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Abstract

Background—Positive psychological constructs, especially optimism, have been linked with 

superior cardiovascular health. However, there has been minimal study of positive constructs in 

patients with acute coronary syndrome (ACS), despite the prevalence and importance of this 

condition. Furthermore, few studies have examined multiple positive psychological constructs and 

multiple cardiac-related outcomes within the same cohort to determine specifically which positive 

construct may affect a particular cardiac outcome.

Materials and methods—The Gratitude Research in Acute Coronary Events (GRACE) study 

examines the association between optimism/gratitude 2 weeks post-ACS and subsequent clinical 

outcomes. The primary outcome measure is physical activity at 6 months, measured via 

accelerometer, and key secondary outcome measures include levels of prognostic biomarkers and 

rates of nonelective cardiac rehospitalization at 6 months. These relationships will be analyzed 

using multivariate linear regression, controlling for sociodemographic, medical, and negative 

psychological factors; associations between baseline positive constructs and subsequent 

rehospitalizations will be assessed via Cox regression.

Results—Overall, 164 participants enrolled and completed the baseline 2-week assessment; the 

cohort had a mean age of 61.5 +/− 10.5 years and was 84% men; this was the first ACS for 58% of 

participants.
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Conclusion—The GRACE study will determine whether optimism and gratitude are 

prospectively and independently associated with physical activity and other critical outcomes in 

the 6 months following an ACS. If these constructs are associated with superior outcomes, this 

may highlight the importance of these constructs as independent prognostic factors post-ACS.
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1. Introduction

Each year, 1.1 million Americans are hospitalized for an acute coronary syndrome (ACS; 

myocardial infarction [MI] or unstable angina [UA]).1 Among post-ACS patients, 

approximately 20% will be re-hospitalized for ischemic heart disease or suffer mortality 

within the next year.2 It is therefore critical to identify factors that may protect against 

adverse events and improve overall prognosis during the high risk post-ACS period.

Psychological factors may play an important role in post-ACS prognosis. Depression 

following ACS has been associated with recurrent cardiac events, rehospitalizations, and 

death, independent of sociodemographic factors or medical illness severity,3 and has been 

declared an official risk factor for poor prognosis following ACS by the American Heart 

Association.4 Likewise, elevated anxiety symptoms and formal anxiety disorders have been 

associated with adverse events in patients with cardiovascular disease, including those with 

an ACS.5,6 In contrast, positive psychological factors may have a beneficial impact on 

cardiac prognosis. Several syntheses of the literature have found that positive psychological 

well-being is associated with superior cardiac health7,8 and reduced mortality in patients 

with medical illness;9 such connections are typically independent of traditional risk factors 

and above and beyond the adverse effects of depression. Optimism (a general expectation 

that the future will be favorable) in particular may be associated with superior medical 

outcomes in those with and without known heart disease, with several large longitudinal 

studies and a large meta-analysis finding links between optimism and superior cardiac 

prognosis.8,10,11 These positive constructs may be especially related to physical activity and 

other cardiac health behaviors, as several prior studies have found links between positive 

psychological well-being and increased activity, healthier diet, and reduced rates of 

smoking.12–14

However, critical gaps in the literature exist. First, there has been minimal study of the 

prognostic impact of positive psychological constructs following an ACS, despite the high 

rates of adverse events in this population. Such studies could inform post-ACS assessment 

and interventions. Second, gratitude (a general disposition to appreciate and be thankful for 

people, events, and experiences in one’s life) is a commonly experienced psychological state 

following an ACS; approximately one-half of post-ACS patients experience increased 

gratitude.15 However, there has been minimal study of the association of gratitude with 

cardiac prognosis. Third, relatively few studies exploring positive psychological constructs 

and health outcomes have examined more than one positive state to assess whether one 

construct may be more or less prognostically important. Finally, very few investigations in 

Huffman et al. Page 2

Contemp Clin Trials. Author manuscript; available in PMC 2017 January 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



this field have simultaneously examined the prospective effects of positive psychological 

well-being on biological, behavioral, and clinical outcomes to parse the potential 

mechanistic effects of positive constructs.

Accordingly, in the Gratitude Research in Acute Coronary Events (GRACE) study, we will 

examine the prospective effect of optimism and gratitude, measured 2 weeks post-ACS, on 

subsequent health behaviors, prognostic biomarkers, and clinical outcomes over the 

subsequent 6 months.

2. Study methods

2.1 Overview

This is a prospective observational study of the impact of baseline gratitude and optimism 

over a 6 month follow up period on health-related outcomes of patients hospitalized for an 

ACS. Patients were enrolled in the hospital, will have in-person study visits 2 weeks post-

ACS and 6 months later, and will complete interim self-report assessments by phone at 3 

months (Figure 1).

