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Abstract

Background—Elevated depressive symptoms among survivors of acute coronary syndromes 

(ACS) confer recurrent cardiovascular events and mortality, worse quality of life, and higher 

healthcare costs. While multiple scientific groups advise routine depression screening for ACS 

survivors, no randomized trials exist to inform this screening recommendation. We aimed to assess 

the effect of screening for depression on change in quality of life over 18 months among ACS 

patients.

Methods—The Comparison of Depression Identification after Acute Coronary Syndrome on 

Quality of Life and Cost Outcomes (CODIACS-QoL) trial is a pragmatic, 3-arm trial that 

randomized ACS patients to 1) systematic depression screening using the 8-item Patient Health 

Questionnaire (PHQ-8) and if positive screen (PHQ-8≥10), notification of primary care providers 

(PCPs) and invitation to participate in centralized, patient-preference, stepped depression care 

(Screen, Notify, and Treat, N=499); 2) systematic depression screening and PCP notification only 

(Screen and Notify, N=501); and 3) usual care (No Screen, N=500). Adults hospitalized for ACS 

in the previous 2–12 months without prior history of depression were eligible for participation. 

Key outcomes will be quality-adjusted life years (primary), cost of health care utilization, and 

depression-free days across 18 months.

Results—A total of 1,500 patients were randomized in the CODIACS-QOL trial (28.3% women; 

16.3% Hispanic; mean age 65.9 (11.5) years). Only 7% of ACS survivors had elevated depressive 

symptoms.

Conclusions—Using a novel randomization schema and pragmatic design principles, the 

CODIACS-QoL trial achieved its enrollment target. Eventual results of this trial will inform future 

depression screening recommendations in cardiac patients.

Trial registration—ClinicalTrials.gov ().
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Background

Depression is three times more common in patients following acute coronary syndromes 

(ACS) than in the general population, with a prevalence of approximately 15% to 20%.1 

With over one million ACS cases occurring annually,2 almost 200,000 individuals will have 

clinically significant depression. ACS survivors with depression have increased healthcare 

costs and utilization,3 reduced quality of life and functional status,4 as well as higher risk of 

myocardial infarction (MI) recurrence and all-cause mortality.5,6,7,8

Given this compelling observational data, the American Heart Association (AHA) issued a 

science advisory in 2014 recommending routine post-ACS depression screening using 

validated tools and referral for comprehensive depression evaluation by a mental health 

specialist.9,10 There are now similar recommendations from the American Academy of 

Family Practitioners,11 European professional cardiology societies,12 and the National Heart 

Foundation of Australia.13
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These recommendations for systematic depression screening in post-ACS patients have not 

been without controversy. Some experts argue that, while well-intentioned, they are not 

supported by evidence from randomized clinical trials (RCTs); in fact, two systematic 

reviews have concluded that no existing clinical trials exist assessing whether screening for 

depression improves depressive symptoms and cardiac outcomes in patients with 

cardiovascular disease.14–16 Further, despite the robust epidemiologic association between 

depression and adverse outcomes, there are few trials confirming that depression treatment 

improves cardiovascular prognosis.15 Experts have also raised concerns about low positive 

predictive values (below 50%) of depression screening in the post-ACS population,17 

potentially resulting in misallocated resources. Furthermore, the potential for unintended 

harms from depression screening include adverse medication effects and stigma arising from 

labeling patients as depressed. Some have also argued that a true depression screening trial 

should exclude patients already previously diagnosed with depression.18,19

Two critical gaps must be addressed to determine if public health will be improved by 

depression screening after ACS: 1) Does depression screening, with or without direct 

referral to a mental health specialist for treatment, improve quality-adjusted life years, and 

2) Is the cost of screening within acceptable amounts (e.g., ≤ $174,000/QALY)? To answer 

these questions, trials evaluating depression screening must randomize patients prior to 
screening. To our knowledge, there exists one cluster randomized screening trial of 45 

English general practices testing an electronic point-of-care prompt for anxiety, depression 

and pain intensity screening among patients aged ≥45 years old with osteoarthritis compared 

to usual care (pain prompts only); researchers found no difference in depressive symptoms 

and higher pain symptoms in the enhanced screening group, calling into question the 

benefits of screening.20 Thus far, post-ACS depression screening recommendations were not 

based on a systematic review of the evidence. Even primary care guidelines, like the United 

States Preventative Services Task Force, which recommend systematic depression screening 

when depression care support is in place, are largely based on trials combining depression 

screening with adequate treatment support, thus confounding our understanding of the effect 

of screening alone. 19 Meanwhile, Canadian Task Force on Preventative Health Care21 and 

United Kingdom National Screening Committee recommend against systematic depression 

screening.22

The Comparison of Depression Identification after Acute Coronary Syndrome: Quality of 

Life and Cost Outcomes (CODIACS-QoL) RCT aims to address gaps in the understanding 

of the effectiveness of depression screening in cardiac patients by comparing the 

effectiveness of (1) screening, provider notification and centralized treatment, (2) screening 

and provider notification only and (3) no screening on health-related quality of life (primary 

outcome), depression-free days (measured at 6-month intervals), and cost of health care 

utilization and ultimately inform AHA’s post-ACS depression screening advisory.

