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Abstract

Purpose—The mechanisms by which depressive symptoms negatively impacts clinical outcomes
in patients with CAD remains poorly understood. Previous interventions that have attempted to
treat depressive symptoms in CAD patients in order to improve clinical outcomes have been
disappointing. Our objectives were to evaluate the impact of depressive symptoms over time,
controlling for comorbidity, in determining both successful long-term lifestyle change (i.e.,
increased physical activity), and cardiovascular morbidity and mortality outcomes. In addition, we
examined the impact of physical activity changes over time on two known mediators of
cardiovascular morbidity: parasympathetic tone and inflammation.

Methods—Clinical data were previously collected (2004-2006) from 242 elective/urgent
coronary angioplasty patients who participated in a prospective randomized controlled trial
evaluating the efficacy of a behavioral intervention vs. an educational control to motivate physical
activity over 12 months. Exclusion criteria included: 1) inability to walk; 2) enrollment in other
risk-reduction trials; 3) non-English speaking; and 4) lack of cardiologist's permission to increase
physical activity. Participants were assessed every 2 months for interval clinical events and
physical activity. In addition, biomarkers were collected at baseline and 12 months in a subset of
54 participants, including low and high frequency heart rate variability (IfHRV and hfHRV),
serum C-reactive protein (CRP) and interleukin-6 (IL-6), and salivary cortisol.

Findings—The mean age of participants was 63 years and 30% were female. Overall, 37% had
high depressive symptoms at baseline. Patients with high depressive symptoms who achieved an
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increase in physical activity of =336 kilocalories(kcal)/week by 12 months had significantly lower
rates of cardiovascular morbidity/mortality (5.1% vs. 21.3%; odds ratio [OR], 0.20, [95% CI,
0.04-0.98]; P = 0.03). In a multivariate model examining cardiovascular morbidity/mortality in
patients with high depressive symptoms, an increase in physical activity of 2336 kcal/week
reduced the risk of new cardiovascular morbidity/mortality (OR, 0.11 [95% ClI, 0.02-0.81]; P <
0.03), and comorbidity increased the risk (OR, 1.58 [95% ClI, 1.18-2.13]; P = 0.002).

Implications—This study demonstrates a threshold in physical activity in depressed CAD
patients that is associated with a decrease in cardiovascular morbidity and mortality. Exercise
maintenance at this level may improve clinical outcomes via enhanced parasympathetic tone and
decreased inflammation.
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INTRODUCTION

Depression is common among patients with coronary artery disease (CAD), including both
major depressive disorder and depressive symptoms.1-3 CAD patients who have major
depression or high levels of depressive symptoms are at increased risk for morbidity and
mortality.23 In older adults, it is well established that patients with depressive symptoms
frequently present with increased medical comorbidity.# Evidence also suggests that,
particularly in older individuals, depression may have an underlying vascular etiology.*°
Given that depression, depressive symptoms, and medical comorbidity® are all important
predictors of subsequent adverse outcomes, including increased morbidity and mortality,
decreased functional status and greater resource utilization, the potential for confounding is
considerable.*

The mechanisms by which depressive symptoms negatively impact clinical outcomes (e.g.
cardiovascular morbidity and mortality) in people with CAD remains poorly understood. In
a five-year longitudinal study of more than 1,000 participants with CAD, the association
between depressive symptoms and adverse cardiovascular events was largely explained by
physical inactivity, which was associated with a 44% higher rate of cardiovascular events.’
CAD patients who increase physical activity experience significant reductions in morbidity
and mortality.82 However, randomized trial data are sparse. Unfortunately, and for many
psychosocial, medical and motivational reasons, only a small percentage of people with
CAD are successful at maintaining long-term lifestyle changes such as increased physical
activity.10

Physical activity may play a particularly important role in reducing the risk of
cardiovascular events among CAD patients with depressive symptoms. Of note, increased
physical activity may ameliorate depressive symptoms; by itself, an intensive 16-week
aerobic exercise regimen has been shown to be equally effective to pharmacologic therapy
in treating older adults for major depressive disorder.11
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However, CAD patients with depressive symptoms are less successful in increasing physical
activity over 12 months when compared to those without depressive symptoms.12

