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Abstract

Objectives

Heart Failure is a chronic syndrome affecting over 5.7 million in the US and 26 million adults

worldwide with nearly 50% experiencing depressive symptoms. The objective of the study is

to compare the effects of two evidence-based treatment options for adult patients with

depression and advanced heart failure, on depressive symptom severity, physical and men-

tal health related quality of life (HRQoL), heart-failure specific quality of life, caregiver bur-

den, morbidity, and mortality at 3, 6 and 12-months.

Methods

Trial design. Pragmatic, randomized, comparative effectiveness trial.

Interventions. The treatment interventions are: (1) Behavioral Activation (BA), a patient-

centered psychotherapy which emphasizes engagement in enjoyable and valued personal-

ized activities as selected by the patient; or (2) Antidepressant Medication Management

administered using the collaborative care model (MEDS).

Participants. Adults aged 18 and over with advanced heart failure (defined as New York

Heart Association (NYHA) Class II, III, and IV) and depression (defined as a score of 10 or

above on the PHQ-9 and confirmed by the MINI International Neuropsychiatric Interview for

the DSM-5) selected from all patients at Cedars-Sinai Medical Center who are admitted with

heart failure and all patients presenting to the outpatient programs of the Smidt Heart Insti-

tute at Cedars-Sinai Medical Center. We plan to randomize 416 patients to BA or MEDS,

with an estimated 28% loss to follow-up/inability to collect follow-up data. Thus, we plan to
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include 150 in each group for a total of 300 participants from which data after randomization

will be collected and analyzed.

Conclusions

The current trial is the first to compare the impact of BA and MEDS on depressive symp-

toms, quality of life, caregiver burden, morbidity, and mortality in patients with depression

and advanced heart failure. The trial will provide novel results that will be disseminated and

implemented into a wide range of current practice settings.

Registration

ClinicalTrials.Gov Identifier: NCT03688100.

Introduction

Among patients with heart failure, depressive symptoms are prevalent and consequential [1].

The American Heart Association (AHA) and American Psychiatric Association (APA) recom-

mend routine screening for depression among patients with cardiovascular disease in office,

hospital, and rehabilitation practices, with positive screens driving assessment, referral, and

treatment. For patients with depression and heart disease, both antidepressant medications

and psychotherapeutic options are effective interventions for improving depressive symptoms.

However, these interventions have never been compared with each other in the context of

heart failure. Patients and physicians considering antidepressant medications, psychotherapy,

or their combination, do not have robust evidence to inform their decisions.

The goal of the proposed research is to generate scientific evidence to help patients, caregiv-

ers, and providers make decisions about how best to manage depressive symptoms for those

who have advanced heart failure (AHF). This real-world randomized pragmatic trial funded

by the Patient Centered Outcomes Research Institute (PCORI) will compare the effectiveness

of two evidence-based treatment approaches for treating depression: (1) Behavioral Activation

(BA), a patient-centered psychotherapy that emphasizes engagement in enjoyable and valued

personalized activities selected by the patient [2]; (2) Antidepressant Medication Management

using the collaborative care model (MEDS).

The BA and MEDS intervention were designed to be provided via telehealth (either by tele-

phone or by video call–depending on the patient’s preference). Telehealth delivery of treatments

for heart failure patients is important because heart failure patients have a significant burden of

illness that prevents them from making regular in-person clinic visits for therapy or medication

supervision. Thus, telehealth delivery saves time, effort, overcomes access barriers to treatment,

and improves compliance. BA and MEDS have distinct tradeoffs: BA involves a high time com-

mitment with no risk for pharmacological side effects, whereas MEDS involves less time com-

mitment, but carries the additional risk of side effects and potential drug interactions.

The proposed research will examine the impact of these treatment approaches on the fol-

lowing outcomes that patients and caregivers have identified as most important or advanta-

geous: depressive symptom reduction, general physical and mental health-related quality of

life (HRQoL), heart failure-specific HRQoL, and caregiver burden. We will also examine out-

comes that patients and caregivers have identified as concerns: morbidity, as evidenced by fre-

quent emergency department (ED) visits; hospital readmissions, longer hospital stays, and

mortality. All patient/caregiver-centered outcomes will be collected at regular time intervals
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over the course of 12 months. The proposed study will offer clinicians specific, actionable

information on how BA or MEDS, both widely used and effective interventions, perform in

AHF where depressive symptoms are exceedingly common.

Background

Depression is an important health concern, yet, it is largely under recognized and treated

among patients with heart failure [3]. Approximately half of patients with heart failure experi-

ence depressive symptoms [4–6], and only half of those who are diagnosed with depression

will receive treatment for depression [7]. Depression and AHF have bidirectional effects

through both biological and psychosocial mechanisms [8–11]. Patients with AHF and co-mor-

bid depression experience worse cardiac functioning [12], lower performance on stress tests

[13], reduced ratings on quality of life measures [14], increases in caregiver burden [15, 16],

and higher rates of ED [17, 18], and hospital use [19]. Depression severity appears to be a

stronger predictor of poor HRQoL than severity of heart failure [20]. Increased severity of

depressive symptoms increases risk for functional decline or death at six months among heart

failure patients [21]. In a large study of outpatients with AHF, depression was found to be an

independent risk factor for mortality after adjusting for confounders [22].

BA is a patient-centered and personalized psychotherapy treatment that is evidence-based

as shown in more than 25 randomized clinical trials [23]. It is well-established and effective in

treating depression [24], with effects comparable to cognitive behavioral therapy (CBT) and

antidepressant medication [23–26]. In contrast to CBT, BA requires a less time of training for

effective delivery, can be delivered by a broader range of health care workers, and has overall

lower implementation barriers [23]. Thus, BA therapy is a promising psychotherapeutic

approach for patients with heart failure [27], and could potentially be beneficial for their care-

givers as well [28].

Antidepressants are well established for treating depression in patients with advanced med-

ical illness [29]. Even though there is compelling evidence that antidepressants work, many

patients do not receive antidepressants, largely due to the absence of a model for medication

management, rather than the knowledge of which specific antidepressant is best. The collabo-

rative care model has been used effectively to implement antidepressant medication manage-

ment in AHF [30]. The impact of treating patients with AHF and co-morbid depression (using

psychotherapy or pharmacotherapy) on general physical and mental HRQoL, heart failure spe-

cific HRQoL, caregiver burden, morbidity, and mortality, is largely unknown. When patients

with depression are treated using the collaborative care model [31, 32], research has shown

that patients respond better than usual care to antidepressants as evidenced by lower depres-

sion severity, less functional impairment and greater HRQoL at 3, 6 and 12-months follow-up

[33]. The collaborative care model has been successfully implemented among depressed inpa-

tients with acute cardiac disease [34–36].

Although the AHA recommends screening for depression, there are no formal guidelines

on depressive symptom management in AHF, and there is a lack of consensus on how to best

manage them. Existing antidepressant trials have not measured long-term effects and stopped

at 12-week follow-up [37]. Larger and more robust randomized controlled trials (RCTs) are

needed to evaluate the longitudinal effects interventions have on patients with AHF and

depression [1]. There are no trials comparing BA to antidepressants or to their combination

for patients with AHF and depression. There are few trials of head-to-head comparisons

between pharmacological and psychotherapeutic interventions in depressive symptom treat-

ment in cardiovascular disease [38] and none included comparing the above interventions in

patients with AHF.
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We present a protocol for a pragmatic, randomized, comparative effectiveness study com-

paring the effects of two evidence-based treatments for depression in heart failure: behavioral

activation and antidepressant medication management using the collaborative care model.

Furthermore, because inactivity is a symptom that is common in both depression and heart

failure [7], we hypothesize that, participants receiving BA will have significantly greater

improvements in depressive symptom severity, general, physical, and mental health related

quality of life, heart failure specific quality of life, and caregiver burden at 3, 6 and 12 months.

Furthermore, we hypothesize that those receiving BA will have significantly less morbidity and

reduced mortality at 3, 6 and 12 months.

The conceptual framework of the study is depicted below (Fig 1).

