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Abstract

Extremes in sleep duration are associated with higher cardiovascular risk in the general

population, but their impact in patients with documented coronary artery disease (CAD) remains
unknown and potentially of clinical significance. We hypothesized that both short and long sleep
duration are associated with higher mortality in CAD. We inquired about sleep durations in 2,846
patients enrolled in the Emory Cardiovascular Biobank (mean age 64 years, 38% female, 23%
Black, and 82% with obstructive CAD, defined by positive coronary angiography), who were then
followed for all-cause and cardiovascular mortality. Multivariate Cox proportional hazard models
were calculated to examine the association of sleep duration and mortality. Sleep durations of <6.5
hours (short), 6.5 to <7.5 hours (normal), and = 7.5 hours (long), were reported by 39%, 26% and
35% of the cohort, respectively. On follow-up (median 2.8 years), mortality rates were 15%, 11%,
and 17%, respectively. After adjusting for demographics and risk factors, both short and long sleep
duration were associated with higher all-cause mortality (HR 1.44, 95% CI [1.10-1.89] and 1.41
[1.08-1.85], respectively). A similar pattern was demonstrated for cardiovascular mortality only
for short (HR 1.48 [1.05-2.09]), but not long sleep duration. In conclusion, in patients with frank
CAD, both short and long sleep duration were independently associated with higher all-cause
mortality, and short sleep was independently associated with higher cardiovascular mortality. In
conclusion, our study is the first to extend the observations of sleep duration and mortality from
population-based studies to patients with documented cardiac disease.
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INTRODUCTION

Many population-based epidemiologic studies have shown that both short and long reported
sleep durations are associated with cardiovascular mortality and morbidity,1-2 but whether
the length of sleep that a patient reports has implications in a clinical setting is far from
certain. Self-reports about sleep are subject to many sources of error, including but not
limited to: inherent lack of correlation with objective markers,3 imprecision based on poor
recall or inadequate reporting,* or psychiatric disorder.® In the context of a patient in a lab
immediately prior to cardiac catheterization, one could envision additional stressors that
would further erode the value of this estimate. In this study, we report on our experience of
routinely inquiring about sleep duration in a cardiac population in a catheterization
laboratory. Specifically, we examined prospectively cardiac events and morbidities
subsequent to this procedure.

METHODS

A total of 2,846 patients with completed sleep questionnaires were recruited between 2004
and 2016 as part of the Emory Cardiovascular Biobank,® a prospective registry of
consecutive patients undergoing cardiac catheterization for suspected or known CAD across
Emory Healthcare sites. Patients with congenital heart disease, severe valvular heart disease,
severe anemia, recent blood transfusion, myocarditis, active inflammatory diseases, cancer
and cardiac transplant were excluded. Recruited patients were interviewed at the time of
enrollment to collect demographic characteristics and medical history. Risk factors were
determined by physician diagnoses or self-reported treatment for conditions such as
hypertension, hyperlipidemia, diabetes mellitus, history of smoking, and history of previous
MI. Hours of daily sleep were reported as part of a self-administered enroliment
questionnaire. Coronary angiograms from the index cardiac catheterization at the time of
enrollment were available in 89% of participants and reviewed to calculate Gensini score,” a
quantitative scoring system of coronary luminal narrowing. The presence of obstructive
CAD, defined as =50% luminal narrowing in a major epicardial vessel, was also assessed in
89% of the patients. Presentation with acute Ml at enrollment and coronary revascularization
as a result of the index cardiac catheterization were determined. The study was approved by
the Institutional Review Board of Emory University and all patients provided written
informed consent.

Subjects were asked to provide a free-text response to the question: “How many hours of
sleep do you usually get each night (or when you usually sleep)?” While the majority of the
subjects reported in whole numbers of hours, 9 subjects reported to the first decimal place,
e.g. 8.5 hours. The reported sleep duration was categorized into short (< 6.5 hours per day),
normal (= 6.5 to < 7.5 hours per day), or long (= 7.5 hours per day) sleep duration, for the
data analysis. Because categories of normal, short and long sleep duration often vary across
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studies (see Discussion), we also analyzed our data using 1-hour interval bins to examine the
extent to which associations might occur in a more graded manner.

