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Abstract
Exploring factors associated with adherence in a positive psychology intervention

Background and method. Positive psychological constructs (e.g., optimism) are associated with
greater adherence to cardiac health behaviors. No study has assessed if positive psychology (PP)
interventions, which boost positive emotions, promote physical activity in post-acute coronary
syndrome (ACS) patients. There is little data on which patients may benefit most from PP
interventions.

The Positive Emotions after Acute Cardiac Events Il (PEACE Ill) study compared intervention
components to optimize a PP intervention for ACS patients. PEACE Il recruited 128 patients
admitted for an ACS at Massachusetts General Hospital or Brigham and Women’s Hospital, all of
whom were provided a core PP intervention for 8 weeks. This manuscript assesses if any baseline
patient characteristics are associated with improved intervention adherence. Pairwise
correlations were used to assess correlation between continuous baseline variables and the
number of weeks completed, and Pearson’s Chi® tests were used with dichotomous baseline
variables to assess for increased odds of early dropout.

Results. Overall, over 70% of participants completed more than 2 weeks. The majority of dropout
occurred during the first two weeks. A majority of participants completed 7 or more phone
sessions. No individual baseline patient characteristic was associated with increased adherence.
Similarly, no baseline characteristic was associated with an decreased odds of early dropout.
Conclusion. The intervention overall was feasible and well-accepted. No patient characteristic
was associated with number of phone sessions completed, suggesting that this intervention may

be applicable to a broad range of post-ACS patients. Given that the majority of dropout occurred



in the first two weeks, additional retention strategies should be considered during that

timeframe.
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Glossary of abbreviations

ACS Acute coronary syndrome

CAD Coronary artery disease

CBT Cognitive behavioral therapy

CHD Coronary heart disease

CPRP Cardiac Psychiatry Research Program

Ml Motivational interviewing

PEACE Positive Emotions after Acute Coronary
Events

PP Positive psychology



Introduction

Cardiovascular disease is the number one killer of adults in the developed world, and the
direct medical costs of cardiovascular disease is estimated to rise to more than $918 billion
annually in the U.S. by 2030.(1) Over a million Americans suffer an adverse coronary event
(either an acute coronary syndrome or CHD-related death) every year.(1, 2) International studies
have suggested that over 40% of major coronary episodes occur in survivors of ACS,(3, 4) and a
full 20% of post-ACS patients will be readmitted within the following year for manifestations of
ischemic heart disease.(5)

Adherence to cardiac health behaviors, such as heart-healthy diets, regular exercise,
medication adherence, and smoking cessation are effective in reducing the probability of
suffering an ACS and are incorporated into the AHA guidelines for reducing the burden of
cardiovascular diseases.(1) Several studies have shown that health behavior adherence is linked
to a substantial reduction in recurrent coronary events and mortality in patients who have
survived an ACS.(6, 7)

There is increasing recognition that psychological well-being is an important factor in
cardiovascular health. Patients with depression are both at increased risk of coronary artery
disease (8) and demonstrate limited adherence to secondary preventive measures,(9, 10) and
depression is suggested as a risk factor for adverse outcomes in post-ACS patients.(11) Anxiety
has likewise been associated with poor outcomes in patients with CAD, but it is less clear that
this relationship persists when controlling for comorbid medical or psychological factors.(12, 13)
Conversely, positive psychological states, such as positive affect and optimism, have been
associated with increased physical activity,(14) healthier diet,(15, 16) improved medication

adherence,(17) and similarly, lower rates of heart disease(18) and improved cardiac



outcomes.(19, 20) In the specific population of post-ACS patients, optimism is associated with
fewer cardiac readmissions at 6 months,(21) while both optimism and gratitude are associated
with higher self-reported health behavior adherence.(22)

In this context, positive psychology (PP) interventions, which use straightforward
exercises such as performing deliberate acts of kindness(23) to boost positive psychological
states such as optimism and gratitude, have arisen as a possible applicable way to improve
adherence to positive health behaviors and subsequently promote cardiovascular wellbeing. PP
interventions have been associated with the reduction of depressive symptoms and the
enhancement of wellbeing in non-medically ill participants,(24) and they have been successfully
applied in studies of medically ill patients with diabetes mellitus,(25) HIV,(26) and
neurodegenerative disease.(27) However, there has been minimal study of PP interventions in
post-ACS patients,(28) who stand to greatly benefit from improved efficacy of secondary
preventive measures. Furthermore, there has been minimal study of whether PP interventions
change health behaviors.