Design Overview

The CODIACS-QoL trial is an investigator-initiated, multicenter, randomized prospective 3-

arm trial randomizing post-ACS patients to 1) depression screening with notification of 

treating providers and linkage to enhanced depression treatment; 2) depression screening 
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and notification, alone; or 3) no depression screening. The timetable of key study procedures 

and assessments is shown in Table 1. The Center for Behavioral Cardiovascular Health at 

Columbia University Medical Center served as the centralized coordinating center for the 

trial. To maximize the applicability of trial results to clinical practice, the trial design was 

pragmatic,23 an innovative approach with the potential to inform other real world trials. 

Pragmatic characteristics included: eligibility criteria that were inclusive of the broad group 

of post-ACS patients eligible for depression screening; case identification using automated 

electronic medical record (EMR) searches; enrollment of a socioeconomically diverse 

patient population through recruitment at geographically-diverse health systems; remote (via 

telephone or internet) study assessments; availability of telephone-delivered psychotherapy 

for positive screens who were referred for treatment; and no withdrawals for noncompliance 

or unresponsiveness following randomization (i.e., intent-to-screen analyses). The study was 

approved by the Institutional Review Board of Columbia University Medical Center (New 

York, NY), as well as the three other recruitment sites. The trial was registered at 

ClinicalTrials.gov () prior to enrolling patients. A Data Safety and Monitoring Board 

(DSMB) comprised of experts in biostatistics, psychiatry, and cardiology ensured the safety 

of patients and the rigor of the conduct of the trial. The study was funded by NHLBI (R01 

HL114924).

Study Setting

Patients were recruited from 4 sites in geographically diverse regions of the United States: 

HealthPartners (Minneapolis, MN); Duke University Health System (Durham, NC); Kaiser 

Permanente Northwest (Portland, OR); and New York-Presbyterian Hospital/Columbia 

University Irving Medical Center (New York, NY). The selection of participating health care 

organizations was informed by each having an integrated healthcare system and an 

established and searchable EMR to facilitate depression screening and data collection for 

cost-effectiveness analyses.

Eligibility criteria

Patients were eligible for enrollment if they met the following inclusion criteria: (1) 

documented ACS within 2–12 months of enrollment based on standardized International 

Classification of Diseases, Ninth Edition (ICD-9) or ICD-10 discharge codes for acute MI 

and unstable angina;24 (2) age at randomization of ≥ 21 years; and (3) access to a telephone. 

Patients were excluded if they had any of the following criteria (self-reported or EMR-

based): primary language was not English or Spanish (self-report only); current receipt of 

depression treatment, past history of depression (self-reported or EMR); terminal illness (life 

expectancy of less than 1 year); prior or current history of bipolar disorder, suicidal risk, or 

psychosis; current substance abuse; dementia; current pregnancy; severe arthritis/

rheumatologic illness; advanced liver disease requiring frequent hospitalizations; advanced 

heart failure such as New York Heart Association class IV requiring heart transplant or 

mechanical device; advanced lung disease needing oxygen at home; advanced HIV infection 

or AIDS, or advanced cancer of any kind. Of note, the study had planned to include those 

with a history of depression so long as they were not currently receiving depression 

treatment. However, prior to the start of the trial, eligibility criteria were modified to exclude 
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those with a history of depression based on concerns raised by our DSMB that depression 

screening should refer to patients whose depression has not already been recognized by 

health care providers.19

Although the AHA scientific advisory recommends depression screening in all patients with 

coronary heart disease (CHD), we focused on patients with recent ACS (MI or unstable 

angina with documentation of the presence of coronary artery disease (CAD)), as this is the 

population for which there is the strongest observational evidence of ACS recurrence and 

mortality risk associated with elevated depressive symptoms.25 Patients were not eligible 

until at least 2 months after the ACS event to exclude those with a transient increase in 

depressive symptoms, which often spontaneously remit after the ACS event and may carry a 

lower prognostic risk.26,27

Recruitment, enrollment, and informed consent

To further align with our pragmatic design, each site worked within their capabilities (e.g., 

resources, workflows, and EMRs) to identify patients based on the above eligibility criteria. 

Sites identified potentially eligible patients by screening either the EMR or, when 

applicable, the healthcare organization’s insurance claims. Sites searched for potentially 

eligible participants primarily by identifying those with a recent documented ACS and by 

excluding those with depression history and other ineligible conditions based on ICD codes. 

Three sites sent an email and/or a letter introducing the study to potentially eligible patients 

with a link to an on-line eligibility questionnaire delivered 2 to 12 months after the ACS 

event. Participants learned that the study was about understanding the benefits of screening 

for depressive symptoms, with the exact wording customized by site. Those who did not 

complete the initial on-line eligibility questionnaire were contacted by phone to complete 

the questionnaire. A fourth site (New York-Presbyterian Hospital) provided potentially 

eligible patients with a study information sheet while hospitalized for the index ACS, and 

then contacted them by phone 2–12 months later to complete the eligibility questionnaire.

Patients who expressed interest in the study and remained eligible after completing the 

eligibility questionnaire then provided verbal informed consent by phone to be randomized. 

The consent forms reiterated that the study aimed to understand the benefits of screening for 

elevated depressive symptoms in cardiac patients. At this time, they also completed a 

baseline questionnaire which included age, sex, race, ethnicity, country of birth, education, 

language, partner status, and health insurance coverage.

