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Ischemic heart disease (IHD) has been the leading cause of 
hospitalization and mortality for many years.1,2 Because 

mortality rates have shown a steady decline in the previous 
2 decades,3 IHD has shifted toward becoming a more chronic 
disease, with the accompanying risk of impaired psychologi-
cal functioning and quality of life. Patients with IHD report 
a higher prevalence of depression, anxiety, and other nega-
tive affective states, which have been associated with adverse 
health outcomes, including major adverse cardiac events, 
hospitalization, and mortality.4–11 By contrast, the potential 
influence of positive affect in relation to health outcomes in 
IHD has been largely neglected. Positive affect refers to the 
tendency to experience pleasurable emotions, including joy, 
happiness, excitement, enthusiasm, and contentment,12 and is 
not merely the opposite of negative affect, as both types of 

affect can be present simultaneously.13 A number of studies 
have investigated the association between positive psycho-
logical well-being and cardiovascular outcomes, but only a 
few studies have specifically focused on positive affect.14 The 
majority of these studies found positive affect to be associated 
with better cardiovascular outcomes.15–17

However, the mechanisms underlying the association 
between positive affect and medical outcomes remain largely 
unknown. Exercise might be one of these candidate mecha-
nisms, because positive affect has been related to increased 
exercise because of more adequate coping strategies and 
higher levels of self-regulation,18–21 and exercise has been 
shown to be an important predictor of prognosis.22,23

Therefore, the aims of this study were to investigate 
whether (1) positive affect was predictive of time to first 

Background—Positive affect has been associated with better prognosis in patients with ischemic heart disease, but the 
underlying mechanisms remain unclear. We examined whether positive affect predicted time to first cardiac-related 
hospitalization and all-cause mortality, and whether exercise mediated this relationship in patients with established 
ischemic heart disease.

Methods and Results—The sample comprised 607 patients with ischemic heart disease from Holbæk Hospital, Denmark. 
In 2005, patients completed the Global Mood Scale (GMS) to assess positive affect and a purpose-designed question 
on exercise. Data on mortality and hospitalization were collected from Danish national registers for the period 
2006–2010. Adjusted Cox and logistic regression were used to analyze the mediation model. Because no significant 
association between positive affect and cardiac-related hospitalization was found, we constructed no mediation model 
for hospitalization. Importantly, patients with high positive affect had a significantly reduced risk of all-cause mortality 
(hazard ratio, 0.58; 95% confidence interval, 0.37–0.92; unadjusted analysis) and were more likely to exercise (odds 
ratio, 1.99; 95% confidence interval, 1.44–2.76; unadjusted analysis; odds ratio, 1.48; 95% confidence interval, 1.03–
2.13; adjusted analysis). When controlling for positive affect and other relevant variables, patients engaged in exercise 
were less likely to die during follow-up (hazard ratio, 0.50; 95% confidence interval, 0.31–0.80; P=0.004). Importantly, 
exercise acted as a mediator in the relationship between positive affect and mortality.

Conclusions—Patients with higher levels of positive affect were more likely to exercise and had a lower risk of dying during 
5-year follow-up, with exercise mediating the relationship between positive affect and mortality. Interventions aimed at 
increasing both positive affect and exercise may have better results with respect to patients’ prognosis and psychological 
well-being than interventions focusing on 1 of these factors alone.   (Circ Cardiovasc Qual Outcomes. 2013;6:559-566.)
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cardiac-related hospitalization and all-cause mortality, and (2) 
exercise mediated the relationship between positive affect and 
hospitalization and mortality in patients treated for IHD in an 
outpatient setting.

Methods
Patient Sample and Study Design
Patients (n=938) treated for IHD in an ambulatory setting at Holbæk 
Hospital, Denmark, comprised the current study sample. All patients 
participated in the cross-sectional survey of the international health-
related quality of life questionnaire (HeartQoL) project, primarily 
designed to develop and validate a new core health-related quality 
of life questionnaire for patients with IHD. The patient sample has 
been described previously.24 In short, patients with documented an-
gina (Canadian Cardiovascular Society functional classes II, III, or 
IV), myocardial infarction, and ischemic heart failure (New York 
Heart Association functional classes II, III, and IV), ≥18 years of 
age with sufficient understanding of the Danish language to complete 
the self-administered battery of health-related quality of life instru-
ments were eligible for inclusion. Patients were identified in local 
databases, after which medical records were screened according to 
the inclusion and exclusion criteria by trained nurses. Because psy-
chiatric patient files are not accessible as part of the medical record 
in Denmark, patients were only excluded if they were diagnosed with 
severe or acute psychiatric illness known by the responsible cardiolo-
gist. Because use of psychotropic medication is not uncommon in 
patients with medical illness but does not necessarily indicate severe 
psychiatric illness and inability to complete a psychological ques-
tionnaire, only patients suffering from a serious psychiatric disorder 
and current substance abusers were excluded from participation.

In November and December 2005, patients completed a battery of 
self-reported questionnaires. A reminder was sent to patients if the 
questionnaire was not returned within 4 weeks. Questionnaire data 
were linked to data from the national Danish registers by using the 
unique personal identification number (CPR number) assigned to all 
persons living permanently in Denmark. Data extraction and pro-
cessing were accomplished according to the Act on Processing of 
Personal Data (Act No. 429 of 31 May 2000 with amendments: http://
datatilsynet.dk/english) to follow the rules and regulations stated in 
the Danish law. The study was approved by the review committee of 
the Holbæk Hospital, Denmark.