Methods

Study design

The Cedars-Sinai Institutional Review Board (CS-IRB) approved this study (Pro00054483).

Informed consent for all research participants will be obtained via a written consent form.

Fig 1. Conceptual framework.

https://doi.org/10.1371/journal.pone.0244453.g001
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This is an individual, pragmatic, randomized, comparative effectiveness trial comparing two

treatment arms for depressive symptom management in patients with AHF. A total of 416

patients will be randomized (in order to have 300 for analysis assuming a 28% estimated drop-

out rate) 1:1 using block randomization to two active treatment arms: BA and MEDS (150

patients in each treatment arm). An Intention-to-treat method will be used to preserve the

notion of “as randomized, so analyzed”. As a secondary analysis, per-protocol effects will be

estimated adjusting by post-randomization confounding and dose effects. Additionally, in

order to ensure the study is pragmatic in its design, the study includes, as part of its leadership

structure, a stakeholder-academic partnered advisory group, which consists of three consul-

tants (two physicians who are academic experts in community participatory research, and a

psychotherapy expert), patient representatives, caregivers of patients with advanced heart fail-

ure, and professionals from multidisciplinary fields related to mental health and cardiology.

The stakeholder group has reviewed all main aspects of the design, the recruitment plan, inter-

vention plans, and measures; has provided feedback to inform the design, and, in the early

phases, implementation strategies and adaptations, to assure scientific and stakeholder rele-

vance. The advisory group will continue to help monitor study progress, findings, and inter-

pretation as well as facilitate dissemination of the findings.

Study population

The study population includes adults (aged 18 and over) with AHF and depression recruited

from among the inpatient and outpatient populations of Cedars-Sinai, an 886-bed academic

medical center located in Los Angeles. We plan to recruit a total of 416 participants to be ran-

domized to either BA or MEDS. We estimate a 28% loss to follow-up/inability to collect fol-

low-up data based on previous related efforts [39]. Data from 150 patients in each group after

randomization will be analyzed as shown in the CONSORT flow diagram (Fig 2).

Inclusion criteria. Patients with AHF (as defined by New York Heart Association Classes

II-IV) selected from patients admitted to the inpatient hospital at Cedars-Sinai Medical Center

as well as from heart failure patients presenting to the outpatient programs of the Cedars-Sinai

Smidt Heart Institute; with a life expectancy of greater than 6 months at enrollment; as well as

depression as evidenced by a score of ten or greater on the nine item Patient Health Question-

naire (PHQ-9) [40] and confirmed by a diagnosis of Major Depressive Disorder, Persistent

Depressive Disorder (Dysthymia), and Depressive Disorder Unspecified, as defined by the

Mini International Neuropsychiatric Interview (MINI) 7.02 [41].

Exclusion criteria. Imminent danger to oneself or to others, cognitive impairments as evi-

denced by a Montreal Cognitive Assessment (MOCA) score of less than 23 [42], bipolar, psy-

chotic, and substance induced disorders as evidenced by the MINI 7.02, and patients in active

treatment of depression who are already receiving antidepressants, psychotherapy, or both, as

well as an inability to communicate in English.

Primary outcome

The primary outcome is change in depressive symptom severity at 6 months from baseline as

measured by the PHQ-9.

Secondary outcomes

The secondary outcomes measured at 3, 6 and 12 months are: general, physical and mental

health related quality of life, heart failure-specific quality of life, caregiver burden, morbidity,

and mortality. Measures of adherence to assigned treatment will be collected for both arms by

self-report and documentation of completed visits.
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Interventions

Behavioral Activation psychotherapy (BA). For patients assigned to the BA arm of the

study, we will adapt the Brief Behavioral Activation Treatment for Depression (BATD),

Revised Treatment Manual (BATD-R) [43]. This evidence-based, manualized treatment for

depression is based on the theory that people with depression tend to stop engaging in enjoy-

able or meaningful activity, thus leading to a vicious downward spiral of reduced activity and

worsening depressed mood. The strategy behind the treatment is to help depressed patients

restore pleasurable and meaningful activity into their lives even while they are still suffering

from depression. In so doing, patients can reverse the vicious cycle of anhedonia and

depressed mood, enabling them to experience reductions in depressive symptoms and

improvements in mood.

The original BATD-R manual was designed to be delivered over the course of ten weekly

sessions. We will expand the treatment to include 12 weekly sessions, as well as three monthly

follow-up sessions over three consecutive months. Ten psychotherapists will provide the BA

treatment to patients. Eight of the therapists are licensed clinical social workers. Two therapists

have Master of Social Work degrees but are not yet licensed. Patients will be told that the treat-

ment will be provided remotely and that they can speak with their therapists by telephone or

via a HIPAA compliant, secured video-conferencing platform (i.e., Webex). When patients

have to be hospitalized due to acute health problems, their therapists will provide bedside

treatment to patients in the hospital when feasible.

Therapists will be monitored and supervised by a licensed clinical psychologist and co-

investigator of the study. The psychologist will provide all therapists with an initial two-hour

Fig 2. The CONSORT flow diagram.

https://doi.org/10.1371/journal.pone.0244453.g002
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training in the BATD-R manual as well as weekly supervision during which therapists can dis-

cuss their individual cases. Weekly supervision is intended to ensure consistent and reliable

delivery of the BA treatment and to prevent therapist drift. With patient consent, the psycholo-

gist will listen in on at least one BA session provided by each therapist as a further check on

fidelity to the manual. BA Therapists use the following tools to document between session goal

assignment and completion as well as patient engagement in BA psychotherapy: (1) BA Patient

Tracking Log where BA therapists document patients’ assigned activities from week to week,

including the following week, and document the completed goals; (2) BA Survey where BA

therapists keep track of patients’ engagement by having the therapists answer questions about

number of sessions completed, whether the patient appears to understand, actually use and

apply the treatment concepts in his/her life, and actually engage in the planned activities

including new activities beyond their usual, in addition to questions about potential challenges

and obstacles to engaging in BA therapy.

Therapists will introduce themselves to their patients by phone or Webex, or in person

when patients are hospitalized. Patients will be provided with a booklet of worksheets and told

they will use these worksheets as part of the treatment. Therapists will try contacting their

patients on a weekly basis and delivering as many of the 12 sessions of the BA treatment as pos-

sible over the 12-week intervention period. The length of sessions vary depending on the indi-

vidual patient, and therapists never allow sessions to exceed 50 minutes. Patients will be

informed that engaging in weekly assignments between sessions is a critical component of the

treatment and essential to its overall success in helping patients overcome depression.

Session 1 of the treatment provides patients with psychoeducation about depression and

the rationale for why BA could potentially help them counteract depression. Patients are given

the assignment of writing down how they spend their time each day on a Daily Monitoring

Form and rating the enjoyment and importance of each activity on a 0–10 rating scale.

In session 2, therapists review the Daily Monitoring Forms and discuss any problems or

obstacles the patients face in completing this task. Therapists use troubleshooting strategies if

patients have trouble completing the forms. Therapists then introduce and discuss the Life

Areas, Values and Activities Form to patients. Patients are asked to identify and explore five

areas of their lives: (1) relationships, (2) education/career/volunteering, (3) recreation and

interests, (4) mind/body/spirituality, and (5) daily responsibilities. Through interactive dia-

logue, therapists help patients articulate their values in each of the five life areas (for example,

“being a loving parent” in the relationship area, or “being creative” in the recreation/interest

life area). From their identified values, patients are asked to identify specific activities that rep-

resent expressions of their values in each of these areas. Patients will continue to track their

current activities for the coming week on the Daily Monitoring Forms.

In sessions 3 and 4, therapists continue to help patients define and refine their values and

the specific activities linked to their values which they would find enjoyable and important.

Therapists help patients develop a list of 15 activities from which to choose and schedule for

the coming weeks. Patients are encouraged to include activities in all five life areas, on the the-

ory that the more activities they plan in different life areas, the more likely the odds of reducing

depression. Patients are encouraged to select activities that are observable and measurable, and

to break activities down into their smallest parts. Patients rank their proposed 15 activities

from the least to the most difficult on the Activities Selection and Ranking Form. Patients then

use the Daily Monitoring Form to plan the activities they are to engage in during the coming

weeks. As each week passes, patients are encouraged to engage in their scheduled activities and

to rate their level of enjoyment and importance for each activity.

