Coronary Artery Disease/Living Alone and Mortality 523

Table 1
Baseline clinical characteristics according to living arrangements

Variable Living Not Living p
Alone Alone Value
(n =515) (n=35%)

Age (years) 68.5 £ 13.0 67.6 £ 12.1 0.11

Age >75 years* 196 (38%) 1097 (31%) 0.001
Men* 322 (63%) 2701 (75%) <0.001
Body mass index (kg/m?) <25.0¢ 390 (76%) 2586 (72%) 0.07
Hypertension* 407 (79%) 2826 (79%) 0.84
Diabetes mellitus 159 (31%) 1157 (32%) 0.55

On insulin therapy* 19 (3.7%) 160 (4.5%) 0.43
Current smoker” 206 (40%) 1430 (40%) 0.93
Heart failure* 188 (37%) 1093 (30%) 0.005
Multivessel coronary disease™ 243 (47%) 1884 (52%) 0.03
Mitral regurgitation grade 3/4* 13 (2.5%) 115 3.2%) 0.41
Prior myocardial infarction* 44 (8.5%) 307 (8.5%) 0.99
Prior percutaneous coronary 40 (7.8%) 316 (8.8%) 0.44

intervention®
Prior stroke (symptomatic)* 50 (9.7%) 331 (9.2%) 0.72
Peripheral vascular disease” 17 (3.3%) 119 (3.3%) 0.99
eGFR (ml/min/1.73 m?) <30, 27 (5.2%) 150 (4.2%) 0.26

without hemodialysis™
Hemodialysis* 11 (2.1%) 52 (1.5%) 0.23
Atrial fibrillation™ 53 (10%) 333 (9.3%) 0.46
Anemia (hemoglobin <11.0 g/dl)* 62 (12%) 338 (9.4%) 0.06
Thrombocytopenia (platelet 11 (2.1%) 65 (1.8%) 0.61
count <100,000)*
Chronic obstructive pulmonary 23 (4.5%) 113 (3.1%) 0.12
disease*
Liver cirrhosis* 20 (3.9%) 76 (2.1%) 0.02
Malignancy* 34 (6.6%) 293 (8.2%) 0.22

Categorical variables are expressed as number (%) unless otherwise
indicated. Continuous variables are shown as mean + SD or median
(interquartile range).

eGFR = estimated glomerular filtration rate; SD = standard deviation.

* Potential independent variables selected for Cox proportional hazard
models.

guidelines of the Japanese Ministry of Health, Labour and
Welfare.

The details on the design and patient enrollment of this
registry have been described previously.'’ Of 5,429 pa-
tients enrolled in this registry, we excluded 9 patients who
refused to participate in the study, 195 patients treated by
coronary artery bypass grafting, 689 patients who under-
went PCI beyond 24 hours after symptom onset, 30 patients
whose symptom onset was unknown, 331 patients for
whom the data on living arrangements was not available,
and 66 patients who had previous coronary artery bypass
grafting. Therefore, the study population for the current
analysis consisted of 4,109 patients with AMI who under-
went PCI within 24 hours of symptom onset and for whom
the data on living arrangements were available (ST-segment
elevation AMI: n = 3,615, non—ST-segment elevation
AMI: n = 494).

Experienced clinical research coordinators from an in-
dependent clinical research organization (Research Institute
for Production Development, Kyoto, Japan; Supplementary
Appendix B) collected baseline clinical, angiographic, and
procedural characteristics including living arrangement
from hospital charts or hospital databases according to

Table 2
Presentation and angiographic characteristics according to living
arrangements

Variable Living Not Living p
Alone Alone Value
(n = 515) (n = 3594)
ST-segment elevation myocardial 453 (88%) 3162 (88%) 0.99
infarction
Hours from onset to presentation 3.1 (1.3—6.4) 2.4 (1.2—5.3) 0.001
<2 hours 189 (39%) 1541 (45%) 0.01
Minutes from door to balloon 90 (60—138) 96 (66—138) 0.16
Hemodynamics:
Killip class 1 365 (71%) 2682 (75%) 0.04
Killip class 2 59 (11%) 279 (7.8%)
Killip class 3 14 (2.7%) 105 (2.9%)
Killip class 4* 77 (15%) 528 (15%)