Physical activity may also reduce the risk of cardiovascular events by suppressing
inflammation. Inflammation is known to be an important pathophysiologic factor in
cardiovascular disease progression,3:14 and a large body of work has shown that depressive
symptoms are associated with increased inflammation.15:16 Exercise interventions have been
shown to reduce inflammation in people with CAD.1” Moreover, low parasympathetic tone
has been linked to poor prognosis, more severe symptoms and mortality from cardiovascular
disease.1819 Physical activity can increase parasympathetic tone29:21 which is low in
patients with major depression,22 and functions to both increase emotional regulation?3 and
suppress inflammation.24:25

Our objectives were to evaluate the impact of depressive symptoms over time, controlling
for comorbidity, in determining: 1) successful long-term lifestyle change (i.e., increased
physical activity); and 2) cardiovascular morbidity and mortality outcomes. In addition, we
examined the impact of physical activity changes over time on two known mediators of
cardiovascular morbidity: parasympathetic tone and inflammation.

PATIENTS AND METHODS
Study Design

Participants

Follow-up

Data were collected between October 2004 and October 2006 at a tertiary academic medical
center in New York City. Participants were enrolled in an NHLBI-funded prospective
randomized, controlled trial (NCT 00248846) evaluating the efficacy of a behavioral
medicine intervention vs. an educational control to motivate physical activity over 12
months. The methods have been previously described.28 A subgroup of patients were
recruited from the randomized trial for a biological substudy. The randomized trial and
biological measures substudy were both approved by the Weill Medical College Institutional
Review Board and participants gave written informed consent for both studies.

In brief, 242 eligible participants were identified following elective or urgent percutaneous
coronary intervention during hospitalization following the index procedure. Exclusion
criteria included: 1) inability to walk; 2) enrollment in other risk-reduction trials; 3) non-
English speaking; and 4) lack of cardiologist’ permission to increase physical activity. At
baseline, all participants received an educational workbook.2” The Consort diagram of the
participants has been previously reported.28 Fifty-four participants agreed to enroll in the
biological measures substudy which had no additional exclusion criteria.

At two weeks following discharge, participants selected a physical activity goal, and agreed
to a behavioral contract.28 Participants were then contacted by telephone at 2, 4, 6, 8, 10 and
12 months, and a standardized follow-up was conducted that included surveillance for new
clinical events and physical activity level and also reinforced the workbook content.
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Participants in the positive affect/self-affirmation intervention group received bimonthly
induction of positive affect/self-affirmation at the end of each follow-up call, and also
received small unexpected gifts in the mail several weeks prior to each follow-up. The
positive affect/self-affirmation intervention has been previously described.26:29

Primary Outcome

Physical activity was evaluated at baseline and every 2 months thereafter with the
Paffenbarger Exercise and Activity Index.30 The main trial outcome was a within-patient
increase in expenditure of = 336 kilocalories (kcal)/week at 12 months, assessed by the
Paffenbarger. The Paffenbarger is a widely used valid and reliable3! self-report physical
activity measure.

Demographic and Psychosocial Measures

We documented demographic and clinical characteristics at enrollment, including age, sex,
race/ethnicity, marital status, body mass index, the Charlson Comorbidity Index,® and the
Seattle Angina Questionnaire.32 We administered the Short Form Center for Epidemiologic
Studies Depression Scale (CES-D 10)33:34 at baseline and 12 months, and considered a score
>10 as indicative of a high level of depressive symptoms.

Biological Measures

Biological measures were collected one month following the coronary angioplasty/stent
procedure and again one year later.

* Inflammation—At both assessments, patients had blood drawn for measurement of
Interleukin-6 (IL-6) and C-reactive protein (CRP) (Human IL-6 HS and CRP Quantikine
ELISA, R & D Systems, Minneapolis, MN). IL-6 is a pro-inflammatory cytokine produced
by macrophages and adipocytes in response to a wide range of inflammatory conditions
including infections, autoimmune disease, and tissue injury. CRP is a protein synthesized by
the liver which activates the complement system and is released in response to IL-6 and
other inflammatory mediators.3® While 11-6 has direct effects on cardiovascular disease,36
CRP is likely to be a biomarker of inflammation in cardiovascular disease patients rather
than a direct contributor to heart disease.3”