The primary outcome measure for the study is physical activity, measured by accelerometer, 

at 6 months. The enrollment goal for the project was a minimum of 150 patients; enrollment 

is now complete. Approval from the Partners Healthcare Institutional Review Board (IRB) 

for the full protocol was obtained prior to commencement of study procedures.

2.2 Eligibility criteria

To be potentially eligible, patients were required to be admitted to one of three cardiac units 

at MGH, an urban academic medical center, for an ACS.

2.2.1 Cardiac inclusion criteria—To receive a diagnosis of ACS, patients had to meet 

criteria for MI or UA. For MI, potential subjects met established consensus criteria,16 

specifically: (1) elevation of cardiac biomarkers (cardiac troponin) in addition to: (2) 

symptoms of ischemia (e.g., acute chest pain), (3) ischemic changes on electrocardiogram 

(e.g., ST-segment elevation or ST-depression and T-wave inversions), or (4) imaging 

evidence of new loss of viable myocardium or new regional wall motion abnormality. For 

UA, subjects met formal standardized criteria used in prior cardiac studies:17, 18 (1) 

crescendo angina, (2) new onset (within 1 month) angina with minimal exertion, or (3) 

angina with minimal exertion or at rest. When unclear, diagnoses were adjudicated by the 

study cardiologist (J.J.).

2.2.2. Exclusion criteria—Patients were excluded if they had: (1) a periprocedural ACS 

(ACS occurring in the setting of another medical procedure), (2) a condition likely to alter 

biomarkers of interest, (3) a medical condition likely to be terminal within the timeframe of 

the study, (4) an unrelated condition limiting physical activity, (5) an inability to 

communicate in English, or (6) a cognitive disturbance that precluded participation or 

informed consent, as identified using a six-item cognitive screen designed to assess 

suitability for research participation.19
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Patients with a periprocedural ACS (e.g., type 4 or type 5 MI16) were excluded due to 

concerns that such events may occur in the absence of structural heart disease and likely 

represent a different pathophysiology, course, and prognosis than those with ‘endogenous’ 

ACS. It is true that such patients, who may have cardiovascular systems that are especially 

prone to (physical or emotional) stress-related cardiac events, may have even greater 

associations between well-being and cardiac outcomes. However, to maintain the most 

homogeneous cohort for this project, they were excluded from this initial trial.

Conditions likely to alter biomarkers of interest included renal failure requiring 

hemodialysis, and some inflammatory illnesses (systemic lupus erythematosus, 

inflammatory bowel disease, and Wegener’s granulomatosis) that could substantially alter 

markers of inflammation. Those unable to complete physical activity due to an unrelated 

medical condition (e.g., arthritis) were excluded because such a condition would impair 

measurement of the primary study outcome (physical activity in steps). Determination of 

exclusion criteria were made in conjunction with the primary medical team (e.g., regarding 

comorbid or terminal conditions) with consultation and adjudication from the study team 

cardiologist (JJ) as needed.

2.3 Recruitment, enrollment, and informed consent

Identification of potentially eligible patients was performed via several steps. Patients 

admitted for an ACS to one of the three cardiac units were identified via a daily review of 

the patient census. If a potential participant was identified, a study staff member notified one 

of the patient’s clinicians (physician, nurse, or nurse practitioner), who then asked the 

patient if they were willing to hear about an optional study. If the patient was amenable, a 

physician investigator explained the rationale, procedures, risks, and benefits of the study. 

The study staff member then assessed for inclusion and exclusion criteria (e.g., presence of 

cognitive deficits on six-item screen) via interview. For patients meeting all study criteria, 

written informed consent was obtained by a study investigator and a baseline assessment of 

physical activity was obtained.

3. Study aims and outcome assessments

3.1 Specific aims

The aims of the study are to prospectively assess the association between optimism/gratitude 

2 weeks after ACS and (1) subsequent adherence to physical activity (primary outcome 

measure) and other health behaviors known to improve post-ACS prognosis, (2) levels of 

inflammatory and prognostic biomarkers, and (3) rates of cardiac readmission (along with 

other medical/functional outcomes), over the next 6 months.

3.2 Outcome assessment procedures

Figure 1 displays the study assessments to be used at each time point. During in-hospital 

enrollment, participants completed a detailed measure of physical activity for the preceding 

7 days via the Physical Activity Recall (PAR) 7-day recall scale.20 At the 2 week baseline 

in-person study visit, participants completed self-report measures of psychological status, 

health behavior adherence, as well as functional and medical status, and blood was collected 
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for baseline biomarker assessment. Self-report measures will be repeated at 3 months. 