Measures
Sociodemographic and Clinical Variables
Several Danish national registers were used to extract information 
on demographic and clinical characteristics.25 The Civil Registration 
System was used to obtain information on gender, age, marital 

status, and vital status. Information on highest completed educa-
tion was extracted from the Population’s Education Register, and the 
Register-based Labor Force Statistics was used to look up informa-
tion on occupational status. To ensure that medical conditions that 
may impact on the relationship between positive affect and mortal-
ity was recognized, information on clinical history up to 10 years 
before baseline (January 1996–November 2005) was collected from 
the National Patient Register. This information included the diag-
noses and hospital surgeries of myocardial infarction, angina, heart 
failure, arrhythmias, cardiac arrest, percutaneous coronary interven-
tion, coronary artery bypass grafting surgery, peripheral arterial dis-
ease, cerebrovascular disease, hypertension, hypercholesterolemia, 
renal failure, diabetes mellitus, and chronic obstructive pulmonary 
disease. Information on medication use in 2005, including cardiac 
(ie, β-blockers, statins, diuretics, calcium antagonists, angiotensin-
converting enzyme inhibitors, angiotensin-II antagonists, antiarrhyth-
mics, and digoxin) and psychotropic (ie, antidepressants, anxiolytics, 
and hypnotics) medications, was collected from the Danish National 
Prescription Registry, which contains all dispensed prescriptions in 
Denmark. Furthermore, the questionnaire contained information on 
health behaviors, including physical exercise, smoking (yes/no), and 
body mass index.

Mortality and Hospitalization
Information on survival status and cause of death between January 
2006 and December 2010 was collected from the Danish Register of 
Causes of Death. In the present study, all-cause mortality was used 
as an end point. The National Patient Register was used to extract 
information on hospitalization for cardiac diagnoses focusing only 
on inpatient hospital visits. Hospitalizations were categorized accord-
ing to the International Classification of Diseases (ICD-10) codes: 
I20 for angina, I21-I22 for myocardial infarction, I23-I25 for IHD, 
and I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5-I42.9, I43, I50, and 
P29.0 for heart failure. The first hospitalization for cardiac reasons 
during follow-up was used as an end point.

Exercise
Information on exercise during leisure time was obtained via a pur-
pose-designed question with 4 possible response options as follows: 
(1) no exercise; (2) 1 to 2 times a week exercise; (3) 3 to 5 times a 
week exercise; and (4) >5 times a week exercise. For analytic pur-
poses and according to the American Heart Association/American 
College of Cardiology guidelines,26 these 4 categories were reduced 
to a dichotomous variable with no exercise (original category 1) ver-
sus moderate to intensive exercise (original categories 2, 3, and 4).

Positive and Negative Affect
The Global Mood Scale, used to assess positive and negative affect 
in this study, was originally developed in cardiac patients.27 The 2-di-
mensional questionnaire consists of 20 items, including 10 positive 
affect items (ie, relaxed, self-confident) and 10 negative affect items 
(ie, helpless, insecure). Items are rated on a 5-point Likert scale from 
0 (not at all) to 4 (extremely), with a score range of 0 to 40.27 The  
Global Mood Scale is a psychometrically sound instrument with re-
spect to its internal consistency (Cronbach’s α=0.94 for positive affect 
and 0.93 for negative affect)28 and test-retest reliability (r>0.57)27 that 
has been validated in Danish cardiac patients29 and has been shown 
to be responsive to treatment-related changes after cardiac rehabilita-
tion.30 In our study, a median split was used to identify patients with 
high- versus low positive and negative affect.31,32 Median split values 
were ≥24 for positive and ≥8 for negative affect, respectively.

Statistical Analyses
Baseline characteristics between study participants and patients ex-
cluded from analyses, and between patients with high versus low 
positive affect were compared with the χ2 test (Fisher exact test 
when appropriate) for nominal variables and Student independent 
samples t test for continuous variables. To test our hypothesis that 
patients with high positive affect have a lower risk of hospitaliza-
tion and mortality, and that this relationship is mediated by exercise, 
we first checked the assumptions of the mediation model according 

What Is known

•	 Positive affect has been associated with better prog-
nosis in patients with ischemic heart disease, but the 
underlying mechanisms remain unclear.

What THE STUDY Adds

•	 Identification of exercise as a possible mediating 
mechanism explaining the relationship between 
positive affect and prognosis, independent of demo-
graphic and clinical characteristics.

•	 Recommendations for effective combined physical 
and psychological treatment strategies in clinical 
practice.