Randomization, allocation, and blinding

Patients were randomized in a 1:1:1 ratio to one of three groups: 1) systematic depression 

screening with notification of primary care providers (PCP) and invitation to participate in 

patient-preference, stepped care depression treatment (Screen, Notify, and Treat), 2) 

systematic depression screening with notification of PCPs for positive screens, only (Screen 

and Notify), and 3) usual care (No Screen). Randomization was stratified by site and was 

generated using a random number generator in SAS version 9.4. Randomization assignments 

were made in block sizes of 3, 6, or 9 patients. Randomization occurred after an unblinded 
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research assistant (RA) logged onto a secure website and entered required information about 

the participant (e.g., eligibility status and study site). Concealment was ensured as the 

randomization assignment only became visible to the RA after all necessary information 

about the participant had been entered. The RA then completed the visit according to the 

group to which the patient was assigned (see Interventions section, below). Randomization 

allocation was otherwise only known to the unblinded RA. To mask outcomes assessments, 

all subsequent study visits are currently being conducted by a different RA blinded to 

randomization assignment.

Interventions

1. Depression Screen, Notify and Treat

Patients assigned to the Screen, Notify, and Treat group were screened for depression using 

the 8-item Patient Health Questionnaire (PHQ-8). Both the PHQ-9 and PHQ-8 have good 

sensitivity and specificity for detecting depressive disorders in patients with cardiovascular 

disease,28 but the PHQ-8 omits the item asking about suicidal ideation and is thus ideally 

suited for research studies in which assessments are administered remotely. Patients with 

clinically significant depressive symptoms (PHQ-8 score ≥10) had their PCP and/or treating 

cardiologist notified of their elevated depressive symptoms via letter.

Patients with elevated depressive symptoms were provided with education regarding 

depression treatment options and offered a 6-month course of patient-preference, stepped 

care depression treatment regardless of insurance status following the format used in our 

previously published CODIACS trial.29 An unblinded RA provided patients with 

information about the following depression treatment options: telephone-delivered problem 

solving therapy (PST), antidepressant medication, both, or neither (Insert Figure 1). A team 

comprising the unblinded site coordinator, the central PST therapist (based at the Center for 

Behavioral Cardiovascular Health), and a site medication prescriber (psychiatrist, internist, 

or psychiatric nurse practitioner with prescribing privileges), then delivered the stepped care 

treatment based on patient preference. Patients notified that depression treatment was 

merited still had the option to seek depression treatment from their regular healthcare 

provider(s) rather than the study-provided treatment.

Problem Solving Therapy—PST is a relatively brief, goal-oriented, collaborative, and 

emotionally supportive form of treatment, that can be easily adapted to typical psychosocial 

problems and mild-to-moderate depression commonly observed in cardiac populations.30 

Similar to protocols used in prior studies, patients who chose PST received sessions by 

telephone,3132,33 PST is a protocol-driven and problem-focused form of cognitive-

behavioral therapy that teaches patients how to systematically solve psychosocial problems 

that can perpetuate depression and that is tailored to specific problems faced by patients.34 

PST was delivered centrally from the coordinating center at Columbia University by a 

licensed clinical social worker with expertise in PST. Sessions initially occurred weekly, 

with each session lasting up to 60 minutes. Treatment was augmented according to an 

algorithm (Figure 1). As depressive symptoms improved, session frequency was decreased 

to every 2 weeks, and if progress continued, the frequency was further reduced.
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Antidepressant Medication—Patients who chose medication therapy are scheduled to 

meet with a site clinician, either a psychiatrist, internist, or nurse practitioner with expertise 

in mental health care, that could prescribe antidepressant medications. Antidepressant 

medication options included sertraline as first-line treatment and bupropion for treatment 

failure. Patients prescribed antidepressant medications were evaluated 1 week after initiating 

medication, and then every 1–2 weeks after dose titrations. The focus of these treatment 

contacts was to re-evaluate depressive symptoms and to detect adverse effects of medication. 

A more formal assessment of responsiveness to antidepressants occurred as part of the 

stepped care algorithm every 6–8 weeks.

Centralized Stepped Care Algorithm—Patients with elevated depressive symptoms 

who agreed to depression treatment by the study team subsequently underwent systematic 

tracking of depressive symptoms using the 10-item Center for Epidemiologic Studies 

Depression (CESD-10) scale every 6–8 weeks, with depression treatment adjusted according 

to a stepped-care algorithm with predefined decision rules (Figure 1).35 For those who 

started with both treatments, the augmentation procedures were determined by patient 

preference. A centralized psychiatrist was available to meet with both the PST specialist and 

medication prescriber bi-weekly to discuss active patients and participant issues as well as to 

jointly determine stepped-care decisions within the patient-chosen therapy. Successful 

treatment response was defined as CESD-10 ≤4 on two consecutive treatment sessions at 

which time patients review a relapse prevention plan and transition back to their PCPs.

2. Depression Screen and Notify

Similar to patients assigned to the Screen, Notify and Treat group, patients assigned to the 

Screen and Notify group were systematically screened for depression using the PHQ-8. 

Patients’ cardiologists and/or PCPs were notified in writing if a patient screened positive for 

depression (PHQ-8 score ≥10). Subsequent depression treatment decisions were made by the 

patient’s treating providers. Such patients were not eligible for centralized, patient-

preference driven stepped depression care provided by study clinicians.

3. No Depression Screen (control group)

Patients assigned to the No Depression Screen group were not systematically screened for 

depression using the PHQ-8. Patients received usual care from their treating providers, and 

were eligible to seek mental health screening and/or treatments at their own discretion.