Follow-up was conducted by independent personnel blinded to the angiographic, sleep and
clinical data. All-cause and cardiovascular-specific mortality was determined through verbal
communications with family, Georgia vital records, and the Social Security Death Index.
Medical records and death certificates were obtained and reviewed by an adjudication
committee of three physicians also blinded to the data. Cardiovascular death was defined as
death attributable to an ischemic cardiovascular cause (fatal MlI, ischemic stroke, peripheral
arterial disease), vascular cause, or sudden death attributable to an unknown but presumed
cardiovascular cause in high-risk patients.

Continuous variables were presented as means (standard deviation) or as median
(interquartile range) and categorical variables were reported as frequency counts and
proportions (%). Chi-square test was used to compare proportions, while one-way analysis
of variance with Tukey post-hoc analysis was conducted to determine whether differences in
continuous variables existed between groups stratified by sleep duration. Multivariable
analysis to identify variables independently associated with sleep duration was performed
using multinomial logistic regression. The covariates included age, sex, race (black vs. non-
black), body mass index (BMI), hypertension, diabetes, hyperlipidemia, smoking history,
prior MI, heart failure, acute myocardial infarction at enrollment (Y or N), revascularization
(Y or N) at enrollment, and obstructive CAD (Y or N; defined by the presence of =50%
obstructive lesion in any of the major epicardial vessels on coronary angiography at
enrollment).

Survival analysis comparing patients stratified according to sleep duration was performed
using Kaplan-Meier survival curves, log-rank tests as well as Cox proportional hazards
modeling with the aforementioned covariates for all-cause death and cardiovascular death.
Sensitivity analysis was performed to determine whether the association with outcomes
differed with respect to the presence of the individual covariates by including the interaction
term of sleep duration x the covariate of interest. Proportional hazards assumption was
examined by plotting Schoenfeld residuals for each covariate against time as well as
including an interaction term of each covariate by time in the Cox models, and no significant
violations were observed. Two-tailed P-values<0.05 were considered statistically significant,
and all analyses were performed with SPSS 24 (IBM, Armonk, NY).

RESULTS

Overall, the cohort comprised of 2,846 subjects with a mean age of 64 years, 38% women
and 23% Black (Table 1). The mean duration of daily sleep was 6.8 £ 1.5 hours. Overall,
39% of subjects reported short (< 6.5 hours per day), 35% reported long (= 7.5 hours per
day) and 26% reported normal duration of sleep (= 6.5 to < 7.5 hours per day; Table 1).

Subjects reporting short duration of sleep were likely to be younger, female and Black with
higher BMI, diabetes, and heart failure than those with normal sleep duration on univariate
analysis (Table 1). Patients with long duration of sleep were older and more likely to have a
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history of hyperlipidemia, smoking, and prior Ml than those with normal sleep duration
(Table 1). In multinomial logistic regression analyses, independent predictors of short sleep
duration were female sex, Black race, and higher BMI, whereas older age and history of
smoking were independently associated with long sleep duration (Table 2). There was no
significant difference in the prevalence of obstructive CAD at enrollment among the 3
groups of sleep duration while there was statistically insignificant increase in Gensini score
among those with long sleep compared to those with short sleep duration (P=0.06; Table 1).
However, neither obstructive CAD nor Gensini score was predictive of either short or long
sleep duration (Table 2).

During a median 2.8 year follow-up period, there were 412 (15%) all-cause deaths, and
251(9%) cardiovascular deaths (Table 1). Kaplan-Meier survival analysis revealed that all-
cause mortality was significantly different among the groups reporting short (15%), normal
(11%) and long (17%) sleep duration (Log-rank P=0.003, Figure 1A). Unadjusted Cox
proportional hazard model showed that compared to normal sleep duration, both short and
long sleep duration were associated with higher all-cause mortality rate (Table 3, Model 1),
which remained significant after adjusting for age, sex, race, BMI, hypertension, diabetes,
hyperlipidemia, history of smoking, history of prior Ml, and heart failure (HR 1.44, 95% ClI
[1.10-1.89] and 1.41 [1.08-1.85], respectively; Table 3, Model 2) and after adjustment for
CAD severity (Table 3, Model 3). We also calculated the risk of all-cause mortality
sequentially with a 1-hour incremental change from the reference duration of sleep (= 6.5 to
< 7.5 hours per day) in the fully adjusted model (Model 3). The adjusted risk of all-cause
mortality increased with increasing and decreasing duration of sleep compared to those
reporting the reference duration of daily sleep. Specifically, those with extremely short sleep
duration (<4.5 hours per day) had an adjusted HR of 1.96 and those with extremely long
>8.5 hours of sleep per day had a HR 1.84 for all-cause mortality compared to those with a
normal sleep duration (Figure 2A).