Duration of hospitalization (days) 15 (10—22)
Infarct related coronary artery

15 (10—23) 0.06

Left anterior descending 249 (48%) 1602 (45%) 0.32
Left circumflex 69 (13%) 471 (13%)
Right 180 (35%) 1419 (40%)
Left main 13 (2.5%) 85 (2.4%)
Number of target coronary 1(1-2) 1 (1-2) 0.76
narrowings
Target of proximal left anterior 286 (56%) 1909 (53%) 0.30
descending coronary artery*
Target of unprotected left main 19 (3.7%) 131 (3.6%) 0.96
coronary artery”
Target of chronic total occlusion® 17 (3.3%) 122 (3.4%) 091
Target of bifurcation® 146 (28%) 956 (27%) 0.40
Side-branch stenting® 14 (2.7%) 122 (3.4%) 0.42
Total number of stents 1(1-2) 1(1-2) 0.97
Total stent length >28 mm* 207 (44%) 1422 (43%) 0.79
Minimum stent size <3.0 mm* 175 (37%) 1105 (34%) 0.13

Drug eluting stent use (culprit or 151 (32%)
other lesions)*

1092 (33%) 0.60

Categorical variables are expressed as number (%) unless otherwise
indicated. Continuous variables are shown as mean + SD or median
(interquartile range).

SD = standard deviation.

* Potential independent variables selected for Cox proportional hazard
models.

prespecified definitions. Collection of follow-up information
was mainly conducted through review of inpatient and
outpatient hospital charts by the clinical research co-
ordinators, and additional follow-up information was
collected through contact with patients, relatives, and/or
referring physicians by sending mail with questions
regarding vital status, subsequent hospitalizations, and sta-
tus of antiplatelet therapy. Death, myocardial infarction
(MI), and stroke were adjudicated by the clinical event
committee (Supplementary Appendix C). Median follow-up
duration for the surviving patients was 1,844 days (inter-
quartile range 1,508 to 2,163). Complete 1- and 3-year
follow-up information was obtained in 98.3% and 96.2%
of patients, respectively.

We defined the living alone group as comprising patients
who did not live with their family or others, at the time of
hospital admission. The detailed definitions of baseline
clinical characteristics were described previously.'”"* The
primary outcome measure for the current analysis was
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Table 3
Medications at discharge according to living arrangements
Variable Living Not Living p
Alone Alone Value
(n = 515) (n = 3594)
Antiplatelet therapy
Thienopyridine 495 (96%) 3427 (95%) 0.44
Ticlopidine 443 (90%) 3164 (92%) 0.03
Clopidogrel 51 (10%) 259 (7.6%) 0.03
Aspirin 508 (99%) 3545 (99%) 0.99
Cilostazol*” 158 (31%) 1266 (35%) 0.04
Other medications
Statins* 260 (50%) 1930 (54%) 0.17
Beta-blockers® 238 (46%) 1465 (41%) 0.02
ACE-I/ARB 368 (71%) 2622 (73%) 0.47
Nitrates™ 168 (33%) 1081 (30%) 0.24
Calcium channel blockers 103 (20%) 769 (21%) 0.47
Nicorandil* 148 (29%) 1002 (28%) 0.69
Warfarin* 45 (8.7%) 385 (11%) 0.17
Proton pump inhibitors 185 (36%) 1259 (35%) 0.69
H2-blockers* 167 (32%) 1155 (32%) 0.90

Categorical variables are expressed as number (%) unless otherwise
indicated. Continuous variables are shown as mean + SD or median
(interquartile range).

ACE-I = angiotensin converting enzyme inhibitors; ARB = angiotensin
receptor blockers; SD = standard deviation.

* Potential independent variables selected for Cox proportional hazard
models.

all-cause death. The secondary outcome measures included
cardiac death, M1, stroke, hospitalization for congestive heart
failure, and any coronary revascularization. Death was
regarded as cardiac in origin unless obvious noncardiac
causes could be identified. Any death during hospitalization
for the index AMI was regarded as cardiac death. MI was
defined according to the definition in the Arterial Revascu-
larization Therapies Study.'” Stroke was defined as ischemic
or hemorrhagic stroke either occurring during the index
hospitalization or requiring hospitalization with symptoms
lasting >24 hours. Hospitalization for congestive heart fail-
ure was regarded as present when intravenous drug treatment
was required for worsening heart failure. Any coronary
revascularization was defined as either PCI or coronary ar-
tery bypass grafting for any reasons. Scheduled staged cor-
onary revascularization procedures performed within
3 months of the initial procedure were not regarded as
follow-up events but were included in the index procedure.

We present continuous variables as mean £+ SD or me-
dian with interquartile range and categorical variables as
numbers and percentages. We compared categorical vari-
ables with the chi-square test when appropriate; otherwise,
we used Fisher’s exact test. We compared continuous var-
iables with the Student ¢ test or the Wilcoxon rank sum test
on the basis of the distributions.