Immediately preceding the 6 month follow-up visit, participants will wear an accelerometer 

to measure physical activity. Finally, at the 6 month visit, we will repeat self-report measures 

and biomarkers, collect accelerometers, and gather information on readmissions from 

participants.

3.3 Data collection for baseline characteristics

Data for baseline characteristics was collected at the enrollment interview and using the 

electronic medical record at discharge to characterize our population and to control for 

specific variables in multivariate analyses. This data included sociodemographic variables 

(age, gender, ethnicity/race, and living status) and medical variables (hyperlipidemia, 

diabetes mellitus, hypertension, smoking status, prior ACS, admission diagnosis [MI or UA], 

body mass index, and length of hospitalization). We also gathered information about 

medications at discharge (aspirin, beta-blockers, angiotensin converting enzyme-inhibitors, 

angiotensin receptor blockers, statins, oral antiplatelet agents, antidepressants, and 

benzodiazepines).

3.4 Study outcome measures

3.4.1 Positive psychological variables—Optimism will be measured using the Life 

Orientation Test-Revised (LOT-R).21 The LOT-R has been validated and extensively used in 

a large number of studies examining connections between optimism and health 

outcomes.11,22,23 Example items include the positively worded “I expect more good things 

to happen to me than bad” and the negatively-worded “I hardly ever expect things to go my 

way.” Participants respond to each item with the following scale: 4=agree a lot, 3=agree a 
little, 2=neither agree nor disagree, 1=disagree a little, and 0=disagree a lot. Per 

convention,21 a total optimism score will be computed by summing the responses of all six 

items. In addition to the total optimism scale, the LOT-R contains two embedded 3-item 

optimism and pessimism subscales, with higher scores on each subscale representing higher 

optimism and lower pessimism, respectively.

Gratitude will be assessed using the Gratitude Questionnaire-6 (GQ-6).24 The GQ-6 is a 

brief, validated six-item measure of dispositional gratitude used in many prior studies.25–28 

Example items include “I have so much in life to be thankful for” and the reverse scored 

“When I look at the world, I don’t see much to be grateful for.” We selected this scale 

because it has been widely used, it has excellent psychometric properties, and it is not 

strongly correlated with negative affective states (r=−0.2 to −0.3 correlation with anxiety and 

depression).24 Its brevity is also a major advantage.

3.4.2 Physical activity and related behaviors (Aim #1 and primary study 
outcome)—Physical activity in steps per day will be collected immediately prior to the 6 

month assessment using the Fitlinxx Pebble uniaxial accelerometer (Fitlinxx, Shelton, CT). 

The Pebble is a small (size of a half dollar coin), silent device that hooks to a shoe or belt, 

measures activity in 20 minute epochs, and stores activity data for at least 2 weeks.
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Devices will be sent to participants 14 days prior to their 6 month follow-up visit. 

Participants will wear the devices and complete parallel daily physical activity logs to allow 

correlation of accelerometer data and self-reported activity. The devices will be collected at 

the 6 month follow-up visit, and step data (identified with study ID number only) will be 

offloaded from the Pebbles to the Fitlinxx server via USB connection. The Pebble records 

activity data in 20 minute epochs, and study staff trained in the software/interface will 

review and consolidate the data for each participant. Similar to other published protocols for 

measuring physical activity,29 a minimum of 6 adequate wear days will be required with a 

total of 8 confirmed hours constituting an adequate wear day. If participants fail to achieve 

adequate step data collection, they will be asked to re-wear the devices following the visit 

and to return them by mail. We specifically chose Fitlinxx accelerometers because they are 

wearable on the belt or shoe with little participant burden, have been validated against other 

pedometers and accelerometers,30 and they have been successfully used in activity 

coaching31,32 as well as a study of physical activity in patients with pulmonary disease.33 

Though these devices are classified as accelerometers, they have been most often validated 

and used to count steps rather than examine activity intensity or caloric expenditure, and 

therefore we decided upon step count as the primary activity variable.30–32

To control for baseline physical activity preceding the ACS, the PAR was completed at 

enrollment (recalling activity in the 7 days prior to admission). This scale has good test-

retest reliability34 and correlates with activity measured by diary and by accelerometer in 

medically ill persons.35 We chose to administer this measure in the hospital given the level 

of detail required for this assessment; waiting until the 2 week visit to obtain this 

information may have resulted in less detailed or less accurate recollection of baseline 

activity prior to hospitalization. The PAR will be repeated at 6 months to allow cross-

validation with step counter data.