http://datatilsynet.dk/english
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to Baron and Kenny33: (1) positive affect had to be associated with 
hospitalization and mortality, (2) positive affect had to be associated 
with the hypothesized mediator exercise, and (3) exercise had to be 
related to hospitalization and mortality, adjusting for positive affect. 
Assumptions (1) and (3) were assessed using Cox regression. Prior 
to Cox regression analyses, the proportional hazards assumption was 
checked by inspection of the log-minus-log plots for each dichoto-
mous variable in the model and by inspection of partial residual plots 
for continuous variables. Cumulative survival curves for positive af-
fect (ie, high versus low positive affect) were constructed using the 
Kaplan–Meier method and log-rank test to compare the proportion 
of cumulative survival stratified by group. Assumption (2) was tested 
using logistic regression. Afterward, several demographic and clini-
cal covariates were added to the model. A priori we decided to adjust 
for age, sex, body mass index, use of psychotropic medication, and 
presence of negative affect because positive and negative affect can 
be experienced at the same time.13 In addition, a comorbidity index 
(the Tu index) was constructed according to the Ontario acute myo-
cardial infarction prediction rules which was also added as a covari-
ate to the model.34 The advantage of this specific index is that it is 
adapted to the risk profile of patients with a cardiac condition.34 We 
included all in- and outpatient contacts for heart failure, cardiogenic 
shock, arrhythmia, pulmonary edema, malignancy, diabetes mel-
litus with complications, cerebrovascular disease, acute or chronic 
renal failure, and chronic obstructive pulmonary disease in the pe-
riod 1995–2005 for the construction of the index. The Tu index was 
included as a continuous variable in the adjusted model. Data were  
analyzed using PASW Statistics 19 statistical software  
(PASW IBM Corp, Armonk, NY). All tests were 2-tailed, and a P 
value <0.05 was used to indicate statistical significance.

Results
Participants Versus Nonparticipants
From the 938 eligible patients treated for IHD, 662 filled out 
the questionnaires (response rate, 70.6%). For 55 of these 
patients, data on the Global Mood Scale (n=45) or exercise 
(n=10) were missing. These patients were, therefore, also 
considered as nonparticipants and excluded from statistical 
analyses, leaving 607 patients for analyses (ie, study par-
ticipants). We compared participants and nonparticipants on 
baseline characteristics. Nonparticipants were significantly 
more likely to live alone (P<0.001); have a low-educational 
level (P<0.001); be unemployed (P=0.010); have a history of 
heart failure (P<0.001), arrhythmia (P=0.030), and cerebro-
vascular disease (P<0.001); and use diuretics (P=0.004) and 
antidepressants (P= 0.022). Finally, patients who did not com-
plete the questionnaire were significantly more likely to die 
during the 5 years of follow-up (P<0.001).

Baseline Characteristics
Baseline sociodemographic and clinical characteristics of the 
total patient sample and stratified by the presence of high ver-
sus low positive affect are displayed in Table 1. The mean age 
was 65.5±10.7 years, and 75.5% of the patients were men. 
Of all patients, 278 (46.0%) were not regularly exercising, 
whereas 328 (54.0%) reported to be involved in moderate 
to intensive exercise. Patients with high positive affect were 
more likely to be men (P=0.002), higher educated (P<0.001), 
and employed (P=0.004). No differences between patients 
with high versus low positive affect were found with respect 
to clinical risk factors, except for patients with high positive 
affect being less likely to have diabetes mellitus (P=0.039) 
and chronic obstructive pulmonary disease (P<0.001). On 

medication use, patients with high positive affect were less 
likely to be prescribed diuretics (P=0.006) and to use psycho-
tropic medications (P<0.001 for antidepressants and anxiolyt-
ics; P=0.001 for hypnotics).

Events During the 5-Year Follow-Up Period
In total, 80 patients (13.2%) died during follow-up (mean 
follow-up period, 4.7±0.9 years; range, 0.2–5.0 years). Three 
patients were lost to follow-up because of migration and were 
censored at the date of migration. Twenty-nine patients died 
because of cardiovascular disease, 14 patients died of cancer, 
6 patients died because of respiratory disease, 2 patients died 
because of diabetes mellitus, 1 patient died of renal failure, 
1 patient committed suicide, 7 patients died because of other 
causes, and 23 patients died of unknown causes.

Positive Affect, Exercise, and Mortality
According to the log-minus-log and partial residual plots, the 
proportional hazards assumption was met for each variable 
in the model. The number of all-cause deaths during follow-
up was 30 (9.9%) in patients with high positive affect and 50 
(16.5%) in patients with low-positive affect, with the cumula-
tive hazard functions differing significantly between patients 
with high versus low positive affect (log-rank χ2=5.59; 
P=0.018; Figure  1). In unadjusted Cox regression analy-
sis, high positive affect was significantly associated with a 
reduced risk of mortality (hazard ratio [HR], 0.58; 95% confi-
dence interval [CI], 0.37–0.92; P=0.020). The associated risk 
reduction was 42%, thus supporting the first assumption of the 
mediation model.

The second assumption of the model was tested with logistic 
regression analysis. Positive affect was significantly associated 
with exercise in both unadjusted (odds ratio, 1.99; 95% CI, 
1.44–2.76; P<0.001) and adjusted (odds ratio, 1.48; 95% CI, 
1.03–2.13; P=0.036) analyses, with patients reporting high lev-
els of positive affect being more likely to be physically active.

Cox regression analysis showed that patients engaging in 
exercise were less likely to die during follow-up both unad-
justed (HR, 0.39; 95% CI, 0.24–0.62; P<0.001) and adjusted 
(HR, 0.41; 95% CI, 0.26–0.66; P<0.001) for positive affect, 
confirming the third assumption of the mediation model. 
When examining whether the relationship between positive 
affect and mortality was mediated by exercise, the relation-
ship between positive affect and mortality became marginally 
significant (HR, 0.65; 95% CI, 0.43–1.07; P=0.09) once exer-
cise was included in the model, indicating mediation. In the 
final, further adjusted model, controlling for sex, age, body 
mass index, Tu comorbidity index, negative affect, and the use 
of psychotropic medication, exercise remained a significant 
independent predictor of mortality (HR, 0.50; 95% CI, 0.31–
0.80; P=0.004; Table 2; Figure 2).