Building on this, the Cardiac Psychiatry Research Program at Massachusetts General
Hospital is currently conducting the NIH/NHLBI-funded Positive Emotions after Acute
Coronary Events (PEACE) project, which is studying whether a novel phone-based PP
intervention, customized for post-ACS patients, leads to improved mood and positive
psychological constructs, greater adherence, and better cardiac outcomes. PEACE has employed
the Multiphase Optimization Strategy (MOST),(29) in which behavioral health interventions are
iteratively designed and optimized prior to evaluation, using principles borrowed from
engineering. In phase 1 and 2 of the PEACE study, qualitative interviews with post-ACS

patients provided feedback regarding optimal intervention components, and a small proof of



concept trial (N=48) demonstrated the feasibility and acceptability of the core PP intervention
and showed substantial effects on positive affect, depression, and anxiety.(30, 31)

In studies of other behavioral interventions similarly conducted via computer, text
message, or phone, dropout rates have been as high as 83%, pointing to a need to identify both
intervention and patient factors associated with patient engagement.(32-34) Logically, more
intensive interventions would be expected to have higher dropout or lower adherence rates, but
this pattern has not clearly been established in interventions aiming to improve health behaviors
relevant to CAD, such as exercise and dietary changes. There have been mixed results in
reviews assessing whether intervention arms requiring more rigorous physical activity than
controls are associated with reduced adherence. While some have suggested increased dropout
in intervention arms involving physical exercise(35), a Cochrane Review of interventions using
exercise versus minimal intervention in adults with chronic pain found that while adherence was
unable to be assessed in any one review, the risk of dropout was not significantly higher in the
exercise groups.(36) Likewise, a systematic review of dietary interventions in obese adults with
type two diabetes found no difference in attrition rates between those assigned to very low
energy diets and comparator arms.(37)

Regarding patient sociodemographic factors, lower family income has been shown to be
associated with higher dropout in weight-management interventions,(38) and cardiac
rehabilitation dropout rates are higher in middle-income countries compared to high-income
countries(39). There have been mixed results on racial differences in adherence; as examples,
only two of nine studies included in a review of rehabilitation programs for violent men
demonstrated an association of race with program dropout(40), but in a review of weight-

management interventions, black participants were noted to have higher dropout rates than white



participants.(38) One study found that lower autonomous motivation was linked with early
dropout.(33)

In terms of baseline medical characteristics, a logical hypothesis would be that
participants with more significant comorbidities would have a reduced capacity to engage with
behavioral health interventions. Indeed, people who continue to exhibit negative health
behaviors after cardiac events, such as smoking, are less likely to attend and complete cardiac
rehabilitation.(41) However, in one cross sectional study of cardiac rehabilitation patients,
participants who attended regularly were noted to report a greater number of symptoms and
consequences of their illness at baseline,(42) suggesting that a minimum degree of lifestyle
impairment may be necessary to motivate engagement and facilitate behavioral change.

It is currently not known whether there are particular patient factors that can predict
engagement in PP interventions. Understanding the factors that identify patients who are an
ideal fit for such interventions in addition to those who may need additional clinical tools is a
vital part of understanding and applying the findings of such a project in the broader clinical
context.