» Parasympathetic Activity—~Patients also had ambulatory heart monitoring (Lifeshirt,
Vivometrics Corp, Ventura, CA) while awake for a minimum of 4 hours at baseline and one
year later. High frequency heart rate variability (hfHRV) and low frequency variability
(IfFHRV) were calculated using Cardio Batch software (Mind Body Institute, University of
Illinois, Chicago).38 hfHRYV is determined primarily by parasympathetic cardiac afferent
input from the vagus nerve.39 IfHRV reflects contributions of both parasympathetic and
sympathetic activity.3% Heart rate recordings were edited to remove movement artifacts,
ectopy, and paced beats using Cardio Edit software (Mind Body Institute, University of
Illinois, Chicago). Next, using Cardio Batch software, the heart period time series were
resampled at successive 500-ms intervals, smoothed using a 21-point moving cubic
polynomial filter, subtracted from the original series to produce a residual time series, and
then processed by a digital bandpass filter with 25 coefficients to extract the variance in the
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frequency band of 0.12— 0.40 Hz (the frequency of spontaneous breathing for adults) for
hfHRV and 0.06-0.10 Hz for IfHRV. Both hfHRV and IfHRV were log transformed for
quantification.

» Hypothalamic-pituitary adrenal (HPA) axis—Salivary cortisol was used to measure
HPA axis activity because it can be collected outside the hospital setting, and can reflect
circadian rhythm as well as relative hyper- or hypocortisolism. Participants collected saliva
samples for 3 days on awakening, 45 minutes later, and at 5PM and at 11PM using cotton
swabs (Salivette, Sarstedt Corp). Saliva samples were frozen —80°C then assayed using a
commercial ELISA kit developed specifically for saliva (Cortisol Salivary Immunoassy,
Salimetrics, State College, PA). Three cortisol measures were derived: mean cortisol over
the 3 days, morning rise and circadian amplitude. Morning rise in cortisol was calculated by
subtracting wake up cortisol from wake up +45 minutes value of each of the three collection
days and averaged across the three days. Circadian amplitude was calculated by subtracting
the 11PM value from the peak morning value on each of the three collection days and
averaged across the three days.

Clinical Outcomes

Clinical outcomes were ascertained every 2 months with standardized follow-up calls. These
included surveillance for cardiovascular and non-cardiovascular events that would impede
the participant's ability to engage in physical activity (i.e., myocardial infarction, congestive
heart failure, percutaneous coronary intervention, cardiac surgical procedures, ischemic
colitis, stroke, and other major medical complications including shock and metastatic
disease). All information was corroborated by treating physicians and clinical records
whenever possible. Two blinded clinicians reviewed all clinical events (JCP and MEC).

Statistical Analyses

We calculated means and standard deviations for continuous variables, and counts and
percentages were determined for categorical variables. For the comparison between the low
vs. high depressive symptom groups, and within-patient changes in biomarkers over time,
we employed x? tests to investigate the categorical data and conducted t-tests for continuous
variables (SAS version 9.3 and Stata version 13.1). The multivariate model for cardiac
complications in patients with high depressive symptoms was performed using logistic
regression. In the analysis of the biological data that examined predictors of change in IL-6
and change in CRP as dependent variables, we employed a multivariate regression modeling
with robust standard errors, 0 clustered by comorbidity score, to correct the variance
estimates due to the presence of conditional dependence of comorbidity status. The path
model (Figure 3) that summarizes the overall clinical and biological findings uses
generalized structural equation modeling with a logit link for the binary cardiac
complications outcome and identity links for the normal distributed change in IL-6 and
hfHRV outcomes. Separate models were constructed using IL-6 and CRP as markers of
inflammation. The modest number of cases in the biological database meant that the number
of predictor variables that we were able to simultaneously consider in the path model was
limited. For this reason, cortisol measures, which have relatively little evidence supporting a
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pathophysiological role in cardiovascular complications and IfHRV, which is a less specific
reflection of autonomic influences, were excluded from the model.

RESULTS

Overall, 2,605 CAD patients were screened between October 2004 and October 2006.26 Of
these, 242 patients were randomized and enrolled in the study. Attrition was 4.5% and 2.1%
of the participants patients died.

Baseline characteristics

With a mean age of 63 years, the participants were predominantly male, Caucasian, married,
and college graduates (Table 1). Overall, 37% of participants had high depressive
symptoms. Those with high depressive symptoms were significantly more likely to be Black
or multiracial (p<.02) and have lower education (p<.05) (Table 1). Participants with high
depressive symptoms were also more likely to have concomitant pulmonary disease
(p=0.03) and peripheral vascular disease (p=.001). As shown in Table 1 and Figure 1,
participants with high depressive symptoms reported significantly worse scores on the
Seattle angina questionnaire32 for physical limitation (p<.0001), angina stability (p<.003),
angina frequency (p<.0001) and disease perception (p<.0001) compared to those with low
depressive symptoms.