Cardiovascular mortality rates were also significantly different among the 3 groups of short
(10%), normal (7%), and long (9%) sleep duration in the Kaplan-Meier survival analysis
(Log-rank P = 0.035, Figure 1B). Univariate Cox regression model demonstrated that
compared to normal sleep, short sleep duration was associated with higher risk of
cardiovascular mortality (Table 3, Model 1), which remained significant after multivariate
adjustment for the aforementioned covariates (HR 1.48 [1.05-2.09]; Table 3, Model 2) and
for CAD severity (Table 3, Model 3). We also calculated cardiovascular mortality rates
sequentially with a 1-hour incremental change from the reference (= 6.5 hours to < 7.5 hours
per day) in the fully adjusted model (Model 3). Cardiovascular mortality rates increased with
decreasing duration of sleep compared to those reporting the reference duration of sleep.
Specifically, those with extremely short sleep duration (<4.5 hours per day) had an adjusted
HR of 2.04, but there was no significant increase in risk with increasing sleep duration
(Figure 2B). Treating non-cardiovascular death as a competing risk did not affect the results
of cardiovascular mortality and sleep duration.

There was no significant difference in the incident Ml rates during follow-up (Table 1).
However, those with normal sleep duration had fewer number of total Mls (pre-enrollment,
at enrollment, and incident MIs combined) (26 %) than those with long sleep duration (30%)

Am J Cardiol. Author manuscript; available in PMC 2020 March 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 5

(P=0.035) while the difference with those with short sleep duration (28%) was statistically
insignificant (P=0.28). In addition, there were no significant differences in incident coronary
revascularization or stroke events among the 3 groups of sleep duration (Table 1).

In sensitivity analysis, the effect of long sleep duration for all-cause mortality differed
significantly by BMI (P-value for interaction = 0.02) and the presence of acute Ml at
enrollment (P-value for interaction = 0.03) with higher mortality only in those with BMI <
30kg/m? and without a history of MI (Figure 3; Table 1S). There were no significant
interactions with the other examined demographic or clinical variables for the association
between short sleep duration and all-cause mortality. Similarly, the association between long
sleep duration and cardiovascular mortality differed by BMI (P-value for interaction = 0.02)
where long duration of sleep was associated with higher cardiovascular mortality among
those with BMI < 30kg/m2, not in those with BMI > 30kg/m? (Figure 4; Table 2S).
Otherwise, there was no other significant interaction with the examined demographic or
clinical variables for the relationship between sleep duration and cardiovascular mortality.

Finally, although we were underpowered to examine associations between sleep durations
and all-cause and cardiovascular mortality in individuals without definitive evidence of
CAD, we also tested for interaction between individuals with a Gensini score > 0 when
compared to all other individuals and found no evidence of interaction (P-values for both
short versus normal and long versus normal, as well as for both all-cause and cardiovascular
mortality ranged from 0.29 to 0.67) (data not shown).

DISCUSSION

In a large population of patients with CAD, we observed that compared to those with normal
sleep duration (= 6.5 to < 7.5 hours), patients with either short or long sleep duration (< 6.5
and = 7.5 hours) had a higher all-cause mortality rate. Moreover, short sleep duration was
associated with a higher cardiovascular mortality rate. To our knowledge, this is the first
study to investigate the adverse impact of sleep duration in a population with CAD.

Women, Black race and higher BMI were independent predictors of short sleep duration.
Racial differences in sleep duration have been reported, & likely mediated by genetic and
socio-ecological influences.? While not all studies found that shorter sleep duration occurred
more commonly in in women, 1011 the association between higher BMI and shorter sleep
duration is well-established, probably due to associated changes in leptin and ghrelin.12 We
also found that older individuals and smokers had longer sleep duration. Shorter sleep
duration and decreased sleep quality/efficiency has been previously reported in older
individuals,3 suggesting that our findings reflect decreased sleep efficiency and longer time
in bed rather than longer sleep time per se. In keeping with previous reports, we also found
that smoking was associated with longer sleep duration.14.15