We used the Kaplan-Meier method to estimate cumula-
tive incidences of clinical event rates and assessed differ-
ences with the log-rank test. The effects of the living alone
group relative to the not living alone group for individual
end points were expressed as hazard ratios with 95% con-
fidence intervals by multivariable Cox proportional hazard
models adjusting for the 40 clinically relevant factors

indicated in Tables 1, 2, and 3. Consistent with our previous
reports, continuous variables were dichotomized using
clinically meaningful reference values or median values. A
subgroup analysis stratified by patients’ age (=75 years or
<75 years) was also conducted. Statistical analyses were
conducted using JMP 10.0 (SAS Institute Inc., Cary, North
Carolina). All the statistical analyses were 2-tailed. We
regarded p values <0.05 as statistically significant.

Results

Regarding the baseline clinical characteristics, the living
alone group had significantly greater prevalence of patients
with advanced age, female gender, history of heart failure,
and liver cirrhosis (Table 1). The living alone group also had
a significantly longer onset-to-presentation time compared
with the not living alone group (Figure 1). However, there
was no significant difference in the angiographic and pro-
cedural characteristics between the 2 groups except for the
lower prevalence of multivessel coronary artery disease in
the living alone group. Regarding medical treatment at
discharge, P blockers were more often prescribed in the
living alone group (Tables 2 and 3).

The cumulative incidence of all-cause death was not
significantly different between the living alone and not
living alone groups at 5 years (Figure 2). After adjustment
for potential confounding factors, the risk for all-cause death
in the living alone group remained to be comparable with
that in the not living alone group. The unadjusted and
adjusted risk for cardiac death, MI, stroke, and any coronary
revascularization were also not different between the 2
groups (Figure 2, Supplementary Figure 1). However, the
cumulative incidence of readmission for heart failure in the
living alone group was significantly greater than that in the
not living alone group, although the adjusted risk of the
living alone group relative to the not living alone group for
readmission for heart failure was not statistically significant
(Table 4 and Supplementary Figure 1).

In the population of patients aged <75 years, the cu-
mulative 5-year incidence of all-cause death was not
different between the living alone and the not living alone
group. The cumulative incidence of all the other clinical end
points were also not different between the 2 groups in the
subgroup of patients aged <75 years (Table 4). In contrast,
the cumulative 5-year incidence of all-cause death and
cardiac death in the living alone group was significantly
lower than that in the not living alone group in the subgroup
of patients aged >75 years. However, after adjusting for the
confounders, lower risk of the living alone group relative to
the not living alone group for all-cause death was no longer
significant in the subgroup of patients aged >75 years,
although the adjusted risk for cardiac death in the living
alone group remained significant. Regarding the other
clinical end points, the adjusted outcomes between the
living alone group and the not living alone group were not
significantly different in the subgroup of patients aged
>75 years (Table 4).

Discussion

The main findings in this study were as follows: (1) living
alone was not associated with higher long-term mortality in

_56_



Coronary Artery Disease/Living Alone and Mortality

Onset to presentation time
(hours)

3.1(1.3-6.4)

24(12-5.3)

P=0.001

Not living alone

Living alone

525

Door to balloon time

(minutes)

96 (66-138)

Living alone Not living alone

Figure 1. Onset-to-presentation time and door-to-balloon time according to living arrangements.
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Figure 2. Clinical outcomes according to living arrangements. Cumulative incidences of all-cause death (A) and cardiac death (B) were compared between the

living alone group and not living alone group.

patients with AMI who underwent PCI within 24 hours of
symptom onset; (2) the risk of readmission for heart failure
was also not significantly different between the living alone
group and the not living alone group; and (3) these results
were consistently observed regardless of patients’ age.

Living alone in older patients is an important welfare
issue in the rapidly aging societies. The Statistics Bureau of
Japan reported that percentage of subjects living alone in
Japan was 11.3% in 2005 and 13.1% in 2010 (12.5% in the
present study).'® However, little is known about the influ-
ence of living alone in older patients on the clinical outcome
after AML. In previous studies, living alone was reported to
be associated with increased risk of cardiovascular dis-
ease' * and poorer clinical outcomes after AMI" '’ How-
ever, most studies enrolled not only patients receiving
primary PCI but also those with lytic therapy or those not
receiving reperfusion therapy. Moreover, some of the recent
studies reported no significant association between living
alone and mortality after AML'""'* Therefore, the associa-
tion between living alone and long-term mortality after AMI
in patients with PCI is controversial in the current real-world
clinical practice.