Rationale for choice of physical activity as primary study outcome measure: We 

selected physical activity as the primary outcome measure for several reasons. First, physical 

activity plays a major role in cardiovascular and overall health, and is a key modifiable 

prognostic factor in ACS patients.36 Second, increasing physical activity is key to preventing 

the development or recurrence of many other medical illnesses;37–39 hence findings related 

to physical activity could be relevant to many medically ill persons. Third, there has been 

consistent evidence for psychological factors influencing physical activity40,41 and prior 

studies have found that both dispositional optimism and interventions targeting gratitude 

have been associated with increased physical activity.13,28 Finally, physical activity can be 

objectively measured in a relatively straightforward manner. We will use accelerometers to 

assess activity because they are often considered to be the standard for measuring habitual 

physical activity.42,43

Adherence to cardiac health behaviors (Aim #1 secondary outcome): In addition to 

physical activity, broader self-reported adherence to health behaviors will be measured using 

items from the Medical Outcomes Study Specific Adherence Scale (MOS SAS). The 

selected items from the MOS SAS assess frequency of adherence to diet, physical activity, 

and medication over the preceding month. Our group and others have used this scale (and 
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these items) to assess adherence in prior studies examining psychological factors in cardiac 

patients.44,45 At the baseline visit (2 weeks post-ACS), we inquired about health behaviors 

in the month preceding admission using this scale.

3.4.3 Biomarker outcomes (Aim #2 outcome)—For our Aim #2 analysis, we will 

examine several specific biomarkers. We will focus primarily on circulating markers related 

to systemic inflammation, given that coronary heart disease is increasingly understood as a 

disorder of inflammation, involving an ongoing inflammatory response and the presence of 

inflammatory cells in arterial plaques.46–48 Higher levels of circulating inflammatory 

markers have also been associated with increased mortality in cardiac patients,49–51 

including specific studies in post-ACS populations.52 Furthermore, psychological factors, 

including positive psychological constructs, have been associated with inflammation in non-

ACS populations.53–56

High sensitivity C-reactive protein (hsCRP) will be measured based on specific studies in 

patients finding that hsCRP shortly after an ACS is independently associated with 

mortality.57–59 Depression has been associated with higher levels of hsCRP,60 and prior 

studies examining positive psychological constructs and hsCRP have been mixed.56

Interleukin-6 (IL-6) will be measured based on its relationship with adverse cardiac 

events,61,62 and based on prior studies in patients with and without heart disease finding 

positive affect or optimism to be associated with lower levels of IL-6.56,63

Tumor necrosis factor-alpha (TNF-α) will be measured similarly because it is an 

important prognostic factor in the development of heart disease61 and is associated with 

recurrent cardiac events following ACS.64 As with IL-6, positive affect, measured using 

several different instruments, has been associated with lower levels of TNF-α.56

Soluble intracellular adhesion molecule-1 (sICAM-1) will be examined as an additional 

cardiac prognostic biomarker related to inflammation. Levels of these adhesion molecules 

are increased on the surface of vascular endothelial cells in response to stress-induced 

activation of inflammatory cytokines, and these molecules mediate pathways responsible for 

vascular inflammation.65 Prior studies of optimism have used this marker to assess 

endothelial function, and higher optimism levels have been linked in prior studies to lower 

levels of sICAM-1 in patients without pre-existing cardiac disease.63,66

Finally, in addition to these inflammation-related markers, we will measure N-terminal pro-
brain natriuretic peptide (NT-proBNP). This marker is associated with overall mortality 

risk after ACS.67,68 Mood symptoms have been linked to NT-proBNP levels in some, but not 

all, studies,69,70 but this marker has not been closely examined in prior studies of positive 

psychological constructs.

For all biomarker sample collection at 2 week and 6 month visits, blood will be collected by 

the study research coordinator. Samples are allowed to clot at room temperature for 30 

minutes and then centrifuged and the serum decanted. Samples (marked only with study ID 

number) are stored at −80°C, and will be analyzed in batch by immunoassay kits, as per 

published methods (and per the team’s prior experience analyzing these biomarkers) via the 
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MGH Research Core Laboratory (hsCRP, sICAM-1) and the Singulex Corporation (IL-6, 

TNF-α, NT-proBNP).

3.3.4 Rehospitalizations (Aim #3 outcome)

Nonelective cardiac readmissions: Data on readmissions will be collected from multiple 

sources. Subjects will be queried about all readmissions at the 6 month follow-up 

assessment, with data gathered about timing of admission, symptoms, cause, and treatment. 