Repeating the results with a continuous measure of posi-
tive affect yielded similar results with respect to the associa-
tion between positive affect and mortality (HR, 0.97; 95% 
CI, 0.95–0.998; P=0.033), results of the association between 
exercise and mortality remained similar, and comparable 
results were found for the adjusted mediation model (positive 
affect: HR, 1.01; 95% CI, 0.98–1.04; P=0.62; exercise: HR, 
0.51; 95% CI, 0.32–0.83; P=0.007).
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Positive Affect, Exercise, and Hospitalizations
The incidence of hospitalization for myocardial infarction, 
angina, heart failure, and IHD was 145 (47.7%) for patients 
with high positive affect and 167 (55.1%) for patients with low 
positive affect. We found no significant association between 

positive affect and cardiac-related hospitalization (log-rank 
χ2=3.37; HR, 0.81; 95% CI, 0.65–1.02; P=0.07) in unadjusted 
analysis. Because the first assumption of the model was not 
supported, a mediation model for positive affect and exercise 
in relation to hospitalization was not pursued further.

Table 1.  Baseline Characteristics for the Total Study Population Stratified by Positive Affect*

Total, n=607
High Positive Affect 
(GMS≥24), n=304

Low Positive Affect 
(GMS<24), n=303 P Value

Sociodemographics

  Age (mean±SD) 65.49 (10.73) 64.87 (10.01) 66.11 (11.39) 0.15

  Men 458 (75.5) 246 (80.9) 212 (70.0) 0.002

  Living alone† 137 (22.6) 64 (21.1) 73 (24.2) 0.36

  Low education‡ 255 (42.0) 106 (34.9) 149 (49.2) <0.001

  Currently employed§ 193 (32.0) 114 (37.5) 79 (26.4) 0.004

Clinical factors

  Myocardial infarction 356 (58.6) 177 (58.2) 179 (59.1) 0.83

  Angina 289 (47.6) 135 (44.4) 154 (50.8) 0.11

  Heart failure 198 (32.6) 91 (29.9) 107 (35.3) 0.16

  Arrhythmias║ 127 (20.9) 60 (19.7) 67 (22.1) 0.47

  Cardiac arrest 5 (0.8) 2 (0.7) 3 (1.0) 0.65

  Previous PCI 275 (45.3) 141 (46.4) 134 (44.2) 0.59

  Previous CABG 127 (20.9) 62 (20.4) 65 (21.5) 0.75

  PAD 65 (10.7) 32 (10.5) 33 (10.9) 0.88

  Cerebrovascular disease 46 (7.6) 20 (6.6) 26 (8.6) 0.35

  Hypertension 215 (35.4) 102 (33.6) 113 (37.3) 0.34

  Renal failure 23 (3.8) 12 (3.9) 11 (3.6) 0.84

  Diabetes mellitus 59 (9.7) 22 (7.2) 37 (12.2) 0.039

  COPD 50 (8.2) 11 (3.6) 39 (12.9) <0.001

  Smoking¶ 152 (25.2) 78 (25.7) 74 (24.8) 0.82

  BMI (mean±SD)# 27.35±4.54 27.11±4.39 27.59±4.69 0.19

Medication

  β-blockers 472 (77.8) 236 (77.6) 236 (77.9) 0.94

  Statins 491 (80.9) 248 (81.6) 243 (80.2) 0.67

  Diuretics 285 (47.0) 126 (41.4) 159 (52.5) 0.006

  Calcium antagonists 160 (26.4) 79 (26.0) 81 (26.7) 0.84

  ACE inhibitors 240 (39.5) 117 (38.5) 123 (40.6) 0.60

  Angiotensin-II antagonists 123 (20.3) 61 (20.1) 62 (20.5) 0.90

  Antiarrhythmics** 11 (1.8) 7 (2.3) 4 (1.3) 0.36

  Digoxin 45 (7.4) 17 (5.6) 28 (9.2) 0.09

  Psychotropic medication

    Antidepressants 60 (9.9) 17 (5.6) 43 (14.2) <0.001

    Anxiolytics 69 (11.4) 20 (6.6) 49 (16.2) <0.001

    Hypnotics 98 (16.1) 34 (11.2) 64 (21.1) 0.001

ACE indicates angiotensin-converting enzyme; BMI, body mass index (kg/m2); CABG, coronary artery bypass grafting; 
COPD, chronic obstructive pulmonary disease; GMS, global mood scale; n, number; PAD, peripheral arterial disease; and PCI, 
percutaneous coronary intervention.

*Results are presented as n (%) unless otherwise indicated. 
†1 missing (0.2%).
‡Less than secondary school. 
§4 missing (0.7%).
║Including both ventricular and atrial arrhythmias.
¶5 missing (0.8%). 
#15 missing (2.5%). 
**Class I and III antiarrhythmics. 
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Again, we also examined the results with a continuous 
measure of positive affect. There was a significant associa-
tion between positive affect and hospitalization in unadjusted 
analysis (HR, 0.98; 95% CI, 0.97–0.99; P=0.004), and we also 
found a significant association between exercise and hospi-
talization (with patients performing exercise being less likely 
to be hospitalized for cardiac diagnoses when compared with 
patients not performing exercise: odds ratio, 0.76; 95% CI, 
0.61–0.95). However, there was no mediating effect of exer-
cise because neither the association between positive affect 
and hospitalization (HR, 0.998; 95% CI, 0.98–1.01; P=0.79) 
nor the relationship between exercise and hospitalization (HR, 
0.90; 95% CI, 0.72–1.14; P=0.39) was significant in the medi-
ation model.