In contrast to many previous reports, living alone was not
associated with higher long-term mortality in patients with
AMI who underwent PCI within 24 hours of symptom onset
in the present study. One of the possible reasons for this
discrepancy might be the difference in the baseline charac-
teristics of the enrolled patients. The average of patients’ age
in the present study was much higher than those in other
studies, and all the patients in the present study received PCI
in the AMI setting. In older populations, patients living
alone might be more likely to have good functional status,
which has been reported to be a powerful predictor of sur-
vival in older subjects.'’ '’ Another possible reason for the
discrepancy between the present and previous studies might
be the health insurance system in Japan, where public health
insurance system covers everyone. Previous studies reported
that patients living alone tended to have a higher unem-
ployment rate and lower incomes,” "' and other studies
also reported that lower income patients were less likely to
receive primary PCIL”"** Indeed, the recent study evaluating
living arrangement and mortality after AMI in Japan also
reported no significant difference in long-term mortality
between the living alone and not living alone patients.”
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Table 4

Clinical outcomes in patients living alone compared with patients not living alone

Variable Living Alone

Not Living Alone

Unadjusted p Adjusted p

N of Patients
With Events

N of Patients
With Events

Value —  Value

Living Alone Living Alone

(Cumulative Incidence)  (Cumulative Incidence) HR 95% CI HR 95% CI

(n = 515) (n = 3594)
All-cause death 87 (18%) 693 (20%) 097  (0.79-1.19)  0.77 0.82  (0.65—1.02) 0.08
Cardiac death 49 (10%) 405 (12%) 094  (0.70—1.23) 0.65 0.78  (0.57—1.04) 0.10
Myocardial infarction 26 (6.0%) 167 (5.3%) 1.11 (0.73—1.62)  0.62 099  (0.63—1.48) 0.95
Stroke 27 (6.0%) 204 (6.5%) 094 (0.62—1.35) 0.73 096  (0.63—1.41) 0.82
Readmission for heart failure 59 (14%) 262 (8.4%) 1:55 (1.16—2.04) 0.004 .22 (0.88—1.65) 0.22
Any coronary revascularization 173 (38%) 1204 (38%) 1.00 (0.86—1.17) 0.99 1.11 (0.93—1.30) 0.24

Patients <75 years of age (n = 319) (n = 2497)
All-cause death 33 (11%) 255 (11%) LAl (0.79—1.53) 0.53 0.75  (0.50—1.09) 0.13
Cardiac death 22 (7.2%) 156 (6.4%) 1.23  (0.80—1.82) 0.34 091  (0.55—1.43) 0.68
Myocardial infarction 13 (4.7%) 102 (4.4%) 1.07  (0.60—1.77)  0.81 1.05  (0.57—1.79) 0.88
Stroke 12 (4.2%) 108 (4.7%) 0.69 (0.48—1.52) 0.69 092 (0.48—1.61) 0.78
Readmission for heart failure 21 (7.2%) 111 (4.9%) 1.44  (0.88—2.23) 0.14 1.01  (0.59—1.66) 0.96
Any coronary revascularization 119 (41%) 918 (39%) 0.80 (0.84—1.23) 0.80 1.12 (0.91—1.36) 0.28

Patients >75 years of age (n = 196) (n = 1097)
All-cause death 54 (30%) 438 (42%) 0.71  (0.54—0.92) 0.009 0.79 (0.59—1.04) 0.10
Cardiac death 27 (16%) 249 (25%) 0.64 (0.43-091) 0.01 0.65 (0.42—0.97) 0.04
Myocardial infarction 13 (8.2%) 65 (8.0%) 1.04  (0.55—1.82) 0.89 0.87 (0.43—1.62) 0.67
Stroke 15 (9.3%) 96 (12%) 0.82 (0.47—1.35) 045 096 (0.53—1.63) 0.87
Readmission for heart failure 38 (26%) 151 (18%) 1.32  (0.92—1.86) 0.13 1.29  (0.84—1.92) 0.24
Any coronary revascularization 54 (33%) 286 (33%) 1.00  (0.74—1.33) 098 1.12  (0.80—1.53) 0.49

Cumulative incidence was estimated by the Kaplan-Meier method.

Unadjusted and adjusted HR and 95% CI were estimated by the Cox proportional hazard models.

CI = confidence interval; HR = hazard ratio.

As mentioned before, older patients living alone might be
more likely to have good functional status, which was a
powerful predictor of survival in older subjects. In contrast,
patients living alone might have difficulties in receiving
social support. These 2 factors might have directionally
opposite impact on the relation between living arrangement
and clinical outcome after AML'’ Furthermore, the present
study and previous studies could not evaluate the patients
living alone who suffered from AMI and died before hospital
arrival. Indeed, the time from symptom onset to arrival at the
hospital was much longer in patients living alone than in
patients not living alone in the present study. Total ischemic
time was reported to be an important factor associated with
long-term mortality in patients with ST-segment elevation
AMI undergoing primary PCL'’ In this point of view, it
would be important to reinforce the social welfare system to
support the patients living alone in emerging setting.