The intent of the study described in this manuscript was to produce two novel
contributions as part of the broader PEACE project. First, it sought to identify participant
sociodemographic factors associated with engagement, which ideally would provide data for
earlier identification of patients who may need additional interventionist support as these
interventions become more widely utilized. We hypothesized that younger participants and
those who were employed would demonstrate improved engagement, as the unexpected nature of
an ACS at a younger age may cause enough psychological distress to motivate engagement, and

the literature discussed above supports a supportive influence of socioeconomic stability.



Second, it sought to identify which baseline medical factors were associated with
engagement in order to provide data regarding which post-ACS patients should be recruited and
stand to benefit the most from PP interventions. We hypothesized that participants for whom this
was the first ACS, those with lower medical comorbidity and those with higher baseline
optimism would demonstrate increased engagement, as there is a theoretical threshold above
which a patient might be too limited by medical comorbidity to engage in a regular intervention,

and optimism has previously been associated with improved health behaviors.



Section 2: Student Role
My involvement with the PEACE III team lasted for over a year and encompassed

several different roles. First I underwent significant training in both PP and MI methods and all
study procedures. For the clinical intervention training, I worked closely with team experts in
the intervention content and delivery, listened to session recordings, practiced with actors, and
got weekly supervision. I then completed both 8- and 16-week phone based interventions using
both PP and MI with patients throughout my time with CPRP. I also conducted the daily review
of the patient census to determine which patients were eligible to approach, and I was
responsible for recruiting and enrolling patients from the inpatient cardiology floors at
Massachusetts General Hospital and Brigham and Women’s Hospital along with three other
group members.

Furthermore, I worked with Dr. Rachel Millstein, a PhD psychologist with the CPRP, in
gaining proficiency in statistical analysis using Stata and designing, developing, and
manipulating a dataset with relevant patient factors. I subsequently worked with Dr. Millstein in
designing, running, and summarizing the statistical analyses highlighted in this paper.
Subsequent collaborations with Dr. Jeff Huffman, Dr. Chris Celano, and the other members of

the Cardiac Psychiatry Research Group led to the final product presented in this manuscript.



Section 3: Methods

Study design.

PEACE lll is an ongoing factorial design study that aims to optimize the PP intervention
through three embedded comparisons of intervention components (e.g., booster sessions
versus no boosters) to assess which components are associated with the greatest improvement
in accelerometer-measured physical activity (the primary study outcome measure). All study
procedures were approved by the Partners Healthcare IRB, and the full study procedures of the
PEACE lll study are in press.(43)

Eligible patients were admitted to cardiac inpatient units at Massachusetts General
Hospital or Brigham and Women’s Hospital for ACS, as identified through patient census and
confirmed as needed by physician staff. Further, eligible patients were required to have
suboptimal adherence to health behaviors as measured by the Medical Outcomes Study
Specific Adherence Scale (MOS SAS), submaximal positive affect as measured by the Positive
and Negative Affect Schedule (PANAS), and a lack of cognitive or other deficits that would
impede completion of the PP intervention. Those patients who were interested and eligible for
the study underwent informed consent with a study clinician and then completed baseline
guestionnaires to assess for positive psychological states, medical and functional status, and
pre-admission health behaviors. Patients were subsequently randomized in blocks of 16 to one
of 8 study arms. Using a factorial design, this study utilized three comparisons (n=64 by n=64)
to examine main effects of content, frequency, and boosters on the main outcome of physical
activity (Table 1); all participants received a core PP intervention. Each study participant
received a PP manual consisting of eight PP exercises. The study interventionist explained the

exercises and instructed the patient to complete the first one after leaving the hospital. In



some cases, patients were discharged before the first exercise was assigned in hospital, and the
interventionist would call the participant to explain the first exercise and request it be
completed before the subsequent first phone call. All participants subsequently completed
eight weekly PP exercises and spoke with an interventionist weekly.