Sessions 5 and 6 introduce patients to the concept that patients do not have to pursue all

activities alone. They could enlist other people in their social support system to help them
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engage in valued activities. Patients are shown the Contracts Form and encouraged to name

people who could help them engage in activities. Patients continue to report what activities

they engaged in during the previous week, what obstacles and problems they faced pursuing

their activities, and what activities they planned for the coming week.

In sessions 7 through 9, therapists continue to review with patients the previous week’s

activities, their ratings of enjoyment and importance for each activity, and their planned activi-

ties for the coming week. In addition, therapists review each of the concepts and principles

from the earlier sessions, including the concept of the five life domains, their values in each

area, and the activities linked to their values. Therapists review the idea of selecting and rank-

ing different activities, using them to plan and schedule activities for the coming week, and

soliciting the help of other people to engage in valued and enjoyable activities.

In sessions 10 through 12, patients continue to report on the previous week’s scheduled

activities, their enjoyment and importance, any obstacles getting in the way, and their planned

activities for the coming week. With session 12 being the last weekly session, therapists explain

that their next contact with the patient is going to be three consecutive monthly sessions.

Patients are encouraged to continue scheduling and engaging in enjoyable and meaningful

activities on their own. At each of the three follow-up sessions, patients report their activities

and any problems they encounter. At the third and last follow-up session, patients are encour-

aged to continue engaging in activities on their own. Patients are also told that they are wel-

come to contact their therapist on an as-needed basis if they run into obstacles and feel that

they need additional coaching to continue engaging in valued and enjoyable activities.

Antidepressant Medication Management (MEDS). The MEDS intervention is delivered

remotely using the evidence-based collaborative care model for depressed adults [33], using a

care manager (a social worker or registered nurse) whose role is to meet with the patient in a

one 50-minute introductory antidepressant medication treatment session, to educate the

patient about depression and medication options and collect information on the patient/care-

giver preferences/input. The care manager will then coordinate the collaboration and commu-

nication between the psychiatrist and the treating physician, resulting in starting the patient

on antidepressant medication by the treating physician according the CCM guidelines [33]

and study protocol antidepressant medication guidelines detailed in Table 1.

The care manager then contacts the patient via weekly telephone calls for 12 weeks, and

then monthly for three months. The MEDS intervention is designed to be delivered by tele-

phone because patients with heart failure have a significant burden of illness that prevents

them from making regular clinic visits for antidepressant supervision. During each telephone

call, the care manager will encourage patients to adhere to the antidepressant medication treat-

ment, will track the patient’s progress or lack thereof, and will inform the treating physician

and the psychiatrist regarding the patient’s condition. The psychiatrist will be available for

direct consultation for patients who are not progressing, or who are experiencing adverse

effects. Antidepressant medications from any class may be selected as long as the patient is

maintained on the therapeutic dose according to the APA guidelines, and patient/caregiver

input is always taken into account in order to personalize the MEDS intervention. After six

months, patients are invited to call the care manager as needed.

The treatment content for each intervention over time is shown below (Fig 3).

Sample size

The main hypothesis to be tested is whether PHQ-9 at 6 months is different between arms (BA

vs MEDS). The standard deviation for PHQ-9 was estimated equal to 5.42 based on previous

literature [23] using the 95% confidence interval width asymptotic formulae for the difference
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between two groups, assuming equal variances. We also assumed that a minimal detectable

standardized mean difference (mean difference/pooled standard deviation) for PHQ-9

between arms (BA and MEDS) is equal to 0.42 [23], which corresponds to a minimal detect-

able mean difference of 2.27 in PHQ-9 score units based on the estimated standard deviation.

Under these assumptions, the required sample size for each group is 90 (Total = 180) patients

using two-sided two sample equal-variance t-test with 80% power and a 5% significance level.

We argue that 2.27 PHQ-9 score units is a clinical meaningful difference because Richards

et al. (2016) [25] uses 1.9 in PHQ-9 score units as equivalence margin for their non-inferiority

trial between CBT and BA. Since we expanded our recruitment to the outpatient programs, we

expanded the sample size beyond the power calculation to 150 for each group (Total = 300

patients) to bring the study size close to equivalent heart failure studies and enable subgroup

analyses. We estimate a dropout rate of 28%. Therefore, we plan on enrolling 416 patients

(15% of to be approached eligible patients) in order to achieve a sample size of 300 patients for

data analysis.

Table 1. Recommendations for antidepressant medications for patients with HF.

Order Medication Side effects (rare/overdose cases)� Interacting Agents

common to HF

Clinical Effect and

Monitoring

Recommended Medication

and Dose

1st

line

SSRIs (sertraline,

paroxetine, fluoxetine)

Sexual dysfunction, GI: decreased appetite, nausea,

diarrhea, constipation, dry mouth. CNS: insomnia,

sedation, agitation, tremors, headache, dizziness

NSAIDS, oral

anticoagulants,

antiplatelets

Diuretics

Clonidine

Increased risk for

bleeding

Hyponatremia

Hypothermia,

sedation

Sertraline (50 mg/day)

2nd

line

Dopaminergic and

norepinephrine agents

(bupropion)

Dry mouth, GI: constipation, nausea. CNS:

insomnia, dizziness, headache, agitation, anxiety.

Weight loss, anorexia, myalgia, tremor, sweating,

rash, hypertension

Clonidine

Warfarin

Hypothermia,

sedation

Increased

international

normalized ratio

Recommended in HF

patients with high BMI

OR

hypotension

2nd

line

Noradrenergic and

serotonergic agents

(mirtazapine)

Flulike symptoms, changes in urinary symptoms,

weight gain, GI: decreased appetite, nausea,

diarrhea, constipation, dry mouth, CNS: sedation,

confusion. Hypotension�

Clonidine

Warfarin

Hypothermia,

sedation

Increased

international

normalized ratio

Recommended in HF

patients with low BMI

OR

Hypertension

OR

If patient is unresponsive to

SSRIs or DNRIs

3rd

line

SNRI (venlafaxine,

duloxetine)

Sexual dysfunction, GI: decreased appetite, nausea,

diarrhea, constipation, dry mouth. CNS: insomnia,

sedation, headache. Hyponatremia, hypertension

NSAIDS, oral

anticoagulants,

antiplatelets

Increased risk for

bleeding

Use if patient was

unresponsive to SSRI,

DNRI or mirtazapine

X TCAs Orthostatic hypotension, tachycardia, QT

prolongation, weight gain

Not recommended for HF

patients

X MAOIs Orthostatic hypotension, hypertension, bradycardia,

weight gain

Not recommended for HF

patients

1. Start medication according to guideline and conversation between primary care provider, patient, and caregiver (12 weeks)

2. If side effects occur:

Consider drug-drug interactions:

a. serotonin syndrome: antidepressants, opioids, stimulants, 5-HT1 agonists, herbs, mood stabilizers, antipsychotics, antiemetics (ondansetron,

metoclopramide), antibiotics (linezolid)

b. QTc Prolongation: SSRIs, antipsychotics, opioids, macrolides, fluoroquinolones, antiarrhythmics

3. Stop medication if side effects persist (10–14 days) after starting use, except sexual dysfunction

4. Refer to PI/Co-I in the event of:

a. refractory mood symptoms

b. development of psychotic or manic symptoms

c. suicidal ideation
�following will be reported to the Data & Safety Monitoring Board (DSMB)
�PI/Co-I will be available after hours and patients will be given a 24-hour number to on-call Psychiatrist

https://doi.org/10.1371/journal.pone.0244453.t001
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Randomization procedure

Randomization will be performed through the REDCap (Research Electronic Data Capture)

system [44]. REDCap will incorporate allocation tables generated in R [45]. Study participants

will be randomized 1:1 using block randomization to the two treatment arms of the study. We

will use central allocation to prevent participants, investigators, and treating clinicians from

foreseeing assignment. The study design does not permit blinding of participants to the treat-

ment received. Lack of blinding creates a possibility of a placebo effect, particularly for depres-

sion. For this reason, secondary analyses will include measures that are less likely to be subject

to a placebo effect, such as hospital readmission.