Discussion
The associations among positive affect and mortality, positive 
affect and exercise, and exercise and mortality have frequently 
been investigated separately, but the mediating effect of exer-
cise on the relationship between positive affect and mortality 
in 1 model remains understudied. We found that high levels 
of positive affect were associated with a 42% risk reduction 
in all-cause mortality during a 5-year follow-up period in 
patients with established IHD, whereas no relationship was 
found with cardiac-related hospitalizations. When adding 
exercise to the model, with exercise being significantly asso-
ciated with mortality, the relationship between positive affect 
and mortality became marginally significant. These results 
indicate that exercise might act as a mediator in this relation-
ship, independent of demographic and clinical risk factors.

Our finding that high levels of positive affect reduce the 
risk of mortality has been confirmed by previous studies in 
both the general35,36 and cardiovascular14,16,17,37 populations. 
However, no study has been specifically focusing on the effect 
of positive affect on long-term mortality in patients with IHD. 
The association between positive affect and exercise merits 
more attention as well because a paucity of studies has con-
sidered this relationship. Available research shows a positive 
association between positive affect and exercise,18,38,39 which is 
confirmed by the present results. Only 1 similar study assess-
ing the mediating role of exercise in the relationship between 
positive affect and mortality has been performed so far, yield-
ing similar results.40 Our study confirms this knowledge by the 
use of highly reliable data on clinical history, hospitalization, 
and mortality from the national Danish registers.

However, because positive affect and exercise were both 
measured at baseline, the design of this study does not per-
mit to draw conclusions about the direction of causality. In 
the literature, evidence exists for both directions. Netz et al41 

Figure 1. Cumulative survival curve for  
all-cause mortality, stratified by the 
presence of high vs low positive affect.

Table 2.  Association Between Predictors and All-Cause 
Mortality (Adjusted Model)*

Predictor HR 95% CI P Value

Positive affect 0.82 0.50 to 1.35 0.43

Exercise 0.50 0.31 to 0.80 0.004

Sex 1.27 0.75 to 2.17 0.38

Age 1.04 1.02 to 1.07 <0.001

BMI 0.96 0.91 to 1.01 0.09

Tu comorbidity index† 1.76 1.46 to 2.13 <0.001

Psychotropic medication 1.48 0.93 to 2.36 0.10

Negative affect 1.08 0.64 to 1.85 0.77

BMI indicates body mass index (kg/m2); CI, confidence interval; and HR, 
hazard ratio.

*All described variables are included in this adjusted model. 
†Cumulative index composed of all in- and outpatient contacts for heart 

failure, cardiogenic shock, arrhythmia, pulmonary edema, malignancy, diabetes 
mellitus with complications, cerebrovascular disease, acute or chronic renal 
failure, and chronic obstructive pulmonary disease in the period 1995–2005, 
with a score range of 1 to 5.
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concluded in their meta-analysis that engaging in exercise 
leads to improved psychological well-being. In a random-
ized controlled trial, positive affect increased in patients who 
engaged in walking and yoga activities during follow-up when 
compared with patients who were not physically active.42 The 
opposite direction has also been studied. In 2132 sedentary 
adults, those with a more positive outlook on life were more 
likely to exercise during 6 months of follow-up than adults 
who did not feel positive.18 To our knowledge, the only study 
that investigated the effect of positive affect on exercise in car-
diac patients was a randomized controlled trial in postpercuta-
neous coronary intervention patients.19 In this study, positive 
affect induction led to increased exercise and energy expendi-
ture during 12 months of follow-up, and patients with higher 
positive affect were capable of maintaining their physically 
active lifestyle during the entire follow-up period. Importantly, 
the intervention was particularly effective in patients with a 
high-comorbidity burden. These and other results suggest that 
patients with higher levels of positive affect might possess 
more adequate coping strategies, and higher levels of self-
regulation, by which health-behavior change, including being 
physically active, can occur and be maintained.20,21 Drawing 
conclusions about the direction of the relationship is yet pre-
mature, but the most likely conclusion regarding this inter-
relationship would be that it is bidirectional.40

Examining the mechanisms that may explain the rela-
tionship between positive affect and mortality is important 
because these mechanisms could provide us with information 
on targets for future intervention. Exercise is used in cardiac 
rehabilitation settings to improve patients’ functional status 
and prognosis.43 However, many patients do not achieve and 
maintain a desirable level of exercise even when they par-
ticipate in a cardiac rehabilitation program.44,45 Identification 
of the factors that determine whether a patient will engage 
in exercise training is, therefore, very important. Among oth-
ers, being women, having a low-educational level, having 
a high-comorbidity burden, depression, and having a low 
physical activity level before the onset of disease have been 
shown to be predictive of a poor exercise pattern in cardiac 
patients.46,47 Besides these demographic and clinical factors, 
patients’ personality traits, including positive affect, may also 
determine the extent to which patients are physically active. 
Interventions aimed at elevating patients’ exercise levels may 
be much more effective when the underlying mechanism is 
modified as well. Focusing on increasing positive affect could, 
thus, increase the likelihood of the accomplishment and main-
tenance of a healthy exercise pattern.