In Table 1, program content refers to the type of program the participant received, with
PP representing speaking with a study trainer weekly for 30 minutes to review a recently
completed of PP exercise, discuss a PP exercise for the following week, and consider how to
implement skills from the exercises into daily life. “PP+MI” refers to PP and motivational
interviewing (Ml), in which patients completed both PP exercises and participated in a Ml-based
goal setting program. Participants in these arms spoke with a study trainer weekly for 30
minutes, discussing PP for 15 minutes and Ml for the remaining 15 minutes. “Exercise
frequency” referred to how often participants were instructed to perform each PP exercise, and
“booster sessions” refers to three additional sessions following the 8 initial weekly phone
sessions
Measures.
Two variables representative of participant engagement were collected. First, the continuous
variable of number of weeks completed out of the eight possible for the core intervention was
recorded for each participant. Second, consistent with prior literature in analyzing engagement
in behavioral health interventions (33), a dichotomous variable termed “early dropout”, defined
as not completing three or more of the phone calls, was recorded for each participant.
Data on age, marital status, living companion status, length of stay, prior ACS, medical

comorbidity (Charlson age-corrected score), peak troponin T, and left ventricular ejection



fraction, were collected via chart review. Data on patient intention to participate, baseline
physical activity, optimism (Life Orientation Test-Revised, or LOT-R), positive affect(PANAS),
stress (Perceived stress scale, or PSS), anxiety (Hospital Anxiety and Depression Scale-anxiety,
or HADS-anxiety), depression (HADS-depression), and race were collected from baseline
surveys conducted in hospital or via phone. Whether or not the first exercise was assigned in
hospital or via phone was also recorded.

Statistical Analyses.

All data analyses were conducted using Stata (StataCorp, College Station, TX) version 11.
Descriptive statistics for the study population were calculated and recorded. Univariate
correlations with this continuous variable were first conducted to determine associations.
Next, a hierarchical multivariable linear regression incorporating successive blocks of
sociodemographic, medical, and psychological variables sequentially as independent predictors,
was completed. Chisquared tests were used to assess associations between dichotomous
predictors and early dropout status (dropout before 3 weeks). Binomial logistic regressions
were run with early dropout as the dichotomous dependent variable and independent

predictor characteristics of interest.

Section 4: Results

Baseline patient characteristics

128 patients enrolled in the study and were randomized to one of the 8 conditions. As shown
in Table 2, 59% of study participants were women and 41% men, 25% were non-white
minorities, and mean age was 63 years old (SD=12.0) with a range from 33-92 years old.

Charlson age corrected scores ranged from 0-15 with a mean of 4.6. (SD=2.6)



Analyses completed with number of weeks completed as continuous dependent variable

The number of weeks completed by participants is displayed in (Figure 1). Out of 1,024 possible
sessions, 652 (64%) were completed. The majority of participants (66) completed 7 weeks or
more. Of the 35 participants who completed 2 weeks or fewer, the majority (26) dropped out
before completing the first call. 73% of participants completed 3 weeks or more, and of these
patients, 63% went on to complete all eight weeks of the intervention. Univariate pairwise
correlations are displayed in Table 3. No single patient predictor was significantly correlated
with increased engagement. A subsequent hierarchical linear regression (Table 4) using the
sequential administration of three different blocks of independent variables showed that a
higher percentage of the variance in the number of weeks completed is explained by adding
medical and psychological variables to baseline sociodemographic variables, with the full model
accounting for 8.1% more variance than the initial model.

Analyses completed with early dropout as the dependent variable

Pearson’s Chi’ tests of individual dichotomous independent variables with the dichotomous
outcome variable of early dropout (defined as completing fewer than 3 weeks) did not show
any single predictor variable that resulted in significantly greater association with early dropout
(Table 5). Binomial logistic regressions run on up to three independent predictors in
combinations with one another similarly did not show any significant association with early
dropout (Table 6).