Study procedures

The research coordinator will screen potential outpatients from the Cedars-Sinai heart failure

registry, as well as through the Deep-6 Cohort Builder–IRB-approved artificial intelligence

software for identifying eligible patients who have visited the medical center at any point in

time–and will schedule patients with a study investigator or research nurse for the baseline

visit delivered either in-person or by telephone. Inpatients will be approached directly by a

research nurse or study investigator. Patients will be asked if they have a caregiver who they

would like to include in the study. At the baseline visit, informed consent regarding the

patients’ participation in the study will be obtained. The MINI will be used to confirm depres-

sion diagnosis. The MOCA will be used to detect patients presenting with a cognitive disorder,

and such patients will be excluded from participating in the study. Eligible patients will be ran-

domized and assigned a therapist (if randomized to BA) or a care manager (if randomized to

MEDS). Patient-reported outcomes will be collected at baseline, 3, 6, and 12-month timepoints

using questionnaires that will be administered online using the REDCap interface [44] via the

use of a smart phone/tablet, or by pencil and paper by mail and collected by a research nurse.

Outcomes will continue to be collected for participants who no longer wish to participate in

their assigned intervention but who still agree to receive telephone calls. Research staff will

attempt to reengage participants for outcome collection to ensure completeness of data collec-

tion; only when a research participant explicitly states that they no longer want to receive any

telephone calls will they be considered withdrawn and staff will cease to contact them. Patients

Fig 3. Treatment content over time. Abbreviations: PHQ-9: Nine-Item Patient Health Questionnaire, MINI: Mini International

Neuropsychiatric Interview, MOCA: Montreal Cognitive Assessment, SF-12: 12-item Short Form Medical Outcomes Study, KCCQ: Kansas

City Cardiomyopathy Questionnaire, CBQ-HF: Caregiver Burden Questionnaire for Heart Failure).

https://doi.org/10.1371/journal.pone.0244453.g003
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will receive $100 for completion of the baseline visit, and $50 for each outcome collection

timepoint thereafter (3, 6, and 12 months). Caregivers will receive $25 at baseline, and $10 for

completion of each subsequent outcome collection timepoint.

Assessment of primary outcome. The primary outcome, change in depressive symptom

severity, will be assessed by the 9-item patient-reported Patient Health Questionnaire (PHQ-9)

at 6 months from baseline.

Assessment of secondary outcomes. The secondary outcome of physical and mental

HRQoL will be assessed by the 12-item Short Form Medical Outcomes Study SF-12v2. Heart-

Failure-Specific HRQoL will be measured by the 23-item patient-reported Kansas City Cardio-

myopathy Questionnaire (KCCQ), which is the most sensitive, specific, and responsive HRQoL

for heart failure [46]. Caregiver burden will be assessed by the Caregiver Burden Questionnaire

for Heart Failure (CBQ-HF), a 26-item self-reported scale that measures caregiver burden on a

Likert severity scale of 4 domains of physical, emotional/psychological, social and lifestyle bur-

dens within a 4-week recall period [47]. Furthermore, we will assess morbidity by the number

of ED visits, hospital readmissions, and total days in the hospital; and mortality. Hospital use

will be obtained from the California Office of Statewide Health Planning and Development, and

mortality data from the National Death Index, following the end of the study. Secondary out-

comes will be assessed at 3, 6 and 12-months after starting treatment.

Additional outcomes. Adherence to assigned treatment, other treatments received for

depression, and dose of anti-depressant medication will be collected by self-report. The brief

medication questionnaire [48] will be used to assess antidepressant medication adherence in

the MEDS arm patients after 3, 6, and 12 months of starting treatment by the research nurse.

Information about the dosage of the BA intervention delivered in the BA arm patients will be

collected by the research nurse from the BA therapists after 3, 6 and 12 months of starting BA

treatment and will be reported as percentage of completed BA sessions. For adverse events,

deaths from all causes and self-harm will be recorded and will be reported to the IRB as

detailed in the Ethical Issues/Human Research section.

Statistical analysis

Variables collected. The PHQ-9, SF-12, KCCQ, and CBQ-HF scores will be considered

in analyses as quantitative continuous variables; morbidity, hospital readmissions, and total

days in the hospital will be considered as quantitative discrete variables; and mortality will be

considered as a qualitative nominal variable. The covariates that will be considered are age,

sex, race, ethnicity, marital status, employment, educational level, insurance, recruitment site

(Inpatient or Outpatient), ejection fraction, NYHA Class, and medical history. We also plan to

account for the presence of a caregiver as a covariate when comparing PHQ-9 and other out-

comes between MEDS and BA. Furthermore, we will consider medications, specifically those

classified as angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, β-

Blockers, Loop Diuretics, Aldosterone antagonists, Opiates, and Antidepressants.

Analytic plan. The primary analysis will focus on PHQ-9, such that the same approach

will be applied to other quality of life questionnaires. Furthermore, secondary analyses will be

outlined for number of readmissions and ED visits, time to death and length of stay. All tests

of hypotheses will be two-sided with a significance level of 5%. R version 3.2.5 will be used for

calculations [45]. Summary statistics will be presented as percentages for categorical variables

and as means ± standard deviations, medians with interquartile ranges for continuous vari-

ables. Analysis of PHQ-9 as well as other outcomes questionnaires will be performed using

multivariable Generalized Additive Model for Location, Scale and Shape (GAMLSS) [49] con-

sidering baseline response, time, treatment, and interaction between time and treatment as
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covariables with random effects describing repeated measures at 3, 6, 12 months after treat-

ment. The primary and secondary endpoints have their distribution support limited to positive

integers. Therefore, we will compare continuous distributions in R+ starting from one-param-

eter distribution such as the Exponential, and we will increase the level of model complexity as

needed based on residual plots up to four-parameter distributions such as the Box-Cox power

exponential. While we do not expect to need to model shape and scale as functions of covari-

ates, we will explore modeling them as functions of time. Such strategy will allow us to choose

the most parsimonious distribution while obtaining an acceptable model fit.Time will be mod-

eled as a continuous variable with random coefficients using penalized cubic splines [50] to

avoid overfitting. Random effects will also be added to address the correlation among patients

at the same site. In addition, covariables described above will be considered in the regression

models [51]. Model diagnostics will be performed based on analysis of residual plots and

worm-plots [52]. Analyses of recurring readmissions and ED visits times will be modeled with

mortality using Joint Frailty Models [53] as a function of treatment to model non-ignorable

missing data generated by death. Time until death will be defined as the time between index

time and the event. Time between recurring events such as ED visits and readmissions will be

defined as the time between the last event and the next event. Individuals who are lost to fol-

low-up are censored at the time of the last known contact. Smooth parameters will be esti-

mated based on Shared Frailty models. The total days in the hospital will be modeled as

function of treatment using Poisson regression and variations available from GAMLSS with

random effects describing repeated measures.

Heterogeneity (HTE) analysis. In the HTE analysis, the presence of interaction between

treatment and subgroup factor (Baseline PHQ, Heart Failure Type using Ejection Fraction, Heart

Failure symptom severity using NYHA Classes) will be tested in the regression model [54]. If the

interaction is statistically significant, then the main analysis will be repeated for each group sepa-

rately. Multiplicity will be addressed with Holm correction. As an exploratory analysis, we will

consider non-parametric random effects such that patients will be clustered based on a finite mix-

ture with their latent cluster indicators estimated using the EM algorithm. The selection of the

total number of components will be pragmatic based on GAIC and diagnostic plots.

Per-protocol analysis. In the non-naïve per-protocol analysis, propensity scores for

adherence will be estimated as a function of percentage of completed BA sessions (BA arm)

and the brief medication questionnaire score (MEDS arm) at each time point and incorpo-

rated in the final models as inverse-probability weights [55].