Physical activity expenditure

At baseline, participants with high depressive symptoms reported significantly lower energy
expenditure (log(kcal/week), (p=0.043). The mean within-patient change in kcal/week at 12
months was not different for patients with high vs. low depressive symptoms. We examined
trends in physical activity according to whether depressive symptoms got worse, stayed the
same, or improved, and found no differences between the groups (Figure 2). However, when
we compared kcal/week expenditure among those whose depressive symptoms improved by
5 or more points on the CES-D vs. those whose depressive symptoms stayed the same/got
worse, we found that those who improved had a significant within-patient improvement in
expenditure between baseline and 8 months (798 vs. 233 kcal/week, p=0.01). Between 8 and
12 months, physical activity declined in all three groups, but the differences between the
groups were not significant.

Cardiovascular morbidity and mortality

Patients with high depressive symptoms who achieved the main trial outcome of increasing
physical activity by =336 kcal/week had a significantly lower rate of cardiovascular
morbidity and mortality at 12 months (all-cause mortality, repeat percutaneous coronary
intervention, coronary bypass surgery, congestive heart failure, new ischemia, or myocardial
infarction) (5.1% vs 21.3%; odds ratio [OR], 0.20 [95% ClI, 0.04-0.98]; P = 0.03). A
multivariate model evaluated predictors of 12-month morbidity and mortality among
patients with high depressive symptoms; these predictors included sex, education, and
randomization group. We found that an increase in physical activity (=336 kcal/week)
reduced the risk of new cardiovascular morbidity/mortality (OR, 0.11 [95% CI, 0.02-0.81];
P < 0.03), and comorbidity increased the risk (OR, 1.58 [95% Cl, 1.18-2.13]; P = 0.002).
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Biological results

Fifty-four patients enrolled in the biological sub-study. Baseline and within-patient change
(baseline - 12 months) results for the biological variables are presented in Table 2. Mean
daily cortisol level significantly increased at 12 months (t=2.1, p<0.05), but there was no
change in the magnitude of the AM rise in cortisol or the circadian cortisol amplitude over
the course of the study. There was also no consistent change in CRP and IL-6 levels over the
course of the study. There was a significant reduction in IfHRV (t= -2.9, p< 0.01) over the
year, but no change in hfHRV. There were no differences in the baseline scores or the
within-patient change scores (baseline - 12 months) in patients with high depressive
symptoms (N=40) vs. low depressive symptoms (N=14), (data not displayed).

In a regression model with change in IL-6 as the dependent variable (incorporating age,
baseline depressive symptoms, and change from baseline to 12 months in: physical activity,
hfHRV, ITHRV, mean cortisol level, morning increase in cortisol, and circadian amplitude of
cortisol) (Table 3), we found that a decrease in IL-6 over 12 months was significantly
predicted by low depressive symptoms at baseline (t= 4.43, p=0.004), increase in mean
cortisol over 12 months (t= —2.56, p= 0.043), increase in the awakening cortisol rise (t=
-2.96, p=0.025), and an increase in hfHRV (t= -2.72, p= 0.035). In addition, older patients
were less likely to have a decrease in IL-6 over 12 months (t= 2.67, p=0.037).

Generalized structural equation model combining the clinical and biological data

We constructed a generalized structural equation model (Figure 3) that combines both the
clinical and biological data. As displayed in the model, an increase in energy expenditure of
>336 kcal/week at 12 months was associated with a significant reduction in cardiovascular
morbidity and mortality (Coeff =-1.13, P = 0.006), and greater medical comorbidity
significantly increased the risk of complications (Coeff = 0.16, P = 0.02). In addition,
increased physical activity (Coeff = 0.67, P = 0.006), but not medical comorbidity (Coeff =
0.09, P = 0.09), predicted an increase in hfHRV, which, in turn, predicted a reduction in IL-6
(b =-2.08, P = 0.001). CRP behaved similarly to IL-6 in a separate path model (data not
shown).

