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Abstract

Background—Among cardiac patients, positive psychological factors are consistently linked 

with superior clinical outcomes and improvement in key markers of inflammation and 

hypothalamic-pituitary-adrenal axis functioning. Further, positive psychology interventions (PPI) 

have effectively increased psychological well-being in a wide variety of populations. However, 

there has been minimal study of PPIs in cardiac patients, and no prior study has evaluated their 

effect on key prognostic biomarkers of cardiac outcome. Accordingly, we investigated the effect of 

three distinct PPIs on risk biomarkers in cardiac patients.

Methods—In an exploratory trial, 69 patients with recent coronary artery bypass graft surgery or 

percutaneous intervention were randomized to a) one of three 6-week in-person PPIs (based on the 

work of Seligman, Lyubomirsky, or Fordyce) or b) a wait-list control group. Risk biomarkers were 
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assessed at baseline, post-intervention (7 weeks), and at 15 week follow-up. Between-group 

differences in change from baseline biomarker levels were examined via random effects models.

Results—Compared to the control group, participants randomized to the Seligman (B= −2.06; 

p= .02) and Fordyce PPI (B= −1.54; p= .04) had significantly lower high-sensitivity C-reactive 

protein (hs-CRP) levels at 7 weeks. Further, the Lyubomirsky PPI (B= −245.86; p= .04) was 

associated with a significantly lower cortisol awakening response (CARg) at 7 weeks compared to 

control participants. There were no other significant between-group differences.

Conclusion—Despite being an exploratory pilot study with multiple between-group 

comparisons, this initial trial offers the first suggestion that PPIs might be effective in reducing 

risk biomarkers in high-risk cardiac patients.
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Coronary artery disease (CAD) is the world’s leading cause of death.1 Psychological factors 

play an important role in the morbidity and mortality associated with CAD. For example, 

depression in CAD patients is associated with approximately double the risk of mortality 

and other adverse cardiac events, and these relationships are independent of traditional 

cardiac risk factors. 2–4 Anxiety is also prospectively associated with a higher risk of 

mortality and major cardiac events in CAD patients. 5,6 However, interventions targeting 

these negative psychological syndromes in patients with heart disease patients have shown 

limited effects on cardiac morbidity and mortality. 7,8

In contrast, positive psychological constructs are associated with superior cardiovascular 

outcomes. 9,10 Positive affect has been associated with beneficial cardiovascular health and 

possibly superior immune functioning.11 Likewise, other positive constructs, including 

optimism. 12,13 vitality, 14,15 positive affect,16,17 well-being,18,19 and sense of control 20 

have also been associated with reduced cardiac morbidity and mortality, along with 

improved status of physiological markers of cardiac prognosis, in many cases independent of 

the adverse effects of negative psychological states such as depression. 21

The relationship between positive psychological factors and cardiac outcomes is often 

considered to be mediated via two potential pathways: health behavior and physiologic 

mechanisms. Positive psychological factors, measured at baseline, are associated with 

greater participation in key health behaviors, including following a healthy diet, smoking 

cessation, and increased physical exercise, 9,10 all of which are strongly related to cardiac 

outcome. 22 Though physiologic effects have been less well-studied, positive psychological 

factors have also been linked to adaptive hypothalamic-pituitary-adrenal (HPA) axis 

functioning and reduced inflammation. 23–25 Such findings may be important given that 

these markers are associated with adverse cardiac events and that HPA axis dysfunction and 

inflammation may be mediational pathways by which depression leads to higher rates of 

mortality in CAD patients. 26
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Positive psychology interventions (PPI) utilize systematic exercises to cultivate positive 

affect, optimism, and other positive psychological factors. PPIs have consistently reduced 

distress and improved well-being in healthy populations and patients with mental health 

symptoms. 27,28 However, despite the clear relationships between positive psychological 

constructs and cardiac outcomes, very few studies so far have specifically investigated the 

application of PPI in cardiac populations. In a small three-arm pilot trial, an 8-week, 

telephone-based PPI lead to greater (though nonsignificant) improvements in mood, anxiety, 

and quality of life compared to both an active control group (Relaxation Response) or an 

attention-matched control group (a control condition that matches the amount of attention 

patients receive in the intervention condition, but lacks specific therapeutic content) among 

patients hospitalized for an acute coronary syndrome or heart failure. 29 Among patients 

who had just received a percutaneous coronary intervention, Peterson and colleagues 30 

compared a positive affect/self affirmation (PA) intervention to patient education alone. 