Missing data. Missing data patterns for the variables with missing values will be examined

using the method proposed by Little [56]. Maximum effort will be made to minimize the loss

of information. If the data is found to be not missing at completely random, missing values

will be imputed with values drawn from a fully conditional specification using the multivariate

imputation by chained equations (MICE) algorithm [57, 58], with the number of imputed

datasets chosen such that the maximum loss of efficiency of 5%. Imputed values will be

checked if they are plausible as diagnostics. The outlined statistical analysis will be performed

for each imputed dataset and results will be pooled according to a previously established proto-

col [59]. In addition, a sensitivity analysis under the assumption of missing not at random

(MNAR) will be performed using pattern mixture models assuming various scenarios to assess

the robustness of the results.

Ethical issues/Human research

Participants will be informed that study participation is completely voluntary and that they

can withdraw at any time. Once all data collection is complete, patient names will be replaced
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with a randomly assigned study identification number for the purposes of de-identification.

All identifiable data will be kept on a password protected file on a stationary desktop computer

and kept separate from the patient medical record and other study data. Digital files will be

maintained by the onsite data manager on a secured computer. Computer entries of data will

be identified by code only. Given randomization and according to PCORI standards, a Data

and Safety Monitoring Board (DSMB) will be established to ensure safety monitoring of

patients. The DSMB will be independent from the research team at Cedars-Sinai. Additionally,

our independent research team will not modify the trial design except to ensure participant

safety. The trial was also registered with ClinicalTrials.gov prior to enrolling any patients.

Discussion

The current clinical trial details the first pragmatic, randomized, comparative effectiveness

trial comparing the effects of two evidence-based treatments for depression in heart failure:

behavioral activation and antidepressant medication management using the collaborative care

model. Our hypothesis is that patients with AHF and co-morbid depression who receive BA

will have significantly greater improvements in depressive symptom severity, general, physical,

and mental health related quality of life, heart failure specific quality of life, and caregiver bur-

den at 3, 6 and 12 months as compared to patients who receive MEDS. Furthermore, we

hypothesize that those receiving BA will have significantly less morbidity and reduced mortal-

ity at 3, 6 and 12 months as compared to patients receiving the MEDS intervention. No study

has compared these two treatments head to head, and thus our study can offer novel data on

how depression in heart failure is best managed.

The strengths of this study lie in its power due to its large sample size and its application to

the real-world due to the inclusion of a stakeholder-academic partnered advisory group as well

as recruitment practices from both inpatient and outpatient sources. The utilization of BA in

this study is also a strength due to BA’s low-cost and feasibility in the primary care setting as

well as the behavioral approach that BA takes in targeting anhedonia and inactivity (hallmark

symptoms of depression and common side effects of heart failure) as well as previous research

that has shown BA to be just as effective as CBT [25], another evidence-based treatment for

depression in heart failure. The long follow up time relative to other depression in heart-failure

studies and the use of the evidenced-based collaborative care model presents a novel approach

to testing the effectiveness of antidepressant medications in heart dailure. Furthermore, the

innovative ease with which these interventions can be carried out in person, by telephone or

via the use of video sessions makes the study easy to carry out and reduces the rate of patient

drop-out; and is especially important for patients with heart failure who have a significant bur-

den of illness that prevents them from making regular visits to the clinic. The use of virtual

interventions allows the study to be continued during the ongoing COVID-19 pandemic, and

thus will allow the study to advance to completion in the continuing pandemic conditions as

well as will allow the virtual interventions to be implemented at the end of the study. Heart fail-

ure has been identified as a risk factor for severe COVID-19 [60]. Thus, the implementation of

effective treatment modalities for depression in the setting of advanced heart failure, that can

be administered in a socially-distant manner, take on a new urgency this year. Furthermore, it

is likely the case that telehealth and virtual visits are here to stay; this study will contribute to

evidence of effectiveness of such healthcare delivery modes. Finally, the proposed study inter-

ventions are straightforward to explain and easy to understand, which increases the chances of

disseminating the findings successfully and increasing their visibility once implemented. The

results of this study will also enhance awareness and has the potential for changing the stan-

dard of care for treating patients with AHF and depression. The limitations of the study
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include the patient’s burden of illness, which may prevent them from engaging in BA. Further-

more, the COVID-19 pandemic may pose a challenge to BA patients engaging in activities that

they find enjoyable. Moreover, self-report BA process measures to assess goal assignment and

completion were not implemented, due to significant concerns on the part of patient/patient

advocates and PCORI peer reviewers regarding the burden all the existing questionnaires and

additional ones would pose on patients with advanced heart failure. Baseline assessment of

treatment acceptability would have enhanced the study but was not implemented due to simi-

lar concerns. Given the pragmatic design of the study, those conducting assessments are not

blinded to treatment condition, thus imposing the risk of bias in participant assessments.

Additionally, although the BA therapists and the MEDS care managers receive an initial two

hour training on their respective study protocols as well as weekly one and half hour supervi-

sion sessions by study co-investigators, a treatment fidelity checklist and fidelity coding are

not used in either condition, and thus complete adherence to protocol guidelines may not be

ensured. Other limitations include the stigma surrounding depression and perceived impor-

tance of depression relative to other medical comorbidities, which may present a challenge to

patient recruitment and reengagement efforts.

Conclusions and future directions

The results of this study will be disseminated and implemented into standard practice by the

study stakeholders and investigator team. If successful, this study will directly contribute to

patient-centered depression care in advanced heart failure.

Supporting information

S1 File. Study protocol.

(PDF)

S2 File. Consort checklist.

(DOC)

Author Contributions

Conceptualization: Waguih William IsHak.

Data curation: Waguih William IsHak.

Formal analysis: Waguih William IsHak, Marcio A. Diniz.

Funding acquisition: Waguih William IsHak.

Investigation: Waguih William IsHak, Jeanne T. Black, Harriet Aronow, Asher Kimchi, Bren-

nan Spiegel, Rebecca Hedrick, Robert Chernoff, Michele Hamilton, Itai Danovitch.

Methodology: Waguih William IsHak, Marcio A. Diniz.

Project administration: Waguih William IsHak.

Resources: Waguih William IsHak.

Software: Waguih William IsHak.

Supervision: Waguih William IsHak.

Validation: Waguih William IsHak.

Visualization: Waguih William IsHak.

PLOS ONE Personalized depression treatments in heart failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0244453 January 7, 2021 14 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244453.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244453.s002
https://doi.org/10.1371/journal.pone.0244453


Writing – original draft: Samuel Korouri.

Writing – review & editing: Samuel Korouri, Tarneem Darwish, Brigitte Vanle, Jonathan

Dang, Gabriel Edwards, Jeanne T. Black, Harriet Aronow, Asher Kimchi, Brennan Spiegel,

Rebecca Hedrick, Robert Chernoff, Marcio A. Diniz, James Mirocha, Vicki Manoukian,

John Harold, Michael K. Ong, Kenneth Wells, Michele Hamilton, Itai Danovitch.

References
1. Jeyanantham K, Kotecha D, Thanki D, Dekker R, Lane DA. Effects of cognitive behavioural therapy for

depression in heart failure patients: a systematic review and meta-analysis. Heart failure reviews. 2017;

22(6):731–741. https://doi.org/10.1007/s10741-017-9640-5 PMID: 28733911

2. Jacobson NS, Martell CR, Dimidjian S. Behavioral Activation treatment for Depression: Returning to

Contextual Roots. Clinical Psychology: Science and Practice. 2001; 8(3):255–270

3. Artinian NT, Artinian CG, Saunders MM. Identifying and treating depression in patients with heart fail-

ure. The Journal of cardiovascular nursing. 2004; 19(6 Suppl):S47–56. https://doi.org/10.1097/

00005082-200411001-00007 PMID: 15529074

4. Lane DA, Chong AY, Lip GY. Psychological interventions for depression in heart failure. The Cochrane

database of systematic reviews. 2005(1):Cd003329. https://doi.org/10.1002/14651858.CD003329.

pub2 PMID: 15674906

5. Yohannes AM, Willgoss TG, Baldwin RC, Connolly MJ. Depression and anxiety in chronic heart failure

and chronic obstructive pulmonary disease: prevalence, relevance, clinical implications and manage-

ment principles. International journal of geriatric psychiatry. 2010; 25(12):1209–1221. https://doi.org/10.