In addition, study staff will contact patients’ primary medical/cardiology providers at the 

end of the 6 month study period to inquire about readmissions and their cause. This 

systematic inquiry of providers will assist in adjudication of the cause of admissions and can 

identify admissions not mentioned by the participant. Finally, participants’ electronic 

medical records across the Partners Healthcare system (the healthcare system that includes 

MGH and numerous other hospitals, sub-acute care settings, and community health centers 

throughout the Boston metropolitan area) will be systematically reviewed over the 6 month 

follow-up timeframe. For any admissions outside of the Partners system, additional records 

will be obtained with appropriate release of information to identify principal diagnosis and 

other specific details. All future admissions that had been planned at the time of discharge 

(e.g., readmission for sequential cardiac stent placement in those with complex lesions) and 

any elective admissions will be excluded from the analysis. Determination of cardiac (vs. 

noncardiac) cause for readmissions will be completed based on all available data including 

principal diagnosis; when unclear, this determination will be adjudicated by the study 

cardiologist (J.J.).

All-cause nonelective readmissions: As an exploratory outcome, we will also collect data 

on all admissions, regardless of cause; as previously, we will exclude planned and elective 

admissions.

3.4.5 Additional patient-reported outcomes (Aim #3 secondary measures)

Function: We will assess function using the Duke Activity Status Index (DASI). The 

DASI71 is a 12-item yes/no instrument that has been used to assess health status among 

cardiac patients in a wide variety of prior studies.72–74 Questions ask about different 

functional tasks, for example, “Can you do light work around the house like dusting or 

washing dishes?”

Cardiac symptoms: We will measure the presence and severity of cardiac disease with ten 

symptoms adapted from a scale used in the NHLBI Women’s Ischemia Symptom Evaluation 

(WISE) study75 (chest pain/pressure, palpitations, lightheadedness, sweating, jaw pain, arm/

shoulder pain, weakness, nausea, and indigestion) that are felt to best characterize the range 

of symptoms experienced by patients with prior ACS. We have used this scale in prior 

studies of cardiac patients,76,77 and have found it to be easy to use and well-accepted.

Health-related quality of life (HRQoL) will be measured using the Medical Outcomes 

Study Short Form-12 (SF-12) scale.78 Completion of the scale generates both a mental 

component score (MCS) and physical component score (PCS). This scale, and its parent 
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scale, the SF-36, have been used in prior studies of patients with cardiovascular disease,79,80 

including our prior trials in cardiac patients.81

Measures of negative psychological status: We will use two measures of negative 

psychological states to control for ill-being in our analyses and as a secondary outcome 

measure. For depression, we will utilize the Patient Health Questionnaire-9 (PHQ-9) score, a 

nine-item scale inquiring about the frequency of the nine symptoms of major depression in 

the prior two weeks. It has been found to have good sensitivity and specificity for major 

depression diagnosis in patients with heart disease.82–84 For anxiety, we will utilize the 

Hospital Anxiety and Depression Scale anxiety subscale (HADS-A).85 The HADS-A is an 

anxiety scale designed for use with medically ill patients; it has a minimum of somatic 

items, and has been used in multiple studies of cardiac patients,86–88 including our prior 

trials in hospitalized cardiac patients.18,76

At all assessments, patients who endorsed Item 9 on the PHQ-9 (which inquires about 

thoughts of death or self-harm) with any frequency other than “not at all,” will undergo 

additional questions via a scripted safety protocol89 that inquires about thoughts of death 

versus active suicidal ideation, prior history of suicide attempt, and other elements of suicide 

risk assessment (e.g., intent, plan, availability of plan elements, and mitigating factors). The 

study staff member will then discuss the specific elements of this evaluation with a study 

psychiatrist, who will speak with the patient as warranted, and intervene if necessary 

(including arranging transportation to emergency department if required).

4. Data analysis

4.1 Specific Aim #1 (Primary Aim): To assess the association of baseline optimism/
gratitude, measured 2 weeks post-ACS, with subsequent physical activity measured by 
accelerometer 6 months later

We will first examine univariate associations between baseline LOT-R (optimism) and GQ-6 

(gratitude) scores with mean number of daily steps as measured by accelerometer at the 6 

month follow-up using Pearson correlation. We will then utilize hierarchical creation of 

adjusted multivariate models. In the minimally-adjusted model (Model 1), we will include 

the positive psychological variable (optimism/gratitude), age, and gender. In Model 2 (social 

and medical factors), we will add a marker of social support (living alone), measures of ACS 

severity and history (peak troponin T during admission and prior ACS), and a measure of 

overall medical comorbidity (the Charlson comorbidity index).90 Finally, in the fully 

adjusted model (Model 3), we will add measures of depression and anxiety (PHQ-9 and 

HADS-A). For this outcome, we will also control for baseline physical activity using the 

PAR. Of note, all variables will be included in the models as described above, with no 

automated stepwise forward selection or backward elimination procedures used.91

As a secondary health behavior outcome, we will utilize summed MOS SAS scores for 

adherence to diet, exercise, and medications as a continuous outcome variable, utilizing the 

same iterative covariate adjustment, including controlling for baseline values, in the 

multivariate models. To account for missing data, we will complete exploratory analyses 
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using random effects models with a random intercept for each patient, allowing us to include 

participants who did not provide 6 month data.