Section 5: Discussion, Limitations, Conclusions, and Suggestions for further work




Contrary to our initial hypotheses suggesting that at least one baseline patient characteristic
would be associated with higher levels of engagement or lower odds of dropout, the analyses
presented in this manuscript do not suggest any such relationship with the given set of
predictor variables, including age, employment, first ACS, Charlson score, and baseline
optimism. This suggests that once post-ACS patients reach a certain level of baseline medical
and functional capability, factors such as age, race, gender, positive affect, anxiety or
depressive symptoms, additional medical comorbidity, or marital status are not clearly
associated with a higher likelihood of completing additional weeks of the study or a lower
likelihood of early dropout. Interpreted in the context of the literature surrounding behavioral
intervention dropout more broadly, the results of our study fit with the mixed results seen for
sociodemographic and medical predictors of engagement. Particularly in light of the previously
discussed study demonstrating an increased number of reported symptoms in patients who
frequently attended cardiac rehabilitation as opposed to those who did not, we can imagine
that patients who are both post-ACS and willing to participate in a positive psychology
intervention when approached represent a population already enriched in people experiencing
sufficient psychological distress from their illness to support intervention engagement.
Encouragingly, over 70% of participants completed at least three sessions of the
behavioral health intervention once enrolled. Additionally, once participants completed at
least three weeks, over 60% went on to complete all 8 weeks of the intervention, suggesting
that focusing on additional support in the first few weeks of such interventions may be
particularly helpful in building alliance and treatment engagement. Ultimately, the results of

this study support two main conclusions: that a phone-based PP intervention is feasible and



engages post-ACS patients, and that there are no clear baseline factors as measured in this
study that are associated with completion of phone sessions in the intervention.
Limitations and future research.

This study took place in an academic medical center with research staff dedicated to
thorough follow up with participants, so further study of the retention rate in a more widely
applicable setting could provide a different outcome. Similarly, the study had only a moderate
sample size (N=128) a larger sample would have been even more strongly powered to detect
correlations between baseline patient characteristics and participant engagement.
Furthermore, the inpatient population selected for approach was both motivated and willing to
participate in a PP-based intervention after speaking with a study representative, and this
population likely does not represent the population at large. Finally, as a direction of future
research, 74% of participants who dropped out early did so before completing a single session.
This population in particular may prove to have a high cost:benefit ratio, as participants were
given study materials prior to discharge and subsequently did not receive the guidance
necessary for the full intervention. In some cases, study equipment was recovered upon
further contact, but this added to the administrative burden of the case. Further study may
reveal characteristic factors of this particular patient population that would likely greatly

increase the costs for any group, academic or not, trying to implement a similar intervention.
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Tables and Figures

Table 1

Descriptions of condition components in the PEACE Ill study
Condition Program Content Exercise Frequency Booster Sessions
1 PP only Weekly No
2 PP only Daily No
3 PP+MI Weekly No
4 PP+MI Daily No
5 PP only Weekly Yes
6 PP only Daily Yes
7 PP+MI Weekly Yes
8 PP+MI Daily Yes




Table 2

Baseline data for PEACE Ill participants

Characteristic Metric Range
Gender Number (%)
Men 52 (41) -
Women 76 (59) -
Age Mean (SD)

63.1 (12.0) 33-92
Race Number (%)
Non-white 31 (24) -
White 94 (75) -
Lives alone Number (%)
Yes 36 (29) -
No 90 (71) ;
Married Number (%)
Yes 70 (55) -
No 58 (45) -
Prior ACS (Number (%)
Yes 41 (32) -
No 86 (68) -
Charlson age related score Mean (SD)

4.6 (2.6) 0-15
Current smoker Number (%)
Yes 23 (18) -
No 104 (82) -
Length of stay Mean (SD)

3.2(2.7) 1-20
Baseline physical activity (PAR) | Mean (SD)

262.6 (53.2) 210-624.5
Intention to participate Mean

9.167 (1.1) 5-10




Figure 1
Distribution of participant number of weeks completed out of 8

Weeks completed out of 8

Number of weeks completed



Table 3
Univariate pairwise correlations with dependent variable of number of weeks completed