1002/gps.2463 PMID: 20033905

6. Gottlieb SS, Khatta M, Friedmann E, et al. The influence of age, gender, and race on the prevalence of

depression in heart failure patients. Journal of the American College of Cardiology. 2004; 43(9):1542–

1549. https://doi.org/10.1016/j.jacc.2003.10.064 PMID: 15120809

7. Guck TP, Elsasser GN, Kavan MG, Barone EJ. Depression and congestive heart failure. Congestive

heart failure (Greenwich, Conn). 2003; 9(3):163–169. https://doi.org/10.1111/j.1527-5299.2003.01356.

x PMID: 12826775

8. Abramson J, Berger A, Krumholz HM, Vaccarino V. Depression and risk of heart failure among older

persons with isolated systolic hypertension. Archives of internal medicine. 2001; 161(14):1725–1730.

https://doi.org/10.1001/archinte.161.14.1725 PMID: 11485505

9. Cohen HW, Gibson G, Alderman MH. Excess risk of myocardial infarction in patients treated with anti-

depressant medications: Association with use of tricyclic agents. American Journal of Medicine. 2000;

108(1):2–8. https://doi.org/10.1016/s0002-9343(99)00301-0 PMID: 11059434

10. Sherwood A, Blumenthal JA, Hinderliter AL, et al. Worsening depressive symptoms are associated with

adverse clinical outcomes in patients with heart failure. Journal of the American College of Cardiology.

2011; 57(4):418–423. https://doi.org/10.1016/j.jacc.2010.09.031 PMID: 21251581

11. Glassman AH, Shapiro PA. Depression and the course of coronary artery disease. American Journal of

Psychiatry. 1998; 155(1):4–11. https://doi.org/10.1176/ajp.155.1.4 PMID: 9433332

12. Johansson P, Dahlstrom U, Brostrom A. Consequences and predictors of depression in patients with

chronic heart failure: implications for nursing care and future research. Progress in cardiovascular nurs-

ing. 2006; 21(4):202–211. https://doi.org/10.1111/j.0889-7204.2006.05415.x PMID: 17170596

13. Sullivan M, Levy WC, Russo JE, Spertus JA. Depression and health status in patients with advanced

heart failure: a prospective study in tertiary care. Journal of cardiac failure. 2004; 10(5):390–396.

https://doi.org/10.1016/j.cardfail.2004.01.011 PMID: 15470649

14. Dracup K, Walden JA, Stevenson LW, Brecht ML. QUALITY-OF-LIFE IN PATIENTS WITH

ADVANCED HEART-FAILURE. Journal of Heart and Lung Transplantation. 1992; 11(2):273–279.

PMID: 1576133

15. Evangelista LS, Stromberg A, Dionne-Odom JN. An integrated review of interventions to improve psy-

chological outcomes in caregivers of patients with heart failure. Current opinion in supportive and pallia-

tive care. 2016; 10(1):24–31. https://doi.org/10.1097/SPC.0000000000000182 PMID: 26716392

16. Dracup K, Evangelista LS, Doering L, Tullman D, Moser DK, Hamilton M. Emotional well-being in

spouses of patients with advanced heart failure. Heart & lung: the journal of critical care. 2004; 33

(6):354–361. https://doi.org/10.1016/j.hrtlng.2004.06.003 PMID: 15597288

17. Moraska AR, Chamberlain AM, Shah ND, Vickers KS, Rummans TA, Dunlay SMet al. Depression,

healthcare utilization, and death in heart failure: a community study. Circulation Heart failure. 2013; 6

(3):387–394. https://doi.org/10.1161/CIRCHEARTFAILURE.112.000118 PMID: 23512984

PLOS ONE Personalized depression treatments in heart failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0244453 January 7, 2021 15 / 18

https://doi.org/10.1007/s10741-017-9640-5
http://www.ncbi.nlm.nih.gov/pubmed/28733911
https://doi.org/10.1097/00005082-200411001-00007
https://doi.org/10.1097/00005082-200411001-00007
http://www.ncbi.nlm.nih.gov/pubmed/15529074
https://doi.org/10.1002/14651858.CD003329.pub2
https://doi.org/10.1002/14651858.CD003329.pub2
http://www.ncbi.nlm.nih.gov/pubmed/15674906
https://doi.org/10.1002/gps.2463
https://doi.org/10.1002/gps.2463
http://www.ncbi.nlm.nih.gov/pubmed/20033905
https://doi.org/10.1016/j.jacc.2003.10.064
http://www.ncbi.nlm.nih.gov/pubmed/15120809
https://doi.org/10.1111/j.1527-5299.2003.01356.x
https://doi.org/10.1111/j.1527-5299.2003.01356.x
http://www.ncbi.nlm.nih.gov/pubmed/12826775
https://doi.org/10.1001/archinte.161.14.1725
http://www.ncbi.nlm.nih.gov/pubmed/11485505
https://doi.org/10.1016/s0002-9343%2899%2900301-0
http://www.ncbi.nlm.nih.gov/pubmed/11059434
https://doi.org/10.1016/j.jacc.2010.09.031
http://www.ncbi.nlm.nih.gov/pubmed/21251581
https://doi.org/10.1176/ajp.155.1.4
http://www.ncbi.nlm.nih.gov/pubmed/9433332
https://doi.org/10.1111/j.0889-7204.2006.05415.x
http://www.ncbi.nlm.nih.gov/pubmed/17170596
https://doi.org/10.1016/j.cardfail.2004.01.011
http://www.ncbi.nlm.nih.gov/pubmed/15470649
http://www.ncbi.nlm.nih.gov/pubmed/1576133
https://doi.org/10.1097/SPC.0000000000000182
http://www.ncbi.nlm.nih.gov/pubmed/26716392
https://doi.org/10.1016/j.hrtlng.2004.06.003
http://www.ncbi.nlm.nih.gov/pubmed/15597288
https://doi.org/10.1161/CIRCHEARTFAILURE.112.000118
http://www.ncbi.nlm.nih.gov/pubmed/23512984
https://doi.org/10.1371/journal.pone.0244453


18. Bhatt KN, Kalogeropoulos AP, Dunbar SB, Butler J, Georgiopoulou VV. Depression in heart failure:

Can PHQ-9 help? Int J Cardiol. 2016; 221:246–250. https://doi.org/10.1016/j.ijcard.2016.07.057 PMID:

27404684

19. Dekker RL, Tovar EG, Doering LV, Bailey AL, Campbell CL, Wright JHet al. A single cognitive behav-

ioral therapy session improves short-term depressive symptoms in hospitalized patients with heart fail-

ure. Circulation. 2014; 130(suppl_2): A13961.

20. Muller-Tasch T, Peters-Klimm F, Schellberg D, Holzapfel N, Barth A, Junger J et al. Depression is a

major determinant of quality of life in patients with chronic systolic heart failure in general practice. Jour-

nal of cardiac failure. 2007; 13(10):818–824. https://doi.org/10.1016/j.cardfail.2007.07.008 PMID:

18068614

21. Vaccarino V, Kasl SV, Abramson J, Krumholz HM. Depressive symptoms and risk of functional decline

and death in patients with heart failure. Journal of the American College of Cardiology. 2001; 38

(1):199–205. https://doi.org/10.1016/s0735-1097(01)01334-1 PMID: 11451275

22. Diez-Quevedo C, Lupon J, Gonzalez B, Urrutia A, Cano L, Cabanes Ret al. Depression, antidepres-

sants, and long-term mortality in heart failure. Int J Cardiol. 2013; 167(4):1217–1225. https://doi.org/10.