Primary Outcome

Quality-Adjusted Life Year (QALYs)

The primary outcome is change in QALYs from baseline through 18 months post-

randomization. QALYs describe the duration of illness per years of survival, adjusted for 

quality of life experienced during that survival. One year in perfect health is equivalent to 1 

QALY. All patients will complete a standardized measure of quality of life using the Short 

Form-12 Health Survey, Version 2™ (SF-12) at baseline, and again at 6-months, 12-months, 

and 18-months.36 QALYs will be estimated from the SF-12 using the Short Form 6 Duration 

(SF6D) which converts data from 7 items in the SF-12 assessing 6 domains (physical 
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functioning, role limitations, social functioning, pain, mental health and vitality) to QALYs.
37 Extensive validation, including construct validity, published normative data, and 

sensitivity to change have all been published for this scale.38–41 It has been used extensively 

in cost-effectiveness analyses of screening or treatment interventions and has successfully 

been used to assess the impact of depression interventions in other patient groups, allowing 

comparability with other data and settings.42 Change in QALYs were selected as the primary 

outcome to facilitate comparisons of the effect of depression screening with the effects of 

other preventive interventions. As QALYs do not directly assess depression, this outcome 

measure also minimized possible patient reporting bias as a result of lack of participant 

blinding or masking to condition. Accordingly, change in QALYs was the outcome we 

selected to determine whether the trial was a success, and was the sole outcome used to 

estimate our sample size. QALYs across 18 months will be calculated as the area-under-

curve by interpolating linearly the scores at the four assessments.

Secondary Outcomes

Depression-free days will be calculated by using linear interpolation to estimate daily 

depression severity at each of the three follow-up assessment time points for the 3 study 

arms. To assess baseline and follow-up depressive symptoms across intervention arms, all 

patients will complete the 10-item Center for Epidemiologic Studies Depression (CESD-10) 

scale, a reliable and valid measurement for depressive symptoms, at baseline, 6-months, 12-

months, and 18-months.35 Depression-free days have been validated in intervals as long as 6 

months.43 The CESD-10 is a short version of the original 20-item scale. The scores range 

from 0 to 30, and a score of 10 or greater is considered significant. The CESD-10 will be 

used to estimate depressive symptoms throughout the trial. For calculations, we will convert 

a CESD score to a prorated depression day (Supplementary Material 2). Second, the 

prorated depression day will be used for interpolation to calculate depression days and then 

the depression free days will be calculated by subtracting the depression days from the total 

trial duration. Because the CESD-10 is considered an epidemiologic survey and not a 

diagnostic instrument, intervention among those with elevated scores in the No Depression 

Screen group is not mandated. Of note, the PHQ8 was chosen as the screening modality as it 

is more diagnostic and will be re-administered at 18-months for all 3 arms.

Health Care Costs and Lost Productivity

At baseline, 6-months, 12-months, and 18-months, patients will report measures of 

economic productivity, including employment status, occupation, hours spent at work, and 

time lost from work for health-related reasons.44 At 6-months, 12-months, and 18-months, 

patients will also report healthcare utilization since their last intake assessment, including 

emergency department (ED) visits, hospitalizations (location, admission and discharge 

dates), psychiatric medication use, name and dose, ambulatory care visits with mental health 

specialists, cardiologists, as well as PCPs and finally hospitalizations for cardiovascular 

events (Table 2). While we will not collect notification acknowledgement from the PCPs, we 

will ask patients about depression treatment at each follow up visit, which will further 

explain any potential improvements in these arms. Patient self-reports of healthcare 

utilization will be supplemented by review of the EMR and claims systems to collect data on 
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healthcare utilization during the 18-month trial period. Average Medicare reimbursement 

rates according to diagnosis-related groups will be applied to inpatient visits to estimate 

hospitalization costs, and the Medicare physician fee schedule will be applied to outpatient 

and ED resource use according to current procedural terminology codes. Costs of study 

depression treatment will also be incorporated into estimates of healthcare utilization costs 

for those assigned to the Screen, Notify, and Treat group who agree to depression treatment 

by study personnel. To estimate economic costs from a societal perspective, changes in 

productivity and time spent traveling to appointments will also be accounted for. Costs will 

be standardized across years using the U.S. Consumer Price Index and presented in U.S. 

dollars.45 Of note, cost of health care utilization was erroneously listed as a co-primary 

outcome on the initial clinicaltrials.gov entry; this was corrected to being listed as a 

secondary outcome on clinicaltrials.gov prior to completion of data collection or any interim 

data analyses (change made on October 25, 2017). Further justifying cost-effectiveness as a 

secondary outcome, cost-effectiveness analyses were not guided by economic hypotheses 

involving statistical tests and sample size calculations for incremental cost-effectiveness 

ratios were never attempted.

Additional Measures

To further assess potential adverse consequences of depression screening and treatment, a 

symptom checklist assessing appetite, drowsiness/fatigue, insomnia, sexual side effects, 

gastrointestinal upset, and gastrointestinal bleeding will be administered at baseline, 6-

months, 12-months, and 18-months. A summary of the timing of key measurements is 

provided in Table 1.