The results of this study should be interpreted with the fol-
lowing limitations in mind. First, the nonparticipants of this 

study were more likely to have a higher risk profile, both in 
terms of sociodemographic and clinical risk factors. We had 
no information on positive affect and exercise of the nonpar-
ticipants in this study, but given that these patients tended to 
be sicker and more likely to use antidepressants, they may 
have had lower positive affect and exercise scores than those 
who did respond to the questionnaire. Nevertheless, this 
implies that the associations found in this study are likely 
to be underestimated and that the direction of the results 
would not be different had these patients been included. 
Second, because information on cause of death was missing 
for a subset of patients (n=23), we used all-cause mortality 
as the primary end point and were not able to differentiate 
between cardiac- and noncardiac-related causes of death. 
Furthermore, because of the limited number of events, we 
did not include symptoms of depression and anxiety as addi-
tional covariates in our analyses. However, as the negative 
affect component shared across different negative emotions 
has been shown to independently predict disease pathology 
in cardiac patients,48 we decided to include a broad measure 
of negative affect instead of the more narrow representations 
of negative affect, such as anxiety and depression. In addi-
tion, the sample mainly consisted of patients from European 
origin. As such, the results are not necessarily generalizable 
to patients of other races. Finally, we did not have informa-
tion on patients’ exercise intensity and type of exercise. These 
aspects should be incorporated in future research because 
they may impact on the relationship between positive affect 
and exercise, and exercise and prognosis.

An important strength of the study is the use of registers to 
collect data on demographic and clinical characteristics, hos-
pitalizations, and mortality. This enables us to provide reli-
able information with respect to the demographic and clinical 
risk profiles of the patients. In addition, we used a validated 
self-report scale of positive affect that was developed in car-
diac patients. Although some studies advocate the use of 
interviews to measure affect, scores on self-report scales have 
shown to be highly correlated with interviewer-based levels.49 
Third, we adjusted for important potential demographic and 
clinical confounders in the mediation model, including nega-
tive affect, because positive and negative affect are indepen-
dent constructs.13 Finally, the prospective study design with a 
relatively long follow-up duration also comprises a strength 
of the study.

In conclusion, we found that patients with higher levels 
of positive affect were more likely to exercise and were at 
lower risk of dying during 5 years of follow-up, with exer-
cise mediating the relationship between positive affect and 
mortality, independent of demographic and clinical risk 

Figure 2. Final mediation model for positive affect, 
exercise, and mortality (adjusted model). HR 
indicates hazard ratio; and OR, odds ratio. *Results 
with an asterisk are unadjusted; all other reported 
results are from the fully adjusted model, including 
sex, age, body mass index, Tu index, negative 
affect, and the use of psychotropic medication as 
covariates.
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factors. Because positive affect is related to exercise, inter-
ventions aimed at positive affect induction in combination 
with exercise promotion may induce better outcomes for 
patients, both in terms of increasing the likelihood of the 
accomplishment and maintenance of a healthy exercise 
pattern and in terms of better psychological functioning, 
than interventions focusing on the promotion of exercise 
alone. Future studies should focus on the development of 
such interventions tailored to the specific needs of patients 
with IHD.

Sources of Funding
This project was funded by the Research Council of the Region 
Sjælland, the Danish Heart Foundation, and, in part, a VIDI 
(91710393) grant to Dr Pedersen from the Netherlands Organization 
for Health Research and Development (ZonMw), The Hague, The 
Netherlands.

Disclosures
Dr Pedersen has received moderate consultancy and speaker’s fees 
from St. Jude Medical, Sanofi-Aventis, Medtronic, and Cameron 
Health BV in the past and is currently serving as a consultant 
for Boston Scientific. Dr Zwisler has received speaker’s fees 
from Pfizer, MSD, and Astra Zeneca. The other authors report no 
conflicts.

References
	 1.	 Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, 

Bravata DM, Dai S, Ford ES, Fox CS, Fullerton HJ, Gillespie C, Hailpern 
SM, Heit JA, Howard VJ, Kissela BM, Kittner SJ, Lackland DT, Lichtman 
JH, Lisabeth LD, Makuc DM, Marcus GM, Marelli A, Matchar DB, Moy 
CS, Mozaffarian D, Mussolino ME, Nichol G, Paynter NP, Soliman EZ, 
Sorlie PD, Sotoodehnia N, Turan TN, Virani SS, Wong ND, Woo D, 
Turner MB. Executive summary: heart disease and stroke statistics—2012 
update. Circulation. 2012;125:188–197.

	 2.	 Mathers CD, Loncar D. Projections of global mortality and burden of dis-
ease from 2002 to 2030. PLoS Med. 2006;3:e442.

	 3.	 Murphy SL, Xu J, Kochanek KD. Deaths: preliminary data for 2010. Natl 
Vital Stat Rep. 2012;60:1–51.

	 4.	 Frasure-Smith N, Lespérance F, Talajic M. Depression following myo-
cardial infarction: impact on 6-month survival. J Am Med Assoc. 
1993;270:1819–1825.

	 5.	 Grace SL, Abbey SE, Irvine J, Shnek ZM, Stewart DE. Prospective 
examination of anxiety persistence and its relationship to cardiac 
symptoms and recurrent cardiac events. Psychother Psychosom. 2004; 
73:344–352.

	 6.	 Stewart JC, Fitzgerald GJ, Kamarck TW. Hostility now, depression later? 
Longitudinal associations among emotional risk factors for coronary ar-
tery disease. Ann Behav Med. 2010;39:258–266.

	 7.	 Carney RM, Freedland KE. Depression in patients with coronary heart 
disease. Am J Med. 2008;121(11 suppl 2):S20–S27.