1016/j.ijcard.2012.03.143 PMID: 22507552

23. Ekers D, Webster L, Van Straten A, Cuijpers P, Richards D, Gilbody S. Behavioural activation for

depression; an update of meta-analysis of effectiveness and sub group analysis. PLoS One. 2014; 9(6):

e100100. https://doi.org/10.1371/journal.pone.0100100 PMID: 24936656

24. Cuijpers P, Van Straten A, Warmerdan L. Behavioral Activation Treatments of Depression: A meta-

analysis. Clinical Psychology Review. 2007; 27(3):318–326. https://doi.org/10.1016/j.cpr.2006.11.001

PMID: 17184887

25. Richards DA, Ekers D, McMillan D, Taylor RS, Byford S, Warren FC et al. Cost and Outcome of Beha-

vioural Activation versus Cognitive Behavioural Therapy for Depression (COBRA): a randomised, con-

trolled, non-inferiority trial. Lancet (London, England). 2016; 388(10047):871–880. https://doi.org/10.

1016/S0140-6736(16)31140-0 PMID: 27461440

26. Dimidjian S, Hollon SD, Dobson KS, Schmaling KB, Kohlenberg RJ, Addis ME, et al. Randomized Trial

of Behavioral Activation, Cognitive Therapy, and Antidepressant Medication in the Acute Treatment of

Adults With Major Depression. Journal of Consulting and Clinical Psychology. 2006; 74(4):658. https://

doi.org/10.1037/0022-006X.74.4.658 PMID: 16881773

27. Richards SH, Campbell JL, Dickens C, Anderson R, Gandhi M, Gibson A, et al. Enhanced psychological

care in cardiac rehabilitation services for patients with new-onset depression: the CADENCE feasibility

study and pilot RCT. Health Technol Assess 2018; 22(30). https://doi.org/10.3310/hta22300 PMID:

29856312

28. Hooley PJ, Butler G, Howlett JG. The relationship of quality of life, depression, and caregiver burden in

outpatients with congestive heart failure. Congestive Heart Failure (Greenwich, Conn). 2005; 11

(6):303–310.

29. Katon WJ. Epidemiology and treatment of depression in patients with chronic medical illness. Dialogues

Clin Neurosci. 2011; 13(1):7–23. https://doi.org/10.31887/DCNS.2011.13.1/wkaton PMID: 21485743

30. Wells KB, Jones L, Chung B, et al. Community-partnered cluster-randomized comparative effective-

ness trial of community engagement and planning or resources for services to address depression dis-

parities. Journal of general internal medicine. 2013; 28(10):1268–1278. https://doi.org/10.1007/s11606-

013-2484-3 PMID: 23649787

31. Unutzer J, Katon W, Sullivan M, Miranda J. Treating depressed older adults in primary care: Narrowing

the gap between efficacy and effectiveness. Milbank Quarterly. 1999; 77(2):225–256. https://doi.org/

10.1111/1468-0009.00132 PMID: 10392163

32. Unutzer J, Katon W, Williams JW, Callahan CM, Harpole L, Hunkeler EM et al. Improving primary care

for depression in late life—The design of a multicenter randomized trial. Medical care. 2001; 39(8):785–

799. https://doi.org/10.1097/00005650-200108000-00005 PMID: 11468498

33. Unutzer J, Katon W, Callahan CM, Williams JW, Hunkeler E, Harpole L et al. Collaborative care man-

agement of late-life depression in the primary care setting: a randomized controlled trial. Jama. 2002;

288(22):2836–2845. https://doi.org/10.1001/jama.288.22.2836 PMID: 12472325

34. Celano CM, Healy B, Suarez L, Levy DE, Mastromauro C, Januzzi JLet al. Cost-Effectiveness of a Col-

laborative Care Depression and Anxiety Treatment Program in Patients with Acute Cardiac Illness.

Value in health: the journal of the International Society for Pharmacoeconomics and Outcomes

Research. 2016; 19(2):185–191. https://doi.org/10.1016/j.jval.2015.12.015 PMID: 27021752

35. Huffman JC, Mastromauro CA, Sowden G, Fricchione GL, Healy BC, Januzzi JL. Impact of a depres-

sion care management program for hospitalized cardiac patients. Circulation Cardiovascular quality

and outcomes. 2011; 4(2):198–205. https://doi.org/10.1161/CIRCOUTCOMES.110.959379 PMID:

21386067

PLOS ONE Personalized depression treatments in heart failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0244453 January 7, 2021 16 / 18

https://doi.org/10.1016/j.ijcard.2016.07.057
http://www.ncbi.nlm.nih.gov/pubmed/27404684
https://doi.org/10.1016/j.cardfail.2007.07.008
http://www.ncbi.nlm.nih.gov/pubmed/18068614
https://doi.org/10.1016/s0735-1097%2801%2901334-1
http://www.ncbi.nlm.nih.gov/pubmed/11451275
https://doi.org/10.1016/j.ijcard.2012.03.143
https://doi.org/10.1016/j.ijcard.2012.03.143
http://www.ncbi.nlm.nih.gov/pubmed/22507552
https://doi.org/10.1371/journal.pone.0100100
http://www.ncbi.nlm.nih.gov/pubmed/24936656
https://doi.org/10.1016/j.cpr.2006.11.001
http://www.ncbi.nlm.nih.gov/pubmed/17184887
https://doi.org/10.1016/S0140-6736%2816%2931140-0
https://doi.org/10.1016/S0140-6736%2816%2931140-0
http://www.ncbi.nlm.nih.gov/pubmed/27461440
https://doi.org/10.1037/0022-006X.74.4.658
https://doi.org/10.1037/0022-006X.74.4.658
http://www.ncbi.nlm.nih.gov/pubmed/16881773
https://doi.org/10.3310/hta22300
http://www.ncbi.nlm.nih.gov/pubmed/29856312
https://doi.org/10.31887/DCNS.2011.13.1/wkaton
http://www.ncbi.nlm.nih.gov/pubmed/21485743
https://doi.org/10.1007/s11606-013-2484-3
https://doi.org/10.1007/s11606-013-2484-3
http://www.ncbi.nlm.nih.gov/pubmed/23649787
https://doi.org/10.1111/1468-0009.00132
https://doi.org/10.1111/1468-0009.00132
http://www.ncbi.nlm.nih.gov/pubmed/10392163
https://doi.org/10.1097/00005650-200108000-00005
http://www.ncbi.nlm.nih.gov/pubmed/11468498
https://doi.org/10.1001/jama.288.22.2836
http://www.ncbi.nlm.nih.gov/pubmed/12472325
https://doi.org/10.1016/j.jval.2015.12.015
http://www.ncbi.nlm.nih.gov/pubmed/27021752
https://doi.org/10.1161/CIRCOUTCOMES.110.959379
http://www.ncbi.nlm.nih.gov/pubmed/21386067
https://doi.org/10.1371/journal.pone.0244453


36. Rollman BL, Belnap BH, LeMenager MS, Mazumdar S, Houck PR, Counihan PJ et al. Telephone-deliv-

ered collaborative care for treating post-CABG depression: a randomized controlled trial. Jama. 2009;

302(19):2095–2103. https://doi.org/10.1001/jama.2009.1670 PMID: 19918088

37. O’Connor CM, Jiang W, Kuchibhatla M, et al. Safety and efficacy of sertraline for depression in patients

with heart failure: results of the SADHART-CHF (Sertraline Against Depression and Heart Disease in

Chronic Heart Failure) trial. J Am Coll Cardiol. 2010; 56(9):692–699. https://doi.org/10.1016/j.jacc.

2010.03.068 PMID: 20723799

38. Lesperance F, Frasure-Smith N, Koszycki D, Laliberte MA, van Zyl LT, Baker B et al. Effects of citalo-

pram and interpersonal psychotherapy on depression in patients with coronary artery disease: the

Canadian Cardiac Randomized Evaluation of Antidepressant and Psychotherapy Efficacy (CREATE)

trial. Jama. 2007; 297(4):367–379. https://doi.org/10.1001/jama.297.4.367 PMID: 17244833

39. Ong MK, Romano PS, Edgington S, et al. Effectiveness of Remote Patient Monitoring After Discharge

of Hospitalized Patients With Heart Failure: The Better Effectiveness After Transition—Heart Failure

(BEAT-HF) Randomized Clinical Trial. JAMA Intern Med. 2016; 176(3):310–318. https://doi.org/10.