This study has several limitations. First, observational
study design precluded definitive conclusions because of
selection bias and unmeasured confounders. Second, we did
not collect data on the changes in living arrangements after
discharge from the index hospitalization, as well as func-
tional, psychological, educational, and socioeconomic sta-
tus, although those factors might be powerful predictors of
mortality after AMI. Therefore, future well-conducted
prospective studies in which those data are corrected will
be desired. Third, practice style in Japan, such as longer
length of hospital stay after AMI, is different from other
countries.”* Finally, patient demographics and clinical

outcomes in patients with AMI living alone in Japan may be
also different from those outside Japan. Therefore, gener-
alizing these results to populations outside Japan should be
done with caution.
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The influence of preinfarction angina pectoris (AP) on long-term clinical outcomes in patients
with ST-segment elevation myocardial infarction (STEMI) who underwent primary percu-
taneous coronary intervention (PCI) remains controversial. In 5,429 patients with acute
myocardial infarction (AMI) enrolled in the Coronary Revascularization Demonstrating
Outcome Study in Kyoto AMI Registry, the present study population consisted of 3,476 pa-
tients with STEMI who underwent primary PCI within 24 hours of symptom onset and in
whom the data on preinfarction AP were available. Preinfarction AP defined as AP occurring
within 48 hours of hospital arrival was present in 675 patients (19.4%). Patients with pre-
infarction AP was younger and more often had anterior AMI and longer total ischemic time,
whereas they less often had history of heart failure, atrial fibrillation, and shock presentation.
The infarct size estimated by peak creatinine phosphokinase was significantly smaller in
patients with than in patients without preinfarction AP (median [interquartile range] 2,141
[965 to 3,867] IU/L vs 2,462 [1,257 to 4,495] IU/L, p <0.001). The cumulative 5-year incidence
of death was significantly lower in patients with preinfarction AP (12.4% vs 20.7%, p <0.001)
with median follow-up interval of 1,845 days. After adjusting for confounders, preinfarction
AP was independently associated with a lower risk for death (hazard ratio 0.69, 95% confi-
dence interval 0.54 to 0.86, p = 0.001). The lower risk for 5-year mortality in patients with
preinfarction AP was consistently observed across subgroups stratified by total ischemic time,
initial Thrombolysis In Myocardial Infarction flow grade, hemodynamic status, infarct
location, and diabetes mellitus. In conclusion, preinfarction AP was independently associated

with lower 5-year mortality in patients with STEMI who underwent primary PCI. © 2014
Elsevier Inc. All rights reserved. (Am J Cardiol 2014;114:1179—1186)

Preinfarction angina pectoris (AP) before the onset of
ST-segment elevation myocardial infarction (STEMI) was
reported to be associated with limited infarct size and
improved clinical outcomes in patients with STEMI in the
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thrombolytic era in accordance with the previous experi-
mental studies reporting the protective effect of brief epi-
sodes of ischemia before coronary occlusion on infarct
size.' '” The prevalence of preinfarction AP in previous
studies, however, varies widely from 11% to 69% according
to the definitions of preinfarction AP."”'" Furthermore, the
cardioprotective effects of preinfarction AP in patients with
STEMI are still controversial in the primary percutaneous
coronary intervention (PCI) era. The clinical significance of
preinfarction AP was evaluated in several relatively small
studies, and most of those studies evaluated infarct size
instead of mortality with discordant results in those
studies.”'™'" Therefore, we sought to assess the clinical
significance of preinfarction AP on long-term mortality of
patients with STEMI who underwent primary PCI in a large,
multicenter acute myocardial infarction (AMI) registry in
Japan.

Methods

The Coronary Revascularization = Demonstrating
Outcome Study in Kyoto (CREDO-Kyoto) AMI registry is a

www.ajconline.org
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Figure 1. Study flow chart. CABG = coronary artery bypass grafting.

physician-initiated, non—company-sponsored multicenter
registry that enrolled consecutive patients with AMI having
coronary revascularization within 7 days of the onset of
symptoms from January 2005 to December 2007 across 26
tertiary hospitals in Japan (Supplementary Appendix A)."
The relevant review boards or ethics committees in all 26
participating centers approved the study protocol. Obtaining
written informed consent from the patients was waived
because of the retrospective study design. In 5,429 patients
enrolled in the CREDO-Kyoto AMI registry, 9 patients were
excluded because of their refusal to participate in the study
when contacted at follow-up. We also excluded 195 patients
who had coronary artery bypass grafting surgery, 789 pa-
tients with non-STEMI, 494 patients who received PCI
beyond 24 hours after onset, 353 patients with previous
myocardial infarction (MI), and 113 patients in whom data
on the presence or absence of preinfarction AP were not
available because their clinical histories before the onset of
STEMI were not found in their charts or database (Figure 1).
We excluded patients with previous MI because previous
studies have reported that cardioprotective mechanism of
ischemic preconditioning is impaired in patients with post-
infarct left ventricular remodeling.”"” Therefore, the study
population for the current analysis consisted of 3,476 pa-
tients with first STEMI who had primary PCI within
24 hours of onset and in whom data on the presence or
absence of preinfarction AP were available.