4.2 Specific Aim #2: To examine the association of baseline optimism/gratitude at 2 weeks 
with prognostic cardiac biomarkers at 6 months

We will first examine levels of each biomarker (hsCRP, IL-6, TNF-α, sICAM-1, NT-

proBNP) at 6 months as the dependent variable. As with physical activity, we will perform 

univariate analyses using Pearson correlations, and multivariate analyses using linear 

regression analyses, with iterative adjustment over the three successive hierarchical models 

as in Aim #1. We will analyze these initially as absolute values without controlling for 

baseline biomarker values, then in main analyses will control for 2 week biomarker levels in 

the models. As a secondary analysis, we will also examine biomarkers as categorical 

variables (e.g., via median split).

4.3 Specific Aim #3: To examine the association of baseline optimism/gratitude with 
cardiac rehospitalizations and additional medical/functional outcomes

We will complete time-to-event analyses. In preliminary analyses, we will divide baseline 

LOT-R and GQ-6 scores at the median split and examine between-group differences in 

cardiac rehospitalizations using Kaplen-Meier curves and log-rank tests of significance. For 

our primary analyses of cardiac rehospitalizations, we will utilize multivariate Cox 

regression to examine connections between continuous LOT-R and GQ-6 scores. We will 

control for age and gender in the primary model; additional covariates will not be included 

in the model because of the risk of overfitting92 based on the number of expected 

rehospitalization events (approximately 20–25% of the sample). However, in an exploratory 

model we will additionally control for overall medical burden/comorbidity (Charlson 

Index90).

We will also perform a number of secondary analyses for Aim #3. First, we will examine all-

cause rehospitalizations as an outcome variable, using identical methods to those used for 

cardiac rehospitalizations. For self-report measures of medical, psychological, and 

functional status (DASI, WISE, SF-12, PHQ-9, HADS-A), we will utilize Pearson 

correlations (univariate analyses) and linear regression (Models 1–3), in an identical manner 

as described for physical activity and biomarkers. To account for missing data, as in the 

analysis of self-reported adherence in Aim #1, we will complete exploratory analyses using 

random effects models with a random intercept for each patient.

All analyses will be performed using Stata statistical software (version 11.2, StataCorp, 

College Station, TX). Statistical significance will be set at p<.05, though a conservative 

correction for multiple comparisons for the Aim #2 biomarker analyses using a Bonferroni 

correction93 would have set the p value for significance at p<.01; this will be noted in 

reporting of results. All tests will be two-tailed.93

4.4 Power calculation for primary outcome measure

Prior studies of psychological factors and physical activity in medical patients have found 

that psychological states/symptoms have moderate to large effects on physical 

Huffman et al. Page 10

Contemp Clin Trials. Author manuscript; available in PMC 2017 January 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



activity.41,94,95 For the originally planned enrollment of at least 150 participants, assuming 

follow-up data from 85% of subjects (consistent with our similar prior studies77,81) and a 

conservatively calculated moderate effect size (ρ=.3) of gratitude on activity (univariate), 

this study will be powered at 94% to detect a significant association between both positive 

psychological constructs and physical activity as measured in steps using a two-tailed alpha 

of .05 (calculated via G*Power 3.1.2). Given that we were able to enroll and obtain baseline 

data from 164 participants (see below), with a projected 85% of participants providing 

follow-up data, our power to detect between-group differences will be slightly greater 

(95%).

The study was not designed to be fully powered for Aim #2 outcomes, but using an 

estimated r=.2 correlation between positive constructs and inflammatory markers seen in a 

prior study by Brouwers and colleagues,96 the study will be powered at 67% to detect 

between-group differences using two-tailed tests and p<.05. For the Aim #3 functional and 

medical outcomes, using a prior study by Pelle and colleagues97 (r=.22–.25, depending on 

specific outcome variable), the study will be powered at 76–86% to detect between-group 

differences in these outcome measures.

5. Baseline data

Figure 2 presents the CONSORT diagram for GRACE. Recruitment occurred from 

September 2012 through January 2014. A total of 522 potentially eligible patients were 

identified over that period. Among the 394 approached patients who met all eligibility 

criteria, 212 were enrolled and 164 successfully completed the 2-week visit.

