teams to improve safety net care primary
care, reduce disparities and barriers to patient engagement,
and address cost concerns. DCAT simultaneously aims to
address patient self-management need, health literacy limita-
tions, care preferences, and uptake, while simultaneously
improving patient–provider care management relationships
sion care management among predominantly Latino diabetes
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Table 2
Baseline data comparisons between study groups.

UC SC TC p-valuec

Na Statisticsb Na Statisticsb Na Statisticsb

Demographics
Female 484 334 (69%) 480 285 (59%) 442 273 (62%) 0.01
Age 484 55.05 (9.27) 480 52.09 (9.25) 442 52.59 (8.90) b .0001
Hispanic/Latino 482 454 (94%) 480 400 (83%) 441 400 (91%) b .0001

Diabetes characteristics
A1C value 383 8.37 (1.91) 473 9.59 (2.21) 420 9.69 (1.94) b .0001
On insulin treatment 484 132 (27%) 480 322 (67%) 442 288 (65%) b .0001
BMI (body mass index) 476 32.40 (7.00) 470 32.66 (7.63) 439 33.16 (7.18) 0.28
Whitty-9 diabetes symptoms (range 1–5; 1 = none, 5 = every day) 484 1.67 (0.62) 480 1.72 (0.65) 442 1.56 (0.53) 0.0003
Toolbert diabetes self-care in the past 7 days (range 0–7) 484 4.00 (1.34) 480 4.75 (1.24) 442 4.23 (1.24) b .0001

Depression and anxiety
PHQ-9 score 10 or greater 484 137 (28%) 480 146 (30%) 442 116 (26%) 0.37
PHQ-9 total score (possible range 0–27) 484 6.67 (5.50) 480 6.93 (6.49) 442 6.37 (5.95) 0.37
SCL-20 mean score (possible range 0–4) 484 0.56 (0.56) 480 0.64 (0.75) 442 0.52 (0.59) 0.02
BSI anxiety score (possible score 0–24) 484 1.35 (2.97) 480 1.30 (3.25) 442 0.97 (2.69) 0.12
SF-12 emotional (general population = 50, higher = better health) 481 50.05 (12.17) 479 49.03 (14.39) 442 50.49 (12.39) 0.21

Physical conditions
Self-rated health (range 1–5; 1 = poor, 5 = excellent) 484 2.30 (0.81) 480 2.33 (0.85) 442 2.26 (0.82) 0.45
Sheehan disability scale (range 0–10; 0 = none, 10 = extremely) 483 2.24 (2.83) 480 2.13 (3.02) 442 2.04 (2.86) 0.57

Abbreviation: UC = usual care, SC = supported care; TC = technology-facilitated care; PHQ-9 = Patient Health Questionnaire-9; SCL-20 = 20-item Symptom
Checklist; BSI = Brief Symptom Inventory; SF-12 = Short-Form Health Survey.

a Number of respondents.
b Values are numbers (percentages) for categorical variables; mean (SD) for continuous variables.
c Chi-square test for categorical variables; ANOVA F-test for continuous variables.
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and communication. For example, the automated calls invite
patients to request a provider call back, and the system informs
the requested provider of the patient request. DCAT also
manages outcome data collected electronically from the calls
and provided via the shared multi-provider registry, particu-
larly with respect to patient-expressed self-harm.

DCAT is consistent with the Chronic Care Model [74] in
which patient-centered need, health care provider delivery,
and patient outcomes are a product of patient–provider
interaction and six health care process components (delivery
system design, patient self-management support, community
resource linkages, provider team and decision support, shared
clinical information system, and health system organization).
DCAT facilitates collaborative, equitable involvement of its
partners in all study phases: DHS ACN R&I and academic team
members meet regularly with clinic care team staff to focus on
the decision-making process at each stage of the study,
including problem definition and issue selection, research
design, study implementation, results interpretation, and
determining how the results should be used for action.
Members of the research team also interact with clinic medical
directors, nurses, and social workers to address provider
concerns and questions. In light of high patient loads and
increasing time constraints, this interaction has led to
increased provider interest in and support of the DCAT study
aims. The collaborative team designed, implemented, and
provided ongoing follow-up during the course of the study
and has begun conducting provider studies.

The DCAT study strives to ensure that its processes are
both scalable and sustainable. During the course of the study,
lessons have been learned from ongoing solicited feedback
from stakeholder patients and providers. These lessons are
Please cite this article as: Wu S, et al, Technology-facilitated depres
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reflected in updates to and changes in both the intervention
and the technology to maximize potential uptake in Los
Angeles County's large safety net care system. The study also
uses a cyclical and iterative process. An example is the
development of the cascade of alerts to providers who are
responsible for responding to patient self-harm or suicidal
ideation warnings. The suicide alert function and designated
emergency response team were developed in response to
primary care providers' requests because of their concerns of
patient safety and their own capacity to respond to the alerts.
Moreover, this technology is responsive to tenets of the
patient-centric care model and is adaptable in that patients
can specify convenient times to receive the automated calls
and reschedule the calls if they arrive at inconvenient times.
DCAT contributes important insights about patient-centered
technology-assisted approaches to improve patient–provider
and cross-provider care management.

In conclusion, the DCAT automated care management
technology addresses major barriers to adoption of evidence-
based depression care with low-income minority patients in
safety net primary care settings. The system is designed to use
automated, periodic telephonic assessments and behavioral
prompting to incorporate depression management into the
care of patients with diabetes. The technology is customizable
and flexible in its configuration to meet individual patient
needs, preferences, and treatment history. The patient assess-
ment system is fully integrated with the DHS DMR to facilitate
team-care workflow. The technology-facilitated depression
care management approach has the potential to be a cost-
effective alternative to meet the needs of underserved
populations. Using a CER design, DCAT will shed light on
the acceptance and effectiveness of using automated care
sion care management among predominantly Latino diabetes
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management technology as a vehicle to facilitating collabo-
rative depression care and improving outcomes for safety
net patients.
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