In comparison to normal sleep duration (= 6.5 to < 7.5 hours), both short (< 6.5 hours) and
long (= 7.5 hours) sleep duration were associated with a higher all-cause mortality by 56%
and 47%, respectively, even after adjustment for demographic and risk factor differences.
Our finding confirm previous studies that reported a U-shaped association between sleep
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duration and higher mortality in population-based, non-clinic cohorts with relatively low
prevalence of cardiac disease.16-19 Cardiovascular mortality was also 49% higher and
independently associated with short sleep duration. The 19% adjusted increase in
cardiovascular mortality rate in those with long sleep duration was not statistically
significant, findings similar to somel-2 but not other population-based studies.1? Potential
reasons for this discrepancy include statistical power, and probability that the higher
cardiovascular mortality with long sleep is mediated by cardiovascular risk factors and
demography that was not fully adjusted for in previous studies. As “normal” duration of
daily sleep has not been clearly defined in the literature, sleep duration ranging from 6 to 9
hours have been used as a reference range previously.2:18:19 To clarify this further, we also
examined mortality risk with 1-hour increments of sleep duration from the reference group
(=6.5 to 7.5 hours) and found a higher mortality rate in those with extremes of both
increasing and decreasing sleep duration, with 96% increase in those sleeping <4.5 hours
and 84% increase in those sleeping =8.5 hours.

The mechanisms underlying the association between sleep duration and mortality remain
unknown.29:21 Short sleep duration has been associated with cardiometabolic syndrome 22
and sub-clinical cardiovascular disease denoted by coronary calcification,23 carotid intimal
thickening,24 and endothelial dysfunction.2> Potential mechanisms for long sleep duration
include sleep fragmentation, fatigue, lack of physiological challenge, depression, low
socioeconomic status, obstructive sleep apnea, cancer, and respiratory disase.18:21.26.27
Finally, higher cardiovascular mortality with long sleep duration may be mediated through
other cardiovascular risk factors, as adjustment for these attenuated the association between
long sleep duration and cardiovascular mortality in our cohort.

The association between mortality and sleep duration were relatively similar across different
subgroups stratified by demographic and clinical characteristics. However, higher mortality
with longer sleep duration was found in non-obese subjects, but not in obese subjects. A
strong correlation has been reported between obesity, short sleep duration, and poor sleep
quality, while the evidence is not robust for long sleep duration.28 Thus, it is possible that
the report of long sleep duration from an obese person may be indicative of relatively better
sleep quality and structure, nullifying the true adverse impact of long sleep duration.
Secondly, higher risk of all-cause mortality with long sleep duration was only seen among
patients without acute M1 at enrollment, but not in those with acute Ml, a difference that is
most likely driven by the large number of subjects without acute MI (92%) in our cohort.

Several limitations of our analysis should be noted. Single center enroliment from patients
undergoing cardiac catheterization limits the generalizability. Second, as in previous
epidemiologic cohorts, sleep duration was self-reported. However, studies utilizing wrist
actigraphy have confirmed close correlation between self-reported and objective measures,
although there are also discrepancies in some sub-groups.2® Third, self-reported sleep
duration may represent a proxy for other aspects of sleep such as time in bed and sleep
quality, which could be vulnerable to biases of reporting individuals. Furthermore, sleep
duration was assessed once at the baseline, but there is evidence showing the change in sleep
duration having prognostic implications.3? Finally, we did not assess sleep-related breathing

Am J Cardiol. Author manuscript; available in PMC 2020 March 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 7

disorders, which may impact the duration of sleep reported by this otherwise infirm
population.

In conclusion, we demonstrated in a cohort of patients with CAD that both short (< 6.5
hours per day) and long (= 7.5 hour per day) sleep duration compared to normal sleep
duration (= 6.5 to < 7.5 hours) were independently associated with higher all-cause
mortality, and mortality from cardiovascular causes was higher in those with short sleep
duration. These results extend the findings from the population-based cohorts to those with
documented CAD.
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Kaplan-Meier curves for all-cause and cardiovascular death stratified by the duration of

daily sleep.
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Hazard Ratio (95% C.1.)