When comparing baseline characteristics of patients who declined participation to those who 

enrolled, there were no significant differences in primary diagnosis (UA or MI) or race 

(White or non-White). However, patients who declined were significantly older (mean age: 

66.1 [declined] vs. 62.0 [enrolled]; t=3.89; p<.001) and were more likely to be women 

(29.1% [declined] vs.19.4% women [enrolled]; χ2=6.01; p=.014). Given that, across all 

patients approached for participation, women were older (mean age: 67.4 [women] vs. 63.2 

[men]; t=3.48; p<.001), we combined these variables in multivariate analysis (logistic 

regression) examining enrollment predictors and found that gender became non-significant 

and only older age was associated with declining participation (β=.029; p<.001).

Baseline sociodemographic characteristics, medical variables, psychiatric status, and 

baseline study outcome variables are listed in Table 1. Overall, the mean age of subjects was 

61.5 (standard deviation [SD] 10.5) years, 84% were men, and 84% were White. The 

majority of participants had more than one cardiac risk factor, with hyperlipidemia (81%) 

and hypertension (63%), the most common diagnosed risk factors. This was the first ACS 

for 58% of participants, and participants were hospitalized for a mean of 3.0 (SD 2.2) days.

With respect to baseline psychological variables (2 week visit), participants had a mean 

LOT-R score of 17.7 (SD 5.6), which was higher than general population norms for this age 

group (14.8 [SD 3.4]),98 and slightly higher than in a sample of non-depressed cardiac 

patients (16.9 [SD 3.7])99 and mean GQ-6 scores of 36.5 (SD 5.8), which is consistent with 
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published norms in older adults (36.9 [SD 4.9]).24 Mean depression (PHQ-9: mean score 4.4 

[SD 4.5]) and anxiety (HADS-A: mean score 4.3 [SD 4.0]) were slightly lower than mean 

values in other cardiac populations (PHQ-9=4.8; HADS-A=6.8).40,41 Using established 

cutoffs for clinically significant depression and anxiety, seventeen participants (10.4%) had 

PHQ-9 ≥10, and 32 (19.5%) had HADS-A≥8.

6. Comment

The GRACE study has been designed to answer several important questions about the 

prospective relationship between positive psychological constructs and subsequent outcomes 

in cardiac patients. It differs from prior work by studying ACS patients, a high-yield 

population at substantial risk for rehospitalizations and mortality. It also will examine 

simultaneously two positive psychological constructs, including the highly understudied 

construct of gratitude, to assess differential effects of these constructs on post-ACS 

prognosis. Finally, it will examine within the same study the prospective effects of these 

constructs on health behaviors, prognostic biomarkers, and clinical outcomes to begin to 

specify mechanisms by which these constructs may confer benefit. Interventions targeting 

optimism, including imagining a better possible future or a ‘best possible self,’ have led to 

improvements in well-being and optimism.100,101 Likewise, specific exercises in which 

participants express gratitude or list experiences for which they are grateful have led to 

increased positive emotions and, in some cases, to greater physical activity.28,102

The study has been successful in recruiting participants beyond the planned enrollment 

target. This should ensure adequate statistical power to test study hypotheses. The objective 

measurement of physical activity is an additional and important strength, given than most 

studies of psychological effects on activity and function in cardiac patients have utilized 

self-report.14,28,103 A final study strength is that analyses will control for sociodemographic 

factors, medical variables, depression, and anxiety to ensure that observed effects of positive 

psychological constructs are independent of these numerous potential confounders.

There may be several reasons for the relatively high rates at which patients declined 

participation. First, in recruiting participants from inpatient units, all patients were 

approached by clinical staff regarding their willingness to hear about an optional study. This 

is in contrast to many outpatient studies in which patients proactively identify studies in 

which they are interested in participating and therefore are more likely to participate upon 

learning of study details. Second, patients had just suffered a major cardiac event and may 

have not felt willing to consider participation as they came to terms with their illness. 

Finally, a meaningful proportion of ACS patients admitted to this urban academic medical 

center lived a substantial distance from the hospital, or had functional or logistical barriers to 

transportation, making a study with multiple in-person visits less viable.

Limitations of this study include recruitment from a single academic medical center and 

enrollment of a predominantly White and male cohort. Participants were also somewhat 

more optimistic than age-matched population norms, but similar to nondepressed patients in 

other cardiac studies.23 The moderate sample size and a relatively short follow-up period to 

assess readmissions also represent limitations; future studies could extend this follow-up 
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period. Older ACS patients were more likely to decline participation, signaling a potential 

need in future studies to develop methods to enhance recruitment of older adults. We had a 

moderately high dropout rate between enrollment and the baseline visit, largely due to 

intervening medical issues that prevented return to the hospital at 2 weeks. Given that we 

will not have objective physical activity data at baseline and that rehospitalization data 

cannot have baseline values, we will only utilize techniques to account for missing data for 

the Aim #1 and Aim #3 self-report study outcomes. Finally, though physical activity will be 

objectively measured, we will measure steps rather than activity intensity, and other health 

behaviors, such as medication adherence, will be measured by self-report.