	 8.	 Blumenthal JA, Lett HS, Babyak MA, White W, Smith PK, Mark DB, 
Jones R, Mathew JP, Newman MF; NORG Investigators. Depression as 
a risk factor for mortality after coronary artery bypass surgery. Lancet. 
2003;362:604–609.

	 9.	 Roest AM, Martens EJ, Denollet J, de Jonge P. Prognostic association of 
anxiety post myocardial infarction with mortality and new cardiac events: 
a meta-analysis. Psychosom Med. 2010;72:563–569.

	10.	 Nabi H, Kivimaki M, De Vogli R, Marmot MG, Singh-Manoux A; 
Whitehall II Prospective Cohort Study. Positive and negative affect and 
risk of coronary heart disease: Whitehall II Prospective Cohort Study. 
BMJ. 2008;337:a118.

	11.	 Chida Y, Steptoe A. The association of anger and hostility with future 
coronary heart disease: a meta-analytic review of prospective evidence.  
J Am Coll Cardiol. 2009;53:936–946.

	12.	 Pressman SD, Cohen S. Does positive affect influence health? Psychol 
Bull. 2005;131:925–971.

	13.	 Larsen JT, McGraw AP, Cacioppo JT. Can people feel happy and sad at the 
same time? J Pers Soc Psychol. 2001;81:684–696.

	14.	 Boehm JK, Kubzansky LD. The heart’s content: the association between 
positive psychological well-being and cardiovascular health. Psychol Bull. 
2012;138:655–691.

	15.	 Davidson KW, Mostofsky E, Whang W. Don’t worry, be happy: positive 
affect and reduced 10-year incident coronary heart disease: the Canadian 
Nova Scotia Health Survey. Eur Heart J. 2010;31:1065–1070.

	16.	 Denollet J, Pedersen SS, Daemen J, de Jaegere P, Serruys PW, van 
Domburg RT. Reduced positive affect (anhedonia) predicts major clini-
cal events following implantation of coronary-artery stents. J Intern Med. 
2008;263:203–211.

	17.	 Damen NL, Pelle AJ, Boersma E, Serruys PW, van Domburg RT, Pedersen 
SS. Reduced positive affect (anhedonia) is independently associated 
with 7-year mortality in patients treated with percutaneous coronary in-
tervention: results from the RESEARCH registry. Eur J Prev Cardiol. 
2013;20:127–134.

	18.	 Baruth M, Lee DC, Sui X, Church TS, Marcus BH, Wilcox S, Blair SN. 
Emotional outlook on life predicts increases in physical activity among 
initially inactive men. Health Educ Behav. 2011;38:150–158.

	19.	 Peterson JC, Charlson ME, Hoffman Z, Wells MT, Wong SC, Hollenberg 
JP, Jobe JB, Boschert KA, Isen AM, Allegrante JP. A randomized con-
trolled trial of positive-affect induction to promote physical activity after 
percutaneous coronary intervention. Arch Intern Med. 2012;172:329–336.

	20.	 Williams GC, Niemiec CP. Positive affect and self-affirmation are ben-
eficial, but do they facilitate maintenance of health-behavior change? A 
self-determination theory perspective: comment on “a randomized con-
trolled trial of positive-affect intervention and medication adherence in 
hypertensive African Americans.” Arch Intern Med. 2012;172:327–328.

	21.	 Steptoe A, O’Donnell K, Marmot M, Wardle J. Positive affect and psycho-
social processes related to health. Br J Psychol. 2008;99(Pt 2):211–227.

	22.	 Clark AM, Hartling L, Vandermeer B, McAlister FA. Meta-analysis: sec-
ondary prevention programs for patients with coronary artery disease. Ann 
Intern Med. 2005;143:659–672.

	23.	 Taylor RS, Brown A, Ebrahim S, Jolliffe J, Noorani H, Rees K, Skidmore 
B, Stone JA, Thompson DR, Oldridge N. Exercise-based rehabilitation for 
patients with coronary heart disease: systematic review and meta-analysis 
of randomized controlled trials. Am J Med. 2004;116:682–692.

	24.	 Oldridge N, Saner H, McGee HM; HeartQoL Study Investigators. The 
Euro Cardio-QoL Project: an international study to develop a core heart 
disease health-related quality of life questionnaire, the HeartQoL. Eur J 
Cardiovasc Prev Rehabil. 2005;12:87–94.

	25.	 Thygesen LC, Ersbøll AK. Danish population-based registers for public 
health and health-related welfare research – a description of Danish regis-
ters and results from their application in research. London: SAGE; 2011.

	26.	 Smith SC Jr, Allen J, Blair SN, Bonow RO, Brass LM, Fonarow GC, 
Grundy SM, Hiratzka L, Jones D, Krumholz HM, Mosca L, Pasternak RC, 
Pearson T, Pfeffer MA, Taubert KA. AHA/ACC guidelines for secondary 
prevention for patients with coronary and other atherosclerotic vascular 
disease: 2006 update: endorsed by the National Heart, Lung, and Blood 
Institute. J Am Coll Cardiol. 2006; 47:2130–2139.

	27.	 Denollet J. Emotional distress and fatigue in coronary heart disease: the 
Global Mood Scale (GMS). Psychol Med. 1993;23:111–121.

	28.	 Denollet J, De Vries J. Positive and negative affect within the realm of 
depression, stress and fatigue: the two-factor distress model of the Global 
Mood Scale (GMS). J Affect Disord. 2006;91:171–180.