Statistical Analyses

Baseline characteristics were examined as means (standard deviation) or percentages by 

randomization assignment and site to assess for a balanced allocation. CESD-10 

questionnaire with missing data were prorated if that participant answered more than 7 

items. (There was only 28 (1.9%) participants whose CESD-10 score was prorated). All 

future analyses will use the principle of intention-to-screen.

Quality-adjusted life years

Change in QALYs from baseline through 18 months post-randomization will serve as the 

primary outcome for this trial. The goal of the primary analysis is to identify whether there 

is difference in QALYs among the three groups. We plan to perform a two-step gate-keeping 

test procedure: We will first perform an F-test using ANOVA, and then proceed to do all 

three pairwise comparisons using two-sided t-test at 5% nominal significance only if the F-

test has a p-value less than 0.05. With three randomization groups and three pairwise 

comparisons, this two-step procedure can be shown to preserve the familywise error rate in 

the strong sense, that is, a false positive comparison will occur at most with 5% probability 

under all possible scenarios.46,47 This method is also generally more powerful than 

Bonferroni’s adjustments. We opted to use change in QALY as the primary endpoint as it’s a 

conventional way to summarize longitudinal quality of life data, and analyze the data using 

Moise et al. Page 9

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://clinicaltrials.gov
http://clinicaltrials.gov


ANOVA without additional assumption on the variance-covariance structure of the data. All 

time points will be included (Supplementary Material 1.

In a secondary analysis, we will use a mixed model with a random intercept to assess the 

change in quality of life over time comparing individuals in the Screen, Notify, and Treat 

group vs. the other two randomization groups. Specifically, this model will include time (0-, 

6-, 12-, and 18-month) and randomization group as main effects, and the time-by-group 

interaction. Under this model and randomization, we expect that there will be no main effect 

of randomization group. Also, a significant interaction will indicate difference in the 

trajectory of quality of life between groups. Additionally, under the mixed model regression 

framework, we will explore non-linear time trend by including a quadratic term for time, and 

we will explore adjusted analyses by including other baseline covariates should imbalances 

arise between groups (Supplementary Material 1).

Depression free days. We will first perform an omnibus F-test using ANOVA comparing the 

3 arms to one another, and plan to do pairwise comparisons using two-sided t0test at 5% 

nominal significance only if the omnibus F-test had a p-value less than 0.05. Tis procedure 

would control the familywise type 1 error rate at 5%.

Cost-effectiveness

We will judge the cost-effectiveness of each of the groups on the basis of incremental cost-

effectiveness ratios. The base case analysis will adopt a societal perspective with respect to 

costs and health benefits. Costs will include all healthcare costs and lost productivity as 

delineated above, and will be denominated in 2016 dollars and discounted at an annual rate 

of 3% according to recommendations from the Panel on Cost-Effectiveness in Health and 

Medicine.48 Incremental cost-effectiveness analyses for comparison of treatment groups will 

be calculated sequentially, using the ratio of the difference in average cost per participant 

divided by the difference in average QALY gained. We will first compare the strategy of 

Depression Screen, Notify, and Treat with Screen and Notify, then compare the strategy of 

Screen and Notify with No Screen. This allows us to assess whether either of the treatment 

strategies strongly dominates (i.e., lower costs but greater benefits). If no strategy strongly 

dominates, we will qualitatively compare the cost-effectiveness based on the World Health 

Organization’s recommendation of using 3 times per-capita GDP as an upper bound for cost-

effectiveness to determine if the intervention arms provide benefit in QALYs at good value.
49 The outcome variable for the cost-effectiveness analysis will be cost-effectiveness ratios 

in dollars per QALY. We will estimate confidence intervals for cost-effectiveness ratios 

using nonparametric bootstrapping with 1,000 random samples, and we will use the bias-

corrected percentile method described by Efron and others.50–53 The proportion of 

dominated-cost-effectiveness ratios, which are unfavorable and occur then incremental costs 

are higher while incremental costs are higher while incremental QALYs are lower, will be 

estimated to further inform the uncertainty analysis. The 2016 US per-capita GDP of 

approximately $58,000 equates to a cutoff of $174,000 per QALY gained https://

data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=US.

We will perform sensitivity analyses by adopting a range of ‘best and worst case’ scenarios 

for resource costs (including actual costs from the four health care systems, or from 
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estimates obtained using charge-to cost ratios), a range of initial depression prevalence, and 

depression treatment benefit (including considerations of recall bias for self-reported 

measures). We will also recalculate the incremental cost-effectiveness ratios separately by 

health care system, so that a range by site can be presented. Nonparametric bootstrapping 

will be used to obtain 95% confidence intervals for estimates of cost-effectiveness ratios to 

determine the robustness of our results. In addition, we will repeat our baseline analysis and 

sensitivity analysis after restricting cost accounting to the payer perspective only.