Patients in the PA group had a significant increase in physical activity and a decrease in 

depressive symptoms, though there were no differences in rates of cardiac events and cardiac 

biomarkers were not assessed.

The question of whether PPIs can lead to improvements in physiological biomarkers 

associated with CAD progression and outcomes has remained unanswered. Accordingly, in 

this secondary analysis of a randomized controlled trial of 6-week PPIs in CAD patients (in 

which PPIs led to significant improvements in psychological outcomes 31), we examined the 

effects of PPIs on inflammatory makers and HPA axis function. We hypothesized that the 

PPIs would be associated with greater reductions of inflammatory markers and CARg post-

intervention, compared to participants in the wait-list control condition.

Methods

Participants and Recruitment

Permission to conduct the study was obtained from the Ethics Committee at The University 

of Isfahan. The trial was registered at the Iranian Registry of Clinical Trials 

(IRCT2014010516081N1). Patients who had received coronary artery bypass surgery 

(CABG) or percutaneous coronary intervention at Sina Cardiovascular Hospital or Izamin 

Cardiac Rehabilitation Center within the preceding 5 months and were living in the 

immediate Isfahan area were identified as eligible participants. Patients meeting these 

criteria were approached based on random selection from printed patients lists of patients 

undergoing CABG or percutaneous intervention. Willing patients were invited to attend an 

introductory session explaining the role of psychological factors in heart disease and 

describing the rationale, intervention procedures and assessment appointments of the study. 

All study visits took place at Izamin Cardiac Rehabilitation Center.

Patients were excluded if they had a medical condition limiting their ability to participate in 

the trial, if they were unwilling to participate in all stages of the study, or if they were 

undergoing current treatment with psychiatric medication (e.g., antidepressants, 

antipsychotics, benzodiazepines), steroids, or psychotherapy. Patients receiving nonsteroidal 

anti-inflammatory medications were not excluded because the vast majority of patients were 

receiving aspirin, which has a highly similar mechanism and effect on acute and chronic 
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inflammation. Those willing to participate and meeting inclusion/exclusion criteria 

completed written informed consent and were provided with self-report questionnaires to be 

completed prior to the first study meeting.

Procedures

Enrolled subjects were randomly assigned to one of three PPIs (Seligman, Lyubomirsky, 

Fordyce) or a wait-list control (i.e., participants had a 3 in 4 chance of receiving a PPI). 

Randomization was achieved using concealed cards with group assignment listed. 

Participants and study staff were unaware of group assignment until the card was revealed 

following pre-randomization baseline measures. Subjects assigned to one of the PPIs 

received a 6-week intervention, described below. Subjects in the control group were placed 

on a waiting list and received treatment as usual for the duration of the study. When their 

study assessments were completed, participants in the control group were offered 

participation in one of the six-week PPIs. Participants in all conditions were assessed at 

baseline, 7 weeks (i.e., a week after the 6 week intervention for those in PPI conditions), and 

15 weeks (i.e., follow-up assessment 8 weeks after the post-treatment assessment).

Interventions

The PPIs were developed based on the empirical work of three seminal positive psychology 

researchers (Seligman, 32,33 Lyubomirsky, 34,35 Fordyce, 36,37). Participants attended six 

weekly 90-minute in-person group sessions. PPI exercises were designed in conjunction 

with a cardiologist to ensure that participants would be able to complete them despite any 

physical limitations. Each PPI intervention was strictly manualized and the PPI trainer used 

a content checklist for each session to ensure treatment was delivered in accordance with the 

manual. All interventions were delivered by an experienced PPI trainer (Gh. N) with specific 

training in each of the studies PPI manuals.