	29.	 Spindler H, Denollet J, Kruse C, Pedersen SS. Positive affect and negative 
affect correlate differently with distress and health-related quality of life 
in patients with cardiac conditions: validation of the Danish Global Mood 
Scale. J Psychosom Res. 2009;67:57–65.

	30.	 Hevey D, McGee HM, Horgan J. Responsiveness of health-related quality  
of life outcome measures in cardiac rehabilitation: comparison of car-
diac rehabilitation outcome measures. J Consult Clin Psychol. 2004;72: 
1175–1180.

	31.	 Denollet J, Brutsaert DL. Enhancing emotional well-being by comprehen-
sive rehabilitation in patients with coronary heart disease. Eur Heart J. 
1995;16:1070–1078.

	32.	 Versteeg H, Pedersen SS, Erdman RA, van Nierop JW, de Jaegere P, van 
Domburg RT. Negative and positive affect are independently associated 
with patient-reported health status following percutaneous coronary inter-
vention. Qual Life Res. 2009;18:953–960.

	33.	 Baron RM, Kenny DA. The moderator-mediator variable distinction in 
social psychological research: conceptual, strategic, and statistical consid-
erations. J Pers Soc Psychol. 1986;51:1173–1182.

	34.	 Tu JV, Austin PC, Walld R, Roos L, Agras J, McDonald KM. Development 
and validation of the Ontario acute myocardial infarction mortality predic-
tion rules. J Am Coll Cardiol. 2001;37:992–997.



566    Circ Cardiovasc Qual Outcomes    September 2013

	35.	 Krijthe BP, Walter S, Newson RS, Hofman A, Hunink MG, Tiemeier H. 
Is positive affect associated with survival? A population-based study of 
elderly persons. Am J Epidemiol. 2011;173:1298–1307.

	36.	 Steptoe A, Wardle J. Positive affect measured using ecological momentary 
assessment and survival in older men and women. Proc Natl Acad Sci 
USA. 2011;108:18244–18248.

	37.	 Scherer M, Herrmann-Lingen C. Single item on positive affect is asso-
ciated with 1-year survival in consecutive medical inpatients. Gen Hosp 
Psychiatry. 2009;31:8–13.

	38.	 Grant N, Wardle J, Steptoe A. The relationship between life satisfaction 
and health behavior: a cross-cultural analysis of young adults. Int J Behav 
Med. 2009;16:259–268.

	39.	 Strine TW, Chapman DP, Balluz LS, Moriarty DG, Mokdad AH. The asso-
ciations between life satisfaction and health-related quality of life, chronic 
illness, and health behaviors among U.S. community-dwelling adults. J 
Community Health. 2008;33:40–50.

	40.	 Hoen PW, Denollet J, De Jonge P, Whooley MA. Positive affect and sur-
vival in patients with stable coronary heart disease: findings from the Heart 
and Soul study. J Clin Psychiatry. 2013; doi:10.4088/JCP.12m08022.

	41.	 Netz Y, Wu MJ, Becker BJ, Tenenbaum G. Physical activity and psycho-
logical well-being in advanced age: a meta-analysis of intervention stud-
ies. Psychol Aging. 2005;20:272–284.

	42.	 Elavsky S, McAuley E. Physical activity and mental health outcomes 
during menopause: a randomized controlled trial. Ann Behav Med. 
2007;33:132–142.

	43.	 Balady GJ, Williams MA, Ades PA, Bittner V, Comoss P, Foody JM, 
Franklin B, Sanderson B, Southard D. Core components of cardiac re-
habilitation/secondary prevention programs: 2007 update. Circulation. 
2007;115:2675–2682.

	44.	 Wood DA. Clinical reality of coronary prevention guidelines: a comparison 
of EUROASPIRE I and II in nine countries. Lancet. 2001;357:995–1001.

	45.	 Kotseva K, Wood DA, De Bacquer D, Heidrich J, De Backer G. Cardiac 
rehabilitation for coronary patients: lifestyle, risk factor and therapeutic 
management: results from the EUROASPIRE II survey. Eur Heart J Suppl. 
2004;6:J17–J26.

	46.	 Reid RD, Morrin LI, Pipe AL, Dafoe WA, Higginson LA, Wielgosz AT, 
LeHaye SA, McDonald PW, Plotnikoff RC, Courneya KS, Oldridge NB, 
Beaton LJ, Papadakis S, Slovinec D’Angelo ME, Tulloch HE, Blanchard 
CM. Determinants of physical activity after hospitalization for coro-
nary artery disease: the Tracking Exercise After Cardiac Hospitalization 
(TEACH) Study. Eur J Cardiovasc Prev Rehabil. 2006;13:529–537.

	47.	 Fernandez RS, Griffiths R, Juergens C, Davidson P, Salamonson Y. 
Persistence of coronary risk factor status in participants 12 to 18 months after 
percutaneous coronary intervention. J Cardiovasc Nurs. 2006;21:379–387.

	48.	 Kubzansky LD, Cole SR, Kawachi I, Vokonas P, Sparrow D. Shared and 
unique contributions of anger, anxiety, and depression to coronary heart 
disease: a prospective study in the normative aging study. Ann Behav Med. 
2006;31:21–29.

	49.	 Cohen S, Doyle WJ, Turner RB, Alper CM, Skoner DP. Emotional style 
and susceptibility to the common cold. Psychosom Med. 2003;65:652–657.