1.95 (1.25 — 3.05)
1.49 (0.99 - 2.23)
1.50 (1.07 - 2.09)
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1.35(0.99 - 1.84)

1.84 (1.25-2.72)
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1.08 (0.62 - 1.87)
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1.21(0.81 - 1.79)

1.13 (0.64 - 1.99)

Figure 2. Adjusted hazard ratio of all-cause (A) and cardiovascular (B) mortality stratified by

the hours of daily sleep duration.
The model is adjusted for age, sex, race, body mass index, hypertension, diabetes,

hyperlipidemia, smoking history, prior myocardial infarction, heart failure, acute myocardial
infarction at enrollment, revascularization at enrollment, and obstructive coronary artery
disease. N = number. C.I. = confidence interval.
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Figure 3. Sensitivity analysis of the association between all-cause mortality and daily sleep

duration.

All models are adjusted for age, sex, race, body mass index, hypertension, diabetes,
hyperlipidemia, smoking history, prior myocardial infarction, heart failure, acute myocardial
infarction at enrollment, revascularization at enrollment, and obstructive coronary artery
disease. BMI = body mass index. CAD = coronary artery disease. M|l = myocardial

infarction.
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Figure 4. Sensitivity analysis of the association between cardiovascular mortality and daily sleep

duration.

All models are adjusted for age, sex, race, body mass index, hypertension, diabetes,
hyperlipidemia, smoking history, prior myocardial infarction, heart failure, acute myocardial
infarction at enrollment, revascularization at enrollment, and obstructive coronary artery
disease. BMI = body mass index. CAD = coronary artery disease. M|l = myocardial

infarction.
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Table 1.

Baseline characteristics and incident clinical outcomes according to the duration of daily sleep™

Page 14

. Short (< Ng.grr;gléz Long (= P-value for pairwise comparison
Variable All (N=2846) 6;5 H) 7.5 H) 7.? H) Overall P-value
(N=1119) (N=741) (N=986) Normal vs short  Normal vs long  Short vs long
Age (years) 64 +13 62+12 64 £12 66 + 13 <0.001 0.006 <0.001 <0.001
Women 1071 (38%) 472 (42%) 254 (34%) 345 (35%) <0.001 0.001 0.76 0.001
Black 642 (23%) 372(33%) 124 (17%) 146 (15%) <0.001 <0.001 0.28 <0.001
Body mass index (kg/m?) 30+6 31+7 30+6 29+6 <0.001 <0.001 0.61 <0.001
Hypertension 2427 (85%) 968 (87%) 624 (84%) 836 (85%) 0.37 0.20 0.80 0.27
Diabetes mellitus 1064 (38%) 441 (40%) 258 (35%) 365 (37%) 0.13 0.05 0.34 0.27
Hyperlipidemiaf 2139 (75%) 838 (75%) 535 (72%) 766 (78%) 0.04 0.17 0.01 0.17
Smoker 2067 (73%) 800 (72%) 522 (70%) 745 (76%) 0.03 0.63 0.02 0.04
Prior M1 642 (23%) 241 (22%) 149(21%) 252 (26%) 0.02 0.46 0.01 0.04
Heart failure 987 (35%) 412 (37%) 230 (31%) 345 (35%) 0.04 0.01 0.09 0.38
Ejection fraction (%) 53+12 53+13 54+11 52+13 0.01 0.04 0.02 0.88
Gensini score, points 86 [2,240] 80[0,234] 85[2,244] 112 [4,256] 0.07 0.91 0.83 0.06
Obstructive C. AD’t 2082 (82%) 792 (81%) 542 (81%) 748 (84%) 0.20 0.68 0.24 0.08
Acute MI at enrollment 228 (8%) 90 (8%) 60 (8%) 78 (8%) 0.99 0.97 0.89 0.97
Revascularization at enrollment 941 (33%) 373 (33%) 253 (34%) 315 (32%) 0.61 0.72 0.34 0.50
All-cause death 412 (15%) 166 (15%) 81 (11%) 165 (17%) 0.003 0.02 0.001 0.05
Cardiovascular death 251 (9%) 111 (10%) 50 (7%) 90 (9%) 0.06 0.02 0.07 0.77
Myocardial infarction 107 (4%) 42 (4%) 22 (3%) 43 (4%) 0.32 0.36 0.13 0.99
Coronary revascularization 587 (21%) 236 (21%) 150 (20%) 201 (20%) 0.88 0.66 0.94 0.73
Stroke 68 (2%) 25 (2%) 18 (2%) 25 (3%) 0.90 0.78 0.89 0.65

*
Values are mean (SD), median [25th and 75th interquartile range], or n (%).

fDefined by physician diagnosis in medical charts

IObstructive coronary artery disease (CAD) is defined by the presence of 250% obstructive lesion in any of the major epicardial vessels on
coronary angiography at enrollment.