During each session, the study trainer introduced up to three strategies to boost 

psychological well-being. Specific exercises to implement these strategies were explained by 

the trainer and subsequently practiced by the participants in the group setting with 

supervision from the trainer. Finally, participants were encouraged to perform at least one 

exercise using each of that week’s strategies prior to the next group session. They were also 

asked to continue to practice exercises from previous weeks and to incorporate them into 

their daily lives.

At the beginning of the subsequent session, strategies introduced in the previous week and 

participants’ experiences with those exercises were reviewed. After the final session, 

participants received a chart to plan exercise continuation for future weeks.

Seligman group intervention (intervention content for all PPI groups are listed 
in Table 1)—Seligman posits these three distinct pathways to achieve the full life, with a 

special emphasis on engagement and a ‘meaningful’ life. Accordingly, the Seligman 

exercises 32,33 focused on enhancing positive feelings (“Pleasant life”), identifying and using 

personal strengths (“Engagement life”), and finding meaning in one’s life (“Meaningful 

life”).
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Lyubomirsky group—The Lyubomirsky program 34,35 content had moderate overlap with 

the Seligman group regarding specific exercises targeting optimism and gratitude. However, 

it uniquely included exercises focusing on religion and spirituality, physical activity, and 

developing strategies for coping.

Fordyce group—The Fordyce program 36,37 had some common elements with the two 

previous programs in that some happiness activities focused on optimism, becoming present-

oriented, and eliminating negative cognitions and feelings. In contrast to the other 

interventions, the Fordyce intervention focused on increasing organizational skills, setting 

realistic goals, and focusing on positive personality traits.

Data collection

Baseline sociodemographic and medical characteristics were gathered via participant report. 

To measure changes in depression over time, the Beck Depression Inventory II (BDI) 38 was 

administered at baseline, post-intervention (Week 7) and follow-up (Week 15). The BDI 

contains 21 items measuring depressive symptoms over the preceding two weeks. The range 

of scores is between 0 and 63. The Persian translation of the BDI has shown high internal 

consistency (α=.87) and acceptable test-retest reliability (r =.74) in an Iranian sample. 39

Regarding biomarkers, inflammatory markers were collected at baseline, post- intervention 

(Week 7), and follow-up (Week 15) and markers of HPA-axis activity (i.e.,CARg) were 

assessed at baseline and post-intervention. Blood samples were drawn at each assessment 

point between 8 and 10 am. Participants were instructed to fast and to avoid caffeine 12 

hours prior to sampling. The samples, collected in tubes with no additives, were stored at 

room temperature for 40 minutes and then were refrigerated until they were centrifuged 

within three hours of collection to isolate serum. Serum aliquots were frozen at −70°C until 

the time of assay. Specimens were coded so the operator was blinded to interventions and 

other identifying characteristics. hs-CRP was measured with nephelometric assay for 

quantitative determination of low levels of CRP. IL-1 and IL-6 were assayed with the 

enzyme-linked immunosorbent assay (ELISA) kits.

Regarding HPA-axis activity, saliva sampling for CARg took place at home. Participants 

were instructed to start sampling immediately at awakening (0) and then 15 and 45 min after 

awakening in the morning. Saliva samples were stored in participants’ freezers before being 

transferred to the laboratory where they were stored at −20° C until the time of assay. 

Cortisol was assayed with ELISA kits. Area under the curve (AUC) with respect to ground 

(CARg) [see 40 for formula] was calculated.

Statistical analysis

The primary study outcome for this analysis was group differences in high-sensitivity C-

reactive protein (hs-CRP). This marker was selected because, among all inflammatory 

markers, it has been most consistently linked to cardiac outcomes; it is also the 

inflammatory marker most used in clinical care. 41,42 Secondary outcome measures were 

interleukin-1 (IL-1), interleukin-6 (IL-6), and cortisol awakening response (CARg), a marker 

of HPA axis activity.
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Baseline data were compared between study groups using chi-square analysis for categorical 

outcome and one-way ANOVA for continuous variables. To compare biomarker levels 

across groups, linear random effects models, with a random intercept for each patient, were 

used to assess biomarkers at each time point. Use of random effects models allows inclusion 

of all participants, even those with missing data at specific time points, in an intent-to-treat 

analysis, providing advantages over including only participants with complete data or using 

other methods for missing data (e.g., last observation carried forward).43

Each PPI was compared to the control group. Between group differences in improvement of 

the outcome measures from baseline at 7 weeks and 15 weeks were compared between each 