1001/jamainternmed.2015.7712 PMID: 26857383

40. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen

Intern Med. 2001; 16(9):606–613. https://doi.org/10.1046/j.1525-1497.2001.016009606.x PMID:

11556941

41. Sheehan DV, Sheehan KH, Shytle RD, Janavs J, Bannon Y, Rogers JEet al. Reliability and validity of

the Mini International Neuropsychiatric Interview for Children and Adolescents (MINI-KID). The Journal

of clinical psychiatry. 2010; 71(3):313–326. https://doi.org/10.4088/JCP.09m05305whi PMID:

20331933

42. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I et al. The Montreal Cog-

nitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. Journal of the American

Geriatrics Society. 2005; 53(4):695–699. https://doi.org/10.1111/j.1532-5415.2005.53221.x PMID:

15817019

43. Lejuez CW, Hopko DR, Acierno R, Daughters SB, Pagoto SL. Ten year revision of the brief behavioral

activation treatment for depression: revised treatment manual. Behavior modification. 2011; 35(2):111–

161. https://doi.org/10.1177/0145445510390929 PMID: 21324944

44. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture

(REDCap)—a metadata-driven methodology and workflow process for providing translational research

informatics support. Journal of biomedical informatics. 2009; 42(2):377–381. https://doi.org/10.1016/j.

jbi.2008.08.010 PMID: 18929686

45. Team RC. A language and environment for statistical computing. R Foundation for Statistical Comput-

ing, Vienna, Austria. 2016.

46. Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and evaluation of the Kansas City Car-

diomyopathy Questionnaire: a new health status measure for heart failure. Journal of the American Col-

lege of Cardiology. 2000; 35(5):1245–1255. https://doi.org/10.1016/s0735-1097(00)00531-3 PMID:

10758967

47. Humphrey L, Kulich K, Deschaseaux C, Blackburn S, Maguire L, Stromberg A. The Caregiver Burden

Questionnaire for Heart Failure (CBQ-HF): face and content validity. Health and quality of life outcomes.

2013; 11:84. https://doi.org/10.1186/1477-7525-11-84 PMID: 23706131

48. Svarstad BL, Chewning BA, Sleath BL, Claesson C. The Brief Medication Questionnaire: a tool for

screening patient adherence. Patient education and counseling. 1999; 37(2):113–124. https://doi.org/

10.1016/s0738-3991(98)00107-4 PMID: 14528539

49. Rigby RA, Stasinopoulos DM. Generalized additive models for location, scale and shape. Journal of the

Royal Statistical Society: Series C (Applied Statistics). 2005; 54(3):507–554.

50. Eilers PH, Gampe J, Marx BD, Rau R. Modulation models for seasonal time series and incidence tables.

Stat Med. 2008; 27(17):3430–3441. https://doi.org/10.1002/sim.3188 PMID: 18181222

51. Kahan BC, Jairath V, Dore CJ, Morris TP. The risks and rewards of covariate adjustment in randomized

trials: an assessment of 12 outcomes from 8 studies. Trials. 2014; 15:139. https://doi.org/10.1186/

1745-6215-15-139 PMID: 24755011

52. van Buuren S, Fredriks M. Worm plot: a simple diagnostic device for modelling growth reference curves.

Stat Med. 2001; 20(8):1259–1277. https://doi.org/10.1002/sim.746 PMID: 11304741

53. Rondeau V, Mathoulin-Pelissier S, Jacqmin-Gadda H, Brouste V, Soubeyran P. Joint frailty models for

recurring events and death using maximum penalized likelihood estimation: application on cancer

events. Biostatistics (Oxford, England). 2007; 8(4):708–721. https://doi.org/10.1093/biostatistics/kxl043

PMID: 17267392

PLOS ONE Personalized depression treatments in heart failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0244453 January 7, 2021 17 / 18

https://doi.org/10.1001/jama.2009.1670
http://www.ncbi.nlm.nih.gov/pubmed/19918088
https://doi.org/10.1016/j.jacc.2010.03.068
https://doi.org/10.1016/j.jacc.2010.03.068
http://www.ncbi.nlm.nih.gov/pubmed/20723799
https://doi.org/10.1001/jama.297.4.367
http://www.ncbi.nlm.nih.gov/pubmed/17244833
https://doi.org/10.1001/jamainternmed.2015.7712
https://doi.org/10.1001/jamainternmed.2015.7712
http://www.ncbi.nlm.nih.gov/pubmed/26857383
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.4088/JCP.09m05305whi
http://www.ncbi.nlm.nih.gov/pubmed/20331933
https://doi.org/10.1111/j.1532-5415.2005.53221.x
http://www.ncbi.nlm.nih.gov/pubmed/15817019
https://doi.org/10.1177/0145445510390929
http://www.ncbi.nlm.nih.gov/pubmed/21324944
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.1016/s0735-1097%2800%2900531-3
http://www.ncbi.nlm.nih.gov/pubmed/10758967
https://doi.org/10.1186/1477-7525-11-84
http://www.ncbi.nlm.nih.gov/pubmed/23706131
https://doi.org/10.1016/s0738-3991%2898%2900107-4
https://doi.org/10.1016/s0738-3991%2898%2900107-4
http://www.ncbi.nlm.nih.gov/pubmed/14528539
https://doi.org/10.1002/sim.3188
http://www.ncbi.nlm.nih.gov/pubmed/18181222
https://doi.org/10.1186/1745-6215-15-139
https://doi.org/10.1186/1745-6215-15-139
http://www.ncbi.nlm.nih.gov/pubmed/24755011
https://doi.org/10.1002/sim.746
http://www.ncbi.nlm.nih.gov/pubmed/11304741
https://doi.org/10.1093/biostatistics/kxl043
http://www.ncbi.nlm.nih.gov/pubmed/17267392
https://doi.org/10.1371/journal.pone.0244453


54. Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM. Statistics in medicine—reporting of subgroup

analyses in clinical trials. New England Journal of Medicine. 2007; 357(21):2189–2194. https://doi.org/

10.1056/NEJMsr077003 PMID: 18032770

55. Hernán MA, Robins JM. Per-Protocol Analyses of Pragmatic Trials. N Engl J Med. 2017; 377(14):1391–

1398. https://doi.org/10.1056/NEJMsm1605385 PMID: 28976864

56. Little RJ. A test of missing completely at random for multivariate data with missing values. Journal of the

American Statistical Association. 1988; 83(404):1198–1202.

57. Audigier V, White I, Jolani S, Debray T, Quartagno M, Carpenter J, et al. Multiple imputation for multi-

level data with continuous and binary variables. Statistical Science. 2018; 33(2):160–183

58. Resche-Rigon M, White IR. Multiple imputation by chained equations for systematically and sporadi-

cally missing multilevel data. Statistical Methods in Medical Research. 2018; 27(6):1634–1649 https://

doi.org/10.1177/0962280216666564 PMID: 27647809

59. Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York: John Wiley & Sons. 1987.

60. DeFilippis EM, Reza N, Donald E, Givertz MM, Lindenfeld J, Jessup M. Considerations for Heart Failure

Care During the COVID-19 Pandemic. JACC: Heart Failure. 2020; 8(8):681–691. https://doi.org/10.

1016/j.jchf.2020.05.006 PMID: 32493638

PLOS ONE Personalized depression treatments in heart failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0244453 January 7, 2021 18 / 18

https://doi.org/10.1056/NEJMsr077003
https://doi.org/10.1056/NEJMsr077003
http://www.ncbi.nlm.nih.gov/pubmed/18032770
https://doi.org/10.1056/NEJMsm1605385
http://www.ncbi.nlm.nih.gov/pubmed/28976864
https://doi.org/10.1177/0962280216666564
https://doi.org/10.1177/0962280216666564
http://www.ncbi.nlm.nih.gov/pubmed/27647809
https://doi.org/10.1016/j.jchf.2020.05.006
https://doi.org/10.1016/j.jchf.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/32493638
https://doi.org/10.1371/journal.pone.0244453