Sample size

The sample size of the trial was determined based on an assumed standard deviation for 

QALYs of 0.17.54 Additionally, based on a prior study of management of depression for 

patients with cancer, we assumed a net improvement in QALYs of 0.155 over 18 months of 

follow-up for depressed individuals who receive depression treatment in the Screen, Notify 

and Treat group.55 We assumed a 0.055 gain in QALYs for all patients not directly linked to 

depression treatment (i.e., those in the No Screen group, the Screen & Notify group and 

those without elevated depressive symptoms in the Screen, Notify, and Treat group). An 

important consideration for this trial is that only 20% of patients randomized to the Screen, 

Notify and Treat group were expected to meet criteria for elevated depressive symptoms and 

thus, to receive depression treatment. Therefore, assuming an increase in QALYs of 0.21 

(0.055 background improvement + net improvement of 0.155) over the 18-month follow-up 

period for the 20% of patients diagnosed and treated for depression in the Screen, Notify, 

and Treat group and a 0.055 improvement in QALYs for the 80% of patients in this 

randomization group without depression, an overall gain in QALYs of 0.086 over the 18 

month follow-up period was anticipated in this randomization group (0.21 * 0.2 + 0.055 * 

0.8 = 0.086). Thus, we anticipated a difference in QALYs of0.031 (0.086 change in the 

Screen, Notify, and Treat group minus 0.055 in the No Screen group or Screen and Notify 

Group), leading to an expected effect size of 0.18 (= 0.031/0.17). With this effect size, we 

determined the sample size per group to be 475, which would yield 80% power for a two-

sided t-test at 5% level. We chose to determine sample size based on a pairwise comparison 

at 80% power in the two-step procedure (described above), as a conservative approach 

relative to powering based on the F-test. Specifically, under the scenario where one group 

has higher QALY than the other two by an effect size 0.18, the F-test will yield 84% power. 

Adding in 5% loss to follow-up, we selected an overall sample size of n=500 in each 

randomization group for an overall sample size of n=1500.

Baseline Results

Recruitment took place from January 1, 2014 to April 30, 2017. In total 9,671 patients 

underwent EMR screening for eligibility, and 5332 were attempted to be contacted to 

complete a study eligibility screening questionnaire (Insert Figure 2). Of these, 4039 patients 

were reached and assessed for eligibility by completing an on-line or telephone screen, and 

1,501 patients ultimately provided informed consent to be randomized into the RCT. One 

patient requested to have all data withdrawn (n=1), leaving 1,500 patients available to be 

analyzed in the trial (499, Screen, Notify, and Treat; 501, Screen and Notify; and 500, No 

Screen).
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Mean age (standard deviation) of patients was 65.9 (11.5) years old; 71.7% were male; 

16.3% were Hispanic; and 8.8% were black (Table 3). The average CESD-10 score at 

enrollment was 4.8 (4.8) and 14.1% had a CESD-10 score ≥10, indicative of elevated 

depressive symptoms. Of those in the depression screen arms, 38 (7.7%) in the screen, notify 

and treat group and 33 (6.6%) of screen and notify group screened positive for depression 

(PHQ-8 score ≥10); participants in the No Screen group did not complete the PHQ-8. There 

were no notable differences in baseline sociodemographic, medical, or psychiatric 

characteristics between the three groups.

As expected given the geographic diversity of our sites, there were substantial differences in 

key demographics across the four sites, including a higher proportion of Hispanics and lower 

educational attainment at the New York City site and a higher proportion of blacks enrolled 

from Duke University Health System in North Carolina (Table 4). In addition, patients 

recruited from HealthPartners in Minnesota had the lowest depressive symptom scores.

Discussion

We have described the rationale and design of a multicenter randomized trial assessing the 

effectiveness of a widely recommended depression screening and treatment intervention in 

ACS survivors. We demonstrate successful recruitment of a diverse sample of ACS 

survivors, broadly representative of ACS-survivors across the United States. Strengths of our 

design include its pragmatic nature which increase the applicability of our results to health 

systems around the country. If effective at improving quality of life in a cost-effective 

manner, our centralized depression screening, notification, and treatment intervention may 

provide a way for health systems to broadly disseminate enhanced depression care 

strategies, even among health care systems without easy access to mental health resources 

for all patients. On the other hand, if our systematic depression screening intervention does 

not prove itself to be more effective than usual care, then it may suggest a need to reconsider 

depression screening recommendations.

Ours is among the first depression screening trials to assess the effect of direct depression 

screening in patients with no prior history of depression. Few if any rigorous depression 

screening RCTs using this criterion have ever been conducted, even among the more general 

patient population.18 Thus, our trial will have the opportunity to inform depression screening 

guidelines more broadly. Likely as a result of rendering ineligible those with a past history 

of depression or antidepressant use, we identified a lower than expected prevalence of 

elevated depressive symptoms (14% by CESD-10 and 7% by PHQ-8). Relatedly, we also 

identified differences in the prevalence of depression between sites. Site-specific differences 

in depression screening policies at primary care practices affiliated with our sites may have 

differentially impacted the ability of centralized depression screening approach to identify 

previously undetected cases of depression. Although cost-effectiveness analyses remain to 

be conducted, this low prevalence of positive depression screens among post-ACS 

individuals with no history of depression decreases the opportunity for systematic 

depression screening and linkage to depression treatment to be a cost-effective approach, if 

screening is to be for undetected and untreated patients as many experts believe.19 In 

addition, our baseline data reveals the large number of patients that need to be screened to 
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identify positive depression cases, farther suggesting the limited opportunity for 

improvement with systematic screening given the low yield.

A few limitations will need to be considered when evaluating our data. As mentioned above, 

we excluded patients who reported a prior history of depression or antidepressant use. 