PPI and the control condition. Age, sex, time since medical intervention, and change in BDI 

were evaluated as covariates for each model and included in the model, if they significantly 

increased model fit (-2 log likelihood). In analysis on the CARg, patients awakening time 

was included as a covariate as well. All analyses were completed using SPSS version 22. All 

statistical tests were two-tailed. Given the exploratory, hypothesis-generating nature of this 

pilot study, significance was set at p=.05.

Results

Enrollment and Retention

Patient flow throughout the study can be seen in Figure 1. Fifty-eight percent of eligible 

patients were ultimately enrolled and randomized. There were no significant differences in 

baseline characteristics between participants who provided follow-up data and those who 

dropped out, though there was a trend toward higher rates of CABG in those who dropped 

out (57.1% dropout vs. 30.9% retained; χ2 = 3.32 ; p = .07).

Baseline characteristics

Participants’ baseline characteristics and scores are listed in Table 2. There were no 

statistically significant differences in baseline medical or sociodemographic groups at 

baseline, and no statistically significant group differences in risk biomarkers at baseline. 

Table 2 also lists BDI scores and biomarker results over time. Though there were no 

significant group differences in BDI scores, the scores did appear to differ across groups and 

change in BDI score was therefore included as a covariate in the main analyses.

Primary study outcome: hs-CRP (Table 3)

Participants randomized to the Seligman and Fordyce PPIs had significantly greater 

reductions in hs-CRP levels post-intervention (7 weeks) compared to the control group; 

there were no between-group differences between the Lyubomirsky and control groups at 7 

weeks. There were no differences in hs-CRP change from baseline between the control 

group and any of the PPIs at 15-week follow-up.

Secondary outcome: IL-1, IL-6, CARg (Table 3)

There was no significant difference in IL-1 or IL-6 change from baseline between any of the 

PPIs and the control group, though there was a statistical trend showing greater 

improvement in IL-1 levels at 15-week follow-up for the Lyubomirsky PPI compared to the 
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control group. Comparing change in CARg from baseline between the PPIs and the control 

group rendered a significantly lower level of CARg for the Lyubomirsky PPI compared to 

the control group.

Discussion

This is, to our knowledge, the first randomized controlled trial that investigated the effects of 

PPI on inflammatory markers and regulation of HPA axis activity in cardiac patients. 

Though our analyses were highly exploratory, we found that PPIs may be associated with 

greater reductions in hs-CRP, and perhaps other biomarkers, in CAD patients. Specifically, 

both the Seligman PPI and Fordyce PPI had greater improvements of hs-CRP (our primary 

outcome variable) post-intervention. In contrast, the Lyubomirsky PPI, was associated with 

reduced CARg at post-intervention and possibly reduced IL-1 levels at follow-up, but had no 

effects on hs-CRP.

Across all risk biomarkers, hs-CRP appeared to depict the clearest pattern of intervention 

effects. Given that hs-CRP may be most consistent measure to link inflammatory processes 

with cardiac outcome,41,42 and that it is the most commonly used marker in clinical care, hs-

CRP is the most promising candidate to further evaluate the effects of PPIs on biomarkers in 

cardiac patients.

The differential effects across the three PPIs may have been related to the different 

intervention content in the different PPIs. Eudaimonic well-being (personal growth, 

purposeful engagement, meaning and direction in life) has been linked to lower levels of 

pro-inflammatory cytokines, daily salivary cortisol, and cardiovascular risk, while hedonic 

well-being (which is more related to momentary joy, happiness, and pleasure) has shown 

comparatively less linkage to biomarkers.44 Differences in the interventions’ focus on 

eudiamonic well-being vs. hedonic well-being might have led to differences in the effects on 

biomarkers.