If this study finds that optimism and/or gratitude are associated with improved physical 

activity and other key outcomes following ACS, this would highlight psychological factors 

outside of depression and anxiety that may be of substantial prognostic importance. The next 

step would be to determine whether it is possible to successfully cultivate optimism, 

gratitude, and related states (e.g., positive affect) in patients with an ACS, and to learn 

whether boosting these states leads to greater health behavior participation and superior 

outcomes. There has been promising preliminary work suggesting that systematic positive 

psychological interventions are well-accepted and may reduce distress and improve 

outcomes in patients with chronic medical illnesses,104,105 including patients with heart 

disease.106–108 Whether such interventions can improve prognosis in the vulnerable 

population of post-ACS patients remains an open question and will be worth further study if 

it indeed appears that optimism or gratitude predict superior post-ACS outcomes in the 

GRACE study.
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Figure 1. 
Timeline of study assessments.

DASI=Duke Activity Status Index; GQ-6=Gratitude Questionnaire Six Item Form; HADS-

A=Hospital Anxiety and Depression Scale—Anxiety Subscale; LOT-R=Life Orientation 

Test-Revised; MOS-SAS=Medical Outcomes Study Specific Adherence Scale; 

PAR=Physical activity recall; PHQ-9=Patient Health Questionnaire-9; SF-12=Short Form 

12; WISE=Women’s Ischemia Symptom Evaluation Scale.

Huffman et al. Page 20

Contemp Clin Trials. Author manuscript; available in PMC 2017 January 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Study recruitment and enrollment.

* Terminated refers to participants who were withdrawn from the study by the study team, 

rather than those who actively requested to withdraw from the study.
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Table 1

Baseline socio-demographic and clinical characteristics.

Characteristics (N=164) N (%)*

Demographics and psychosocial characteristics

 Age (mean [SD]) 61.5 (10.5)

 Male sex 137 (83.5)

 White 137 (83.5)

 Married 113 (68.9)

 Living alone 38 (23.2)

Medical history

 BMI (mean [SD]) 28.9 (5.2)

 Hypertension 103 (62.8)

 Diabetes mellitus 34 (20.7)

 Hyperlipidemia 132 (80.5)

 Current smoking 21 (12.8)

 Prior ACS 69 (42.1)

 Diagnosis: MI 88 (53.7)

 Length of stay (days) 3 (2.2)

Labs (mean [SD])

 Troponin T 1.5 (3.5)

 LVEF (n=159) 0.58 (0.1)

 Charlson score age adjusted 3.3 (1.6)

Medications at discharge

 Aspirin 159 (96.9)

 Beta blocker 144 (87.8)

 ACEI/ARB 90 (54.9)

 Antiplatelet agents 127 (77.4)

 Statin 153 (93.3)

 Antidepressant 27 (16.5)

 Anxiolytic 16 (9.8)

Scores at 2 week visit (mean [SD])

 GQ-6 total (range: 6 – 42) 36.5 (5.8)

 MOS-SAS total (range: 4–24) 16.9 (3.1)

 SF-12 PCS (range: 0–100) 40.8 (10.4)

 SF-12 MCS (range: 0–100) 50.8 (9.2)

 PHQ-9 total (range: 0–27) 4.4 (4.5)

 HADS-A total (range: 0–21) 4.3 (4)

 LOT-R optimism (range: 0–12) 9.0 (2.9)

 LOT-R pessimism (range: 0–12) 8.7 (3.3)

 LOT-R total (range: 0–24) 17.7 (5.6)

 DASI (range:0–58.2) 38.7 (15.8)

*
All figures are N (%) unless otherwise specified.
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ACEI=Angiotensin-Converting-Enzyme Inhibitor; ACS=Acute Coronary Syndrome; ARB=Angiotensin Receptor Blockers; BMI=Body Mass 
Index; DASI=Duke Activity Status Index; GQ-6=Gratitude Questionnaire Six Item Form; HADS-A=Hospital Anxiety and Depression Scale—
Anxiety Subscale; LOT-R=Life Orientation Test-Revised; LVEF=Left Ventricular Ejection Fraction; MI=Myocardial Infarction; MOS-
SAS=Medical Outcomes Study Specific Adherence Scale; PAR=Physical activity recall; PHQ-9=Patient Health Questionnaire-9; SF-12 
MCS=Short Form 12 Mental Composite Score; SF-12 PCS=Short Form 12 Physical Composite Score.
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