Coefficient P
Medical
Charlson age- 0.02 0.83
related score
Peak troponin-t 0.02 0.84
Left ventricular 0.00 1.00
ejection fraction
Length of stays 0.03 0.70
PAR baseline 0.09 0.32
Psychological
LOT-R total 0.04 0.68
PANAS total -0.05 0.57
PSS total -0.01 0.91
Intention to 0.06 0.49
participate
HADS-anxiety 0.00 1.00
HADS-depression 0.04 0.69
LOTR-O -0.01 0.89
LOTR-P 0.07 0.43
Sociodemographic
Age 0.07 0.46
Age <50 -0.01 0.94
Race 13.08 0.11
Gender 6.93 0.54
Lives alone 6.74 0.57
First exercise 0.00 0.96
Marital status 0.10 0.27
Current smoker -0.04 0.62
Table 4

Hierarchical regression with dependent variable of number of weeks completed



Variable Beta (Cl) R R’ change
Model 1: Gender -.468 (-1.750, 0.815) 0.028
Sociodemographic
(Gender, age, Age 0.043 (-0.013, 0.099)
race, lives alone)
Race 0.879 (-0.660, 2.418)
Lives alone -0.336 (-1.658, 0.985)
Model 2: Gender -.819 (-2.362, 0.725) 0.039 0.011
Sociodemographic
+ medical Age 0.126 (-0.065, 0.091)
(Charlson, peak
tnt) Race 0.865 (-0.912, 2.641)
Lives alone -0.441 (-1.895, 1.013)
Charlson 0.212 (-0.180, 0.603)
Peak TnT -0.045 (-0.293, 0.202)
Model 3: Gender -0.896 (-2.510, 0.717) 0.092 0.053
Sociodemographic
+ medical + Age 0.014 (-0.074, 0.103)
psychological
(PANAS, LOTR Race 0.819 (-1.086, 2.724)
trait, HADS
anxiety, HADS Lives alone -0.670 (-2.21, 0.873)
depression, 1°
exercise in Charlson 0.270 (-0.138, 0.678)
hospital)
Peak TnT -0.021 (-0.270, 0.229)
PANAS total -0.063 (-0.173, 0.046)
LOTR trait 0.094 (-0.075, 0.263)
HADS anxiety 0.082 (-0.121, 0.284)

HADS depression

0.129 (-0.126, 0.384)

t .
1* exercise

0.682 (-0.762, 2.126)




Table 5
Pearson’s Chi’ results for dependent variable of early dropout

Pearson’s coefficient P-value

0.980 0.322
Gender
Race 1.053 0.305
First ACS 1.038 0.308
1% exercise assigned 0.016 0.899
Lives alone 0.708 0.400
MI? 0.094 0.759
Marital status 0.690 0.406
Current smoker 0.012 0.913
Age <50 0.595 0.440




Table 6

Binomial logistic regression with early dropout as dichotomous dependent variable

OR (95% ClI) YA P>[z]
Gender 1.238 (0.487, 3.147) 0.45 0.653
Age 0.982 (0.942, 1.023) -0.87 0.384
Race 0.482 (1.44, 1.611) -1.18 0.236
1" exercise assigned 0.998 (0.417, 2.391) -0.00 0.997
Lives alone 1.567 (0.635,3.866) 0.98 0.329
Charlson 0.936(0.771, 1.135) -0.67 0.502
PeakTnT 1.0943 (0.884, 1.232) 0.50 0.616
Length of stay 0.785 (0.594, 1.036) -1.71 0.088
PANAStotal 1.012 (0.951, 1.077) 0.37 0.710
LOTRtTotal 0.970 (0.880, 1.070) -0.60 0.549
PSStotal 1.005 (0.863, 1.171) 0.07 0.945
HADSA 1.022 (0.903,1.157) 0.35 0.729
HADSD 0.927 (0.796, 1.079) -0.98 0.326