While plasma biomarkers may not always directly correlate with clinical outcomes, in 

cardiac patients, biomarkers have been consistently linked with prognosis.41,45 For example, 

large-scale prospective studies have found that hs-CRP strongly and independently predicts 

adverse cardiovascular events, including myocardial infarction, ischemic stroke, and sudden 

cardiac death in CAD patients.46 In addition, there is increasing focus on the use of 

biomarkers in clinical management, such as the work of Januzzi and colleagues 47 finding 

that use of N- terminal pro-B-type natriuretic peptide (NT-proBNP) levels to guide treatment 

of heart failure patients lead to lower event rates than standard care. This suggests that 

examining the effects of interventions on biomarkers of cardiac risk may have clinical 

application.

This exploratory study had several important limitations. The small sample size and four-

arm design limited statistical power to detect significant relationships. Given the hypothesis-

generating nature of this study, significance (including secondary outcome variables) was set 

at p=.05, and all significant findings, especially on secondary outcomes, must be interpreted 

with caution. Although there were no significant differences on baseline characteristics, 
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small differences in medical characteristics like hypertension or recent CABG may impact 

the effects of interventions on biomarkers, possibly skewing group differences in this 

sample, and larger studies are needed to identify potential moderators of PPI effects in 

cardiac patients. Other limitations include recruitment from a single city, delivery of PPIs 

from a single trainer, and lack of an attention-matched control condition. It is possible that 

effects may have been derived from the effects specific to the trainer or to attention alone. 

Finally, this pilot study also did not longitudinally assess rates of cardiac events or mediating 

variables such as health behaviors.

In conclusion, in an exploratory study, two PPIs were associated with greater improvements 

in hs-CRP compared to a wait-list control condition. This study provides the first suggestion 

that PPIs could have effects on important physiological processes in patients with heart 

disease. These findings should be confirmed in larger, well-controlled studies, and, if 

possible, correlated with cardiac events. Further research is also needed to identify the most 

effective PPI content and delivery modality.
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Figure 1. 
CONSORT Diagram of study recruitment and throughput.
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Table 1

Intervention content and according exercises of the three different PPIs.

Seligman PPI Lyubomirsky PPI Fordyce PPI

Week1 Increasing satisfaction about the past

• Reducing determinism

• Expressing gratitude

• Forgiveness

Experiencing positive emotions

• Acting like a happy person

• Savoring life’s joys

• Practicing acts of kindness

Increasing activity and social 
relationships

• Being active

• Socializing

• Enhancing close relationships

Week 2 Enhancing happiness in the present

• Enhancing pleasure

• Enhancing gratification

Enhancing social relationships and 
physical activity

• Nurturing social relationships

• Physical activity

Increasing productivity and 
organization

• Being productive at 
meaningful work

• Increasing organization

Week 3 Optimism about the future

• Increasing resilience

• Reframing

Cultivating optimism andgratitude

• Best possible self

• Expressing gratitude

Reducing worry and setting realistic 
goals

• Reducing worry

• Identifying realistic goals

Week 4 Renewing strength and virtue

• Identifying personal 
strengths

Developing positive coping skills

• Avoiding overthinking and 
social comparison

• Fostering posttraumatic 
growth

Cultivating optimism and focusing on 
the present

• Cultivating optimism

• Focusing on the present

Week 5 Valuing and using strengths and 
virtues

• Using signature strengths

• Identifying strengths in a 
spouse or partner

• Identifying strengths in 
one’s children

Forgiveness and spirituality

• Forgiveness

• Practicing spirituality

Focusing on positive personality traits

• Being genuine

• Fostering self-knowledge and 
self-esteem

• Developing an extroverted 
personality

Week 6 Enhancing meaning in life

• Meaningful and full life:

Commitment to goals, flow, and 
mindfulness

• Enhancing commitment to 
goals

• Increasing flow experiences

• Meditating

Prioritizing positive thoughts and 
feelings

• Setting aside negative feelings

• Making happiness a priority
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