Patients with a history of depression still have potential to benefit from a systematic 

assessment of depressive symptoms after ACS as symptoms may worsen and/or may be sub-

optimally treated, and this trial will not be able to comment on the effectiveness of 

systematically monitoring depressive symptoms in such patients.56 Further, the exclusion of 

those with a history of depression in the final study protocol may have contributed to our 

lower than expected prevalence of positive depression screens at baseline. This low case 

detection rate may have reduced the statistical power of our study. Nonetheless, even if we 

have lower than expected power to detect differences in QALYs between depression 

screening strategies, the assumptions used in our power calculation (i.e., standard deviation 

of QALYs equal = 0.17) will allow us to estimate a 95% confidence interval width of 0.02 

QALY, which is quite narrow. Thus, even if the trial is negative, (i.e., no statistically 

significant difference in QALYs by depression screening strategy), we will still be able to 

confidently conclude that the effect of depression screening, if any, is small and of 

questionable clinical significance.

Our reliance on a centralized approach to depression screening may have led to a lower 

uptake of depression screening (about 1 in 4 ACS patients declined to be screened) than if 

screening was implemented within the post-ACS clinical care setting, and we did not follow 

those who declined to assess the degree to which they differed from participants. That said, 

depression screening is often sub-optimally implemented in care settings with only a 

fraction of eligible patients screened, and a systematic, centralized process within integrated 

health care systems has the potential for greater reach than relying on front-line clinicians. 

The screening and consent process explained that the goal of the study was to assessed the 

benefit of screening for “elevated depressive symptoms” in cardiac patients, and this may 

have influenced participants’ willingness to participate. To avoid excessive contacts, we 

farther used 6-month intervals for the computation of depression free days, which may result 

in imprecise estimates. There is, however, precedent for intervals of this duration in prior 

literature.43 In recent years, depression screening has become more common in primary 

care-based settings, potentially decreasing opportunity to identify new positive depression 

screens through our centralized screening approach. In fact, the lower rates at HealthPartners 

may have been due to their better depression detection rates and EMR documentation, 

potentially resulting in fewer undiagnosed cases. The use of centralized, telephone-delivered 

psychotherapy as opposed to in-person psychotherapy in the intervention arm may also have 

influenced depression treatment acceptability, all potentially resulting in differing effect 

estimates than were used in our power calculations. Furthermore, we used the PHQ-8 to 

screen for depression in lieu of the full PHQ-9, partly in response to participant safety 

concerns raised by our DSMB. Nevertheless, prior research suggests that the omitted ninth 

item, which assesses suicidality, is rarely positive and may not be an accurate suicide screen 

in CAD patients, making the PHQ-8 a better option57 The PHQ-8 is also highly correlated 

with the PHQ-9,58 and has a high specificity (91%) for detecting probable depression case 

status compared with a psychiatric interview in ACS patients.59 Also, direct comparisons in 
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regards to screen and treat arm will only apply to management and not screening parse, 

while comparisons between no screen and screen and treat arms will confound screening and 

better management options; we will not able to compare screening and depression 

management to the same management without screening, the ideal scenario. Nonetheless, if 

the screen and treat arm does not result in better health outcomes than the no screening arm, 

we will be able to conclude that screening is not a beneficial strategy. Furthermore, while 

recent trials suggest long-term benefits of depression treatment,60 18 months or shorter have 

been used widely in this literature in assessing quality of life.61,62 A final limitation is that 

our sample is limited to post-ACS patients. Patients with other cardiac diseases including 

stable CHD and heart failure are also susceptible to increased rates of depression and worse 

depression-associated outcomes. Our study will not provide direct evidence to inform 

depression screening guidelines in these patient populations.

These limitations notwithstanding, the CODIACS-QOL trial will be one of the largest 

depression screening trials conducted in any patient population. The results from this trial 

will provide a greater understanding of the costs and benefits of depression screening in 

ACS survivors. Accordingly, the results of this trial will bring the highest level of evidence 

to inform the next generation of depression screening guidelines in cardiac patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Stepped Care Algorithm for CODIACS-QOL Trial Patients Assigned to the Screen, Notify, 

and Treat Group with Elevated Depression Scores
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Figure 2. 
Screening, Enrollment, and Randomization of Acute Coronary Syndrome Patients in 

CODIACS-QOL Trial
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Table 1.

Schedule and Timing of Key Measurements and Procedures for CODIACS-QOL Trial

Data Collected Baseline 6 month follow-
up

12 month follow-
up

18 month follow-
up

Consent X

Socio-demographics X

Depressive symptoms (CESD-10) X X X X

Patient Health Questionnaire (PHQ-8)
a X X

Depression Treatment Preference
b X

Self-reported health service use X X X X

Quality of life scale (SF-12) X X X X

Interim depression treatment/care, work days missed, 
unemployment

X X X

Healthcare utilization (outpatient, ED, hospital) X X X

Symptom checklist X X X X

a
Depression Screen, Notify and Treat and Depression Screen and Notify groups only

b
Depression Screen, Notify and Treat group only (in positive depressions screens)

Abbreviations: SF-12, 12-item Short Form Version 2™ survey; ED, emergency department; CESD-10, 10-item Center for Epidemiologic Studies 
Depression scale
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Table 2.

Health Care Costs and Productivity Measures to be Collected for the CODIACS-QOL Trial

From Electronic 
Medical Record

From Patient Report From Trial Study 
Staff

Total Depression Treatment Costs

Depression screening cost X

Antidepressant cost, therapy cost, other mental health visits X X X

Depression-free days X

Time spent by patient in screening/treatment X

Total Non-Depression Costs

Primary care, Emergency Department/urgent care, and other 
medical visits; diagnostic, inpatient, and other outpatient services

X X

Days able to work/impact on work and leisure productivity X

Transit time X
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Table 3.