Experienced clinical research coordinators in the inde-
pendent research organization (Research Institute for Pro-
duction  Development, Kyoto, Japan) collected
demographic, angiographic, and procedural data from the
hospital charts or hospital databases according to the pre-
specified definitions (Supplementary Appendix B).'® They

also collected data about symptoms within 48 hours before
hospital arrival from the hospital charts or hospital
databases.

Collection of follow-up information was mainly con-
ducted through review of the inpatient and outpatient hos-
pital charts by the clinical research coordinators, and
additional follow-up information was collected through
contact with patients, relatives, and/or referring physicians
by sending mail with questions regarding vital status, sub-
sequent hospitalizations, and status of antiplatelet therapy.
Serious adverse events, such as death, M1, stent thrombosis,
and stroke, were adjudicated by the clinical event committee
(Supplementary Appendix C). The median length of follow-
up in this study was 1,845 (interquartile range [IQR]: 1,517
to 2,155) days.

Preinfarction AP was defined as typical AP, chest
discomfort, or radiating pain persisting <30 minutes within
48 hours of hospital arrival for the index STEMI. Atypical
chest pain or dyspnea was not included in preinfarction AP
because it was difficult to assess whether those symptoms
were representing myocardial ischemia. Those patients
whose symptoms of preinfarction AP were not described in
their charts or database despite available clinical information
before hospital arrival were regarded as those without pre-
infarction AP. The detailed definitions of other baseline
clinical characteristics were described previously.'™'*

The primary outcome measure for this analysis was all-
cause death. Death was regarded as cardiac in origin un-
less obvious noncardiac causes could be identified. Any
death during the index hospitalization for AMI was regarded
as cardiac death. As the secondary outcome measure,
recurrent MI was also evaluated. MI was defined according
to the definition in the Arterial Revascularization Therapy
Study."”

We present continuous variables as the mean and SD or
median and IQR and categorical variables as numbers and
percentages. We compared continuous variables with the
Student’s ¢ test or a Wilcoxon rank-sum test on the basis of the
distributions. We compared categorical variables with the chi-
square test when appropriate; otherwise, we used the Fisher’s
exact test. A multivariable logistic regression model was used
to identify independent predictors of preinfarction AP.