Abbreviations: MI = myocardial infraction; CAD = coronary artery disease
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Table 2.

Page 15

Multinomial logistic regression of daily sleep duration and baseline demographic and clinical characteristics

Variable

Short (< 6.5 H) vs. Normal (= 6.5to < 7.5 H)

Long (= 8.5 H) vs. Normal (= 6.5 to <7 .5 H)

OR, 95% C.I.

P-value

OR, 95% C.I.

P-value

Age, per increase of 10 years

Body mass index, per 5kg/m?

Women

Black
Hypertension
Diabetes mellitus
Hyperlipidemia
Smoker

Prior M1

Heart failure

Acute MI at enrollment
Revascularization at enrollment

Gensini score, per 10 points

Obstructive CAD ™

0.94 (0.85 — 1.03)
111 (1.01 - 1.21)
1.34 (1.07 - 1.68)
1.95 (1.49 - 2.57)
1.00 (0.73 - 1.38)
1.00 (0.80 — 1.27)
1.28 (0.99 - 1.66)
1.11 (0.88 - 1.40)
1.03 (0.79 - 1.35)
1.10 (0.87 - 1.39)
1.08 (0.72 - 1.62)
1.07 (0.84 — 1.36)
1.00 (1.00 — 1.01)
1.04 (0.79 - 1.38)

0.17
0.027
0.011

<0.001

0.99

0.98

0.06

0.40

0.83

0.42

0.71

0.57

0.58

0.77

1.13 (1.03 - 1.25)
0.99 (0.90 — 1.08)
1.01 (0.80 — 1.27)
0.82 (0.60 - 1.11)
0.88 (0.64 — 1.20)
1.08 (0.85 — 1.36)
1.27 (0.98 - 1.65)
1.36 (1.07 - 1.73)
1.26 (0.97 - 1.65)
1.12 (0.88 - 1.42)
1.03 (0.69 — 1.55)
0.85 (0.67 — 1.08)
1.00 (0.99 - 1.01)
0.98 (0.73 - 1.31)

0.014
0.75
0.96
0.20
0.88
0.54
0.07

0.013
0.09
0.35
0.88
0.19
0.99
0.88

*
Obstructive coronary artery disease (CAD) is defined by the presence of =50% obstructive lesion in any of the major epicardial vessels on
coronary angiography at enrollment.

Abbreviations: OR = odds ratio; C.I. = confidence interval; M1 = myocardial infraction; CAD = coronary artery disease
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Table 3.

Association between the duration of daily sleep and all-cause / cardiovascular mortality

Short vs normal Long vs normal
Outcome Model
HR, 95% C.I. P-value HR, 95% C.I. P-value
Model 1 (Unadjusted) 1.43 (1.09-1.86) 0.009 1.58 (1.21-2.06) 0.001
All death Model 2 (Mode| 1+ CV risk factors*) 1.44 (1.10—1.89) 0.009 141 (1.08—1.85) 0.013

Model 3 (Model 2 + CAD severity’) ~ 1.56 (116-2.10) 0003 147 (1.10-196) ~ 0.010

Model 1 (Unadjusted) 1.55(1.11-2.16)  0.011  1.40(0.99-1.98)  0.056
Cardiovascular death  Model 2 (Model 1 + CV risk factors’j 1.48 (1.05-2.09) 0.026 1.24 (0.87-1.77) 0.229

Model 3 (Model 2 + CAD severity) 149 (L03-2.15) 0035  119(0.82-173)  0.371

*
Includes age (continuous), sex (male vs female), race (Black vs non-Black), body mass index (continuous), hypertension (Y or N), diabetes
mellitus (Y or N), hyperlipidemia (Y or N), history of smoking (Y or N), prior MI (Y or N), and heart failure (Y or N)

flncludes acute myocardial infarction at enrollment (Y or N), revascularization (Y or N) at enrollment, and obstructive CAD (Y or N; defined by
the presence of =50% obstructive lesion in any of the major epicardial vessels on coronary angiography at enroliment).

Abbreviations: HR = hazard ratio; C.I. = confidence interval; CV=cardiovascular; CAD = coronary artery disease
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