CODIACS-QOL Trial Baseline Patient Characteristics Overall and by Randomization Group Assignment
a

Variables Overall (N=1,500) Screen, Notify and Treat 

(n = 499)
b

Screen and Notify (n = 
501)

No Screen (n = 500)

Age in years, mean (SD) 65.9 (11.5) 66.2 (11.3) 65.8 (11.7) 65.8 (11.7)

Male 1076 (71.7%) 357 (71.5%) 364 (72.7%) 355 (71.0%)

Ethnicity

 Hispanic 244 (16.3%) 82 (16.4%) 88 (17.6%) 74 (14.8%)

 Non-Hispanic 1218 (81.2%) 406 (81.4%) 402 (80.2%) 410 (82.0%)

 Refused/Unknown 38 (2.5%) 11 (2.2%) 11 (2.2%) 16 (3.2%)

Education

 High school or lower 536 (36.0%) 191 (38.7%) 178 (35.7%) 167 (33.7%)

 Some college 336 (22.6%) 105 (21.3%) 119 (23.9%) 112 (22.6%)

 College and higher 615 (41.4%) 197 (40.0%) 201 (40.4%) 217 (43.8%)

Married 966 (64.9%) 318 (64.2%) 336 (67.5%) 312 (62.9%)

Covered by health insurance 1432 (96.0%) 475 (95.8%) 482 (96.6%) 475 (95.8%)

Race

 White 1080 (73.5%) 353 (71.7%) 368 (75.6%) 359 (73.3%)

 Black 130 (8.8%) 47 (9.6%) 37 (7.6%) 46 (9.4%)

 Other 259 (17.6%) 92 (18.7%) 82 (16.8%) 85 (17.3%)

PHQ-8 score ≥10 N/A 38 (7.7%) 33 (6.6%) N/A

CESD-10 score, mean (SD) 4.8 (4.8) 4.9 (5.1) 4.8 (4.9) 4.7 (4.5)

CESD-10 score ≥ 10 210 (14.1%) 72 (14.6%) 65 (13.0%) 73 (14.8%)

SF-12 Mental score, mean (SD) 54.0 (9.0) 54.0 (9.6) 53.8 (9.0) 54.2 (8.4)

SF-12 Physical score, mean (SD) 43.0 (11.8) 42.5 (11.8) 44.2 (11.5) 42.2 (11.9)

Employed 606 (40.7%) 205 (41.7%) 198 (39.6%) 203 (40.9%)

a
Data are presented as N (%) unless otherwise specified; N in denominator may vary due to missing data, but fewer than 5% missing for any 

category.

b
1 participant withdrew and as such their data is not reported here.
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Table 4.

CODIACS-QOL Trial Baseline Patient Characteristics by Study Site
a

Variables Columbia-New York 
Presbyterian (n = 631)

Kaiser Permanente (n 
= 522)

Health Partners (n 
= 304)

Duke University 
Health System (n = 

43)

P-value

Age in years, mean (SD) 65.3 (11.9) 68.7 (11.1) 62.7 (10.8) 65.6 (10.5) <0.001

Male 460 (72.9%) 356 (68.2%) 231 (76.0%) 29 (67.4%) 0.08

Hispanic 228 (36.1%) 13 (2.5%) 3 (1.0%) 0 (0%) <0.001

Education <0.001

 High school or lower 272 (43.6%) 147 (28.3%) 105 (34.9%) 12 (27.9%)

 Some college 117 (18.8%) 161 (31.0%) 44 (14.6%) 14 (32.6%)

 College and higher 235 (37.7%) 211 (40.7%) 152 (50.5%) 17 (39.5%)

Married 364 (58.1%) 354 (68.7%) 219 (72.0%) 29 (67.4%) <0.001

Covered by health 
insurance

594 (95.2%) 502 (96.5%) 296 (97.4%) 40 (93.0%) 0.27

Race

 White 311 (51.0%) 464 (90.1%) 279 (92.7%) 26 (60.5%) <0.001

 Black 95 (15.6%) 9 (1.7%) 11 (3.7%) 15 (34.9%)

 Other 204 (33.4%) 42 (8.2%) 11 (3.7%) 2 (4.7%)

CESD-10 score, mean 
(SD)

5.3 (5.2) 5.3 (4.9) 2.8 (3.0) 5.9 (5.7) <0.001

CESD-10 score ≥ 10 107 (17.1%) 82 (15.9%) 12 (3.9%) 9 (20.9%) <0.001

a
Data are presented as N (%) unless otherwise specified; N in denominator may vary due to missing data, but fewer than 5% missing for any 

category.

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.


	Abstract
	Background
	Design Overview
	Study Setting
	Eligibility criteria
	Recruitment, enrollment, and informed consent
	Randomization, allocation, and blinding
	Interventions
	Depression Screen, Notify and Treat
	Problem Solving Therapy
	Antidepressant Medication
	Centralized Stepped Care Algorithm

	Depression Screen and Notify
	No Depression Screen (control group)

	Primary Outcome
	Quality-Adjusted Life Year (QALYs)

	Secondary Outcomes
	Health Care Costs and Lost Productivity
	Additional Measures

	Statistical Analyses
	Quality-adjusted life years
	Cost-effectiveness

	Sample size
	Baseline Results
	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