We used the Kaplan-Meier method to estimate the cu-
mulative incidences of clinical event and assessed the dif-
ferences with the log-rank test. The effects of preinfarction
AP for the primary outcome measure were expressed as
hazard ratios with 95% confidence intervals by multivari-
able Cox proportional hazard models adjusting for the 36
clinically relevant factors indicated in Table |. We did not
use hemodynamic status, infarct size, and total ischemic
time as covariates in the multivariable models because these
factors could potentially be affected by the presence of
preinfarction AP. We also computed the adjusted cumula-
tive incidence curves of patients with and without pre-
infarction AP using a multivariable Cox proportional
hazards model in conjunction with the methods described by
Ghali et al.”’ Consistent with our previous reports, contin-
uous variables were dichotomized using clinically mean-
ingful reference values or median values. We also evaluated
the effects of preinfarction AP on the primary outcome
measure in several subgroups stratified by total ischemic
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Table 1
Baseline characteristics of patients with and without preinfarction angina pectoris
Variable Pre-infarction Angina Pectoris p Value
Yes (N = 675) No (N = 2801)
Age (years & SD) 66.1 £ 11.7 67.5 £ 124 0.008
Age > 75 years” 174 (26%) 866 (31%) 0.009
Male* 492 (73%) 2036 (73%) 0.92
Body mass index  (mean % SD) 23.5 4 3.4 2377 4+ 35 0.26
Body mass index <25 kg/m** 485 (72%) 2010 (72%) 0.96
Hypertension* 539 (80%) 2163 (77%) 0.14
Diabetes mellitus 196 (29%) 878 (31%) 0.24
On insulin therapy” 24 (3.6%) 120 (4.3%) 0.39
Current smoker* 290 (43%) 1145 (41%) 0.32
Prior heart failure” 4 (0.6%) 53 (1.9%) 0.02
Severe mitral regurgitation” 8 (1.2%) 79 (2.8%) 0.01
Prior stroke (symptomatic)” 53 (7.9%) 242 (8.6%) 0.51
Peripheral vascular disease” 17 (2.5%) 85 (3.0%) 0.48
eGFR' <30 ml/min/1.73 m?, without dialysis* 18 (2.7%) 122 (4.4%) 0.045
Hemodialysis* 9 (1.3%) 39 (1.4%) 0.91
Atrial fibrillation™® 40 (5.9%) 277 (9.9%) 0.001
Anemia (Hb < 11.0 g/dl)* 60 (8.9%) 260 (9.3%) 0.75
Thrombocytopenia (PLT <10%10%" 9 (1.3%) 54 (1.9%) 0.30
COPD* 30 (4.4%) 83 (3.0%) 0.051
Liver cirrhosis® 17 2.5%) 65 (2.3%) 0.76
Malignancy* 48 (7.1%) 220 (7.9%) 0.52
Hours from onset to presentation 3.1 (1.3-7.4) 2.3 (1.1-4.9) <0.001
Hours from onset to balloon 4.9 (3.1-9.1) 4.1 (2.8—6.9) <0.001
<3 hours from onset to balloon 145/595 (24%) 728/2460 (30%) 0.01
Minutes from door to balloon 90 (60—132) 90 (60—132) 0.66
Hemodynamics
Killip class 1 567 (84%) 2061 (74%) <0.001
Killip class 2 48 (7.1%) 227 (8.1%)
Killip class 3 7 (1.0%) 79 (2.8%) <0.001
Killip class 4 (cardiogenic shock) 53 (7.9%) 434 (15%) <0.001
Killip class 2—4 108 (16%) 740 (26%)
Location of MI
Anterior wall 363 (54%) 1320 (47%) <0.001
Inferior wall 224 (33%) 1161 (41%)
Lateral wall 16 (2.4%) 86 (3.1%) <0.001
Posterior wall 72 (11%) 234 (8.4%) 0.006
TIMI flow grade 0 367 (54%) 1687 (60%)
Multivessel disease* 322 (48%) 1387 (50%) 0.40
Target of proximal LAD* 419 (62%) 1513 (54%) <0.001
Target of unprotected LMCA® 24 (3.6%) 97 (3.5%) 0.91
Target of CTO* 14 2.1%) 91 (3.3%) 0.11
Target of bifurcation* 197 (29%) 723 (26%) 0.07
Side-branch stenting* 22 (3.3%) 87 (3.1%) 0.84
Total stent length >28 mm™ 272 (42%) 1082 (42%) 0.97
Minimum stent size <3.0 mm* 220 (34%) 799 (31%) 0.16
Medications at discharge
Thienopyridine 657 (97%) 2663 (95%) 0.01
Aspirin 670 (99%) 2749 (98%) 0.04
Cilostazole* 254 (38%) 969 (35%) 0.14
Statin™ 374 (55%) 1487 (53%) 0.28
Beta-blockers* 282 (42%) 1181 (42%) 0.86
ACE-VARB* 515 (76%) 2011 (72%) 0.02
Nitrates™ 255 (38%) 780 (28%) <0.001
Calcium channel blockers* 125 (19%) 550 (20%) 0.51
Nicorandil* 196 (29%) 777 (28%) 0.50
Warfarin* 62 (9.2%) 309 (11%) 0.16
Proton pump inhibitors™ 242 (36%) 955 (34%) 0.39
H2-blockers* 235 (35%) 910 (32%) 0.25

ACE-I = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blockers; COPD = chronic obstructive pulmonary disease; CTO = chronic
total occlusion; eGFR = estimated glomerular filtration rate; Hb = hemoglobin; IQR = interquartile range; LAD = left anterior descending artery; LMCA =
left main coronary artery; PLT = platelet; SD = standard deviation; TIMI = Thrombolysis In Myocardial Infarction.

* Potential independent variables selected for Cox proportional hazard models.

" Body mass index was calculated as weight in kilograms divided by height in meters squared.