DISCUSSION

To our knowledge, this is the first report of a threshold in physical activity in CAD patients
with depressive symptoms that is associated with a reduction in cardiovascular morbidity
and mortality. The notion that exercise augmentation at this level may improve clinical
outcomes via enhanced parasympathetic tone and decreased inflammation is supported by
our data. In this secondary data analysis of a randomized controlled trial that focused on
patients with high depressive symptoms, we found that an increase in energy expenditure of
>336 kcal/week at 12 months was associated with a significant reduction in cardiovascular
morbidity and mortality (OR, 0.11 [95%CI, 0.02- 0.81]; P < 0.03). We also found that
greater medical comorbidity significantly increased the risk of complications (OR, 1.58
[95% CI, 1.18-2.13]; P = 0.002).
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Patients with depressive symptoms have more difficulty initiating and sustaining increased
physical activity.#1:42 In older adults in particular, depressive symptoms can be
accompanied by executive dysfunction, functional disability, psychomotor retardation and
apathy.*3 These impairments, in turn, may lead to a further increase in depressive
symptoms, and additional decreases in physical activity. We found that CAD patients with
high vs. low depressive symptoms had significantly worse scores on the Seattle angina
questionnaire,32 indicating greater CAD-related physical limitation (p<.0001), greater
angina instability (p<.003), more frequent symptoms (p<.0001) and greater perceived
burden of disease (p<.0001) (Figure 1). Those patients with high depressive symptoms were
also significantly more likely to have pulmonary disease (p<0.03) and peripheral vascular
disease (p<0.001) (Table 1). Given these physical limitations, it is perhaps not surprising
that patients with high vs. low depressive symptoms are not able to increase their exercise.

It is well recognized that cardiac rehabilitation that results in even minor improvements in
fitness can reduce depressive symptoms in older adults with cardiovascular disease and also
decreases morbidity and mortality, yet remains widely underutilized (see Lavie4-46 for
further perspective on benefits of cardiac rehabilitation and activity expenditure thresholds
in CAD); however, more recent work has shown a possibly toxic effect of very high levels
of activity in CAD patients, which is associated with increased morbidity and mortality.4’
Contextually, these potentially toxic levels of activity are at least 10-fold higher than the
threshold of 336 kcal/week suggested in the current study, which is the equivalent of
walking approximately 4.2 miles/week).

Accumulating evidence indicates that CAD patients with depressive symptoms would
benefit from physical activity, cardiac rehabilitation, and other behavioral activity
interventions that provide structured support for physical activity. If CAD patients with high
depressive symptoms can be motivated to increase their physical activity, they may not only
improve cardiovascular fitness, but exercise may relieve their depressive symptoms. For
example, in the UPBEAT trial, participants with CAD and major depressive disorder or
subclinical depressive symptoms who engaged in aerobic exercise three times/week
achieved a reduction in depressive symptoms that was comparable to that observed in
participants randomized to antidepressant therapy.*8 However, this study followed
participants for only 16 weeks and did not report cardiovascular endpoints. We found those
participants with the greatest improvement in depressive symptoms over 12 months
expended the most kcal/week at every follow-up (Figure 2). Also, compared to participants
whose depressive symptoms stayed the same/got worse, those whose depressive symptoms
improved at 12 months had significant within-patient improvements in energy expenditure
detected at 8 months (798 vs. 233 kcal/week, p=0.01), (Figure 2). Energy expenditure
declined in all three groups between eight and 12 months, indicating difficulty sustaining the
increased physical activity.

Many CAD patients have progressive disease, leading to worsening function and adverse
events. Within one year of coronary angioplasty, 20% of patients experience major
morbidity or mortality4®-51 and by two years, over 30% have complications.1%:52 Our results
are consistent with multiple studies demonstrating an association between inflammation and
progression of CAD. In the laboratory, coronary angioplasty patients have significantly
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elevated levels of C-reactive protein in response to mental challenges, indicating an
exaggerated inflammatory response.>3 Coronary angioplasty patients with elevated C-
reactive protein levels have significantly increased rates of adverse cardiovascular events
over 12 months (p< 0.001).* Among patients with unstable angina, an elevated I1-6 level
conferred nearly a 3.5-fold increased risk of death over a year.%® In healthy men, those with
elevated 1L-6 levels had a 2.3-fold increased risk of myocardial infarction over 6 years.13

Our longitudinal study of cortisol, autonomic function, and inflammation demonstrated an
inverse relationship between changes in hfHRV and IL-6, a marker of inflammation,
supporting multiple cross-sectional and preclinical studies.242° Longitudinal studies such as
this one strengthen the evidence for a functional relationship between hfHRV and
inflammation in patients with CAD by better controlling for confounding variables. We also
found that changes in mean cortisol and the morning rise in cortisol had an inverse
relationship with inflammation in the same regression model (Table 3), consistent with
evidence that inflammation is exacerbated by hypocortisolism.%8 Of note, baseline
hypocortisolism has been associated with low activity and chronic illness®®:57 and blunting
of the AM rise in cortisol has been associated with chronic illness,>” fatigue,8 and pain,>°
all of which are common in patients with progressive CAD. The increase in cortisol on
awakening has also been shown to reflect the reactive capacity of the HPA axis required to
respond adequately to acute and chronic inflammatory challenges.59 Although increased
cortisol levels are usually interpreted as a sign of stress, depression, and increased allostatic
load, our findings suggest that increased cortisol levels within the physiological range may,
in fact, be beneficial in terms of reducing inflammation in this patient population.