' eGFR was calculated by the Modification of Diet in Renal Disease formula modified for Japanese patients.
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Table 2
Predictors of preinfarction angina pectoris, univariate and multivariate analysis

The American Journal of Cardiology (wwiw.ajconline.org)

Variable Univariate Analysis Multivariate Analysis

Pre-infarction Angina Pectoris OR p Value OR 95% CI p Value

Yes No
(N = 675) (N = 2801)

Age > 75 years 174 (26%) 866 (31%) 0.78 0.008 0.86 0.71—-1.04 0.13
Prior heart failure 4 (0.6%) 53 (1.9%) 0.31 0.008 0.42 0.13—1.04 0.06
Severe mitral regurgitation 8 (1.2%) 79 (2.8%) 0.41 0.008 0.51 0.22—1.01 0.053
eGFR* <30 ml/min/1.73 m?, without dialysis 18 (2.7%) 122 (4.4%) 0.60 0.04 0.71 0.42—1.16 0.18
Atrial fibrillation 40 (5.9%) 277 (9.9%) 0.57 <0.001 0.65 0.46—0.93 0.01
Anterior wall MI 419 (62%) 1513 (54%) 1.39 <0.001 1:35 1.13—1.60 <0.001

CI = confidence interval; MI = myocardial infarction; OR = odds ratio.

* eGFR was calculated by the Modification of Diet in Renal Disease formula modified for Japanese patients.

p<0.001
-
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Figure 2. Peak creatinine phosphokinase value according to preinfarction
AP. Data were presented as median (IQR). IQR = interquartile range.

time (<3 hours, 3 to 6 hours, or 6 to 24 hours), Throm-
bolysis In Myocardial Infarction (TIMI) flow grade (O or
>1), hemodynamic status (Killip class I or Killip class II to
IV), infarct location (anterior MI or nonanterior MI), and
diabetes mellitus (diabetes mellitus or non-diabetes melli-
tus). For the subgroup analyses, we also developed the Cox
proportional hazard models incorporating the same risk
adjusting variables to estimate the effect of preinfarction AP
for the primary outcome measure.

All statistical analyses were conducted using JMP,
version 10.0.2 (SAS Institute Inc., Cary, North Carolina) or
SAS, version 9.3 (SAS Institute Inc.). All reported p values
were 2 tailed, and p values <0.05 were considered statisti-
cally significant.

Results

In the 3,476 patients with STEMI who underwent pri-
mary PCIL, preinfarction AP within 48 hours of hospital
arrival was present in 675 patients (19.4%). Baseline

characteristics were significantly different in several aspects
between the 2 groups of patients with or without pre-
infarction AP (Table 1). Independent predictors for pre-
infarction AP identified by a multivariate logistic regression
model included anterior MI and absence of atrial fibrillation
(Table 2).

Regarding clinical presentation of STEMI, onset-to-
admission time and total ischemic time as represented by
onset-to-balloon time were significantly longer in patients
with preinfarction AP, whereas door-to-balloon time was
not different between the 2 groups. The prevalence of he-
modynamic compromise as represented by Killip class II to
IV was significantly lower in patients with preinfarction AP
than in those without preinfarction AP (Table 1).

Regarding medications at hospital discharge, antiplatelet
agents, angiotensin-converting enzyme inhibitors/angio-
tensin receptor blockers, and nitrates were more often pre-
scribed in patients with preinfarction AP than in those
without preinfarction AP.

The infarct size estimated by peak creatinine phospho-
kinase (CPK) value was evaluated in the vast majority of
patients (3,449 patients [99.2%]). The peak CPK value was
significantly smaller in patients with preinfarction AP than
in patients without preinfarction AP (median peak CPK
[IQR]: 2,141 [965 to 3,867] IU/L vs 2,462 [1,1257 to 4,495]
IU/L, p <0.001; Figure 2).

The cumulative 5-year incidence of all-cause death was
significantly lower in patients with preinfarction AP than in
patients without preinfarction AP (12.4% vs 20.7%,
p <0.001; Figure 3). After adjusting for confounders, pre-
infarction AP was independently associated with a lower
risk for all-cause death (adjusted hazard ratio 0.69, 95%
confidence interval 0.54 to 0.86, p = 0.001; Figure 3).

The lower risk for 5-year mortality in patients with pre-
infarction AP was consistently observed across subgroups
stratified by total ischemic time, initial TIMI flow grade,
hemodynamic status, infarct location, and diabetes mellitus.
There was no significant interaction between the subgroup
factors and the effect of preinfarction AP on 5-year mortality
in any of the subgroups evaluated (Figure 4). It was note-
worthy that the 5-year mortality in patients with pre-
infarction AP was not affected by the total ischemic time
(Figure 5).
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Figure 3. Unadjusted Kaplan-Meier curves for cumulative incidence of all-cause death (A) and adjusted curve for all-cause death (B).

There was no significant difference in the cumulative
incidence of MI between the 2 groups of patients with and
without preinfarction AP (4.6% vs 5.8%, p = 0.21).

Discussion

The main findings of the present study are as follows: (1)
the prevalence of preinfarction AP was 19.4% in a large,
real-world consecutive series of patients with STEMI who
underwent primary PCI within 24 hours of symptom onset;
(2) the presence of preinfarction AP was independently
associated with a lower