We found in our generalized structural equation model that increased physical activity (=
336 kcal/week) was predictive of change in hfHRV (Figure 3). An increase in hfHRV in
response to increased activity is consistent with studies of exercise training in patients with
cardiovascular disease?! and in healthy subjects.20 The UPBEAT study enrolled 101 CAD
patients with major depression or depressive symptoms and randomized them to aerobic
exercise, antidepressant therapy or placebo, and found that participants randomized to
exercise or antidepressant therapy had improved heart rate variability compared to the
placebo group, and those randomized to exercise vs. antidepressant therapy had
improvements in 1L-6.48 Our results are similar and add to these findings.

Previous interventions that have attempted to treat depressive symptoms in order to improve
adverse clinical outcomes in CAD patients have been disappointing. For example, the
ENRICHD trial randomized over 2,400 patients with major or minor depression who had
sustained a myocardial infarction (MI) to cognitive behavioral therapy vs. an educational
control, along with pharmacologic treatment for depression as medically necessary.%1 After
an average of 29 months, depressive symptoms improved but there were no differences in
event-free survival between the randomization arms. A secondary analysis of the ENRICHD
trial showed that participants who exercised had significantly lower rates of non-fatal Ml
and mortality.52 Those who exercised had fewer depressive symptoms at baseline and a
greater reduction in depressive symptoms over six months; however, exercise and a decrease
in depressive symptoms were both independently related to mortality.52
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Study Limitations

The optimal dose of physical activity for CAD patients with high depressive symptoms
remains unknown. Our results suggest that an increase in physical activity of > 336 kcal/
week may be a clinically important threshold for this population in order to decrease
cardiovascular morbidity and mortality at one year.

Another limitation of this study is the small number of patients who had complete sets of
biological data and were able to be included in the regression analyses. Assessment of
anxiety symptoms may also have strengthened the analysis. Major depressive disorder and
comorbid anxiety are associated with greater reductions in heart rate variability than major
depressive disorder alone,3 and anxiety comorbid with major depressive disorder increases
the risk of cardiovascular disease two-to three-fold.54 Strengths of the biological marker
substudy were the longitudinal within-patient design, a patient sample with significant
cardiovascular disease, and simultaneous assessment of autonomic, hypothalamic-pituitary
adrenal axis and inflammatory measures.

In conclusion, our results reinforce the benefits of physical activity in high-risk CAD
patients with high depressive symptoms and extend the literature in several important ways.
First, we have documented a clinically important improvement in kcal/week (i.e., = 336
kcal/week) that is associated with a significant decrease in cardiovascular morbidity and
mortality in CAD patients with high depressive symptoms. Second, we have the benefit of
12 months of follow-up, which underscores the challenges of physical activity maintenance;
patients with high depressive symptoms would benefit from customized interventions that
focus on maintaining long-term physical activity beyond 8 months. Finally, we have
reported biological data that helps to inform the biological mechanisms by which physical
activity may improve clinical outcomes in CAD patients.
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Figure 1.

Baseline Seattle Angina Scores32 according to baseline low vs. high depressive symptoms.
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Figure 3.
Generalized structural equation model integrating physical activity, comorbidity, and

biological findings. *New cardiovascular events include all-cause mortality, percutaneous
coronary intervention, coronary bypass surgery, congestive heart failure, new ischemia, and
myocardial infarction. TP < 0.01, P < 0.10, 8P < 0.05. An increase in energy expenditure of
> 336 kcal/week at 12 months was associated with a significant reduction in new
cardiovascular events (Coeff = 1.13, P = 0.006), and greater medical comorbidity
significantly increased the risk of cardiovascular events (Coeff = 0.16, P = 0.02). In
addition, both increased physical activity (Coeff = 0.67, P = 0.006), but not comorbidity
(Coeff = 0.09, P = 0.09), significantly predicted an increase in high-frequency heart rate
variability (HRV), which, in turn predicted a reduction in interleukin-6 (IL-6) (b = - 2.08, P
= 0.001). C-reactive protein behaved similarly to IL-6 in a separate path model (data not
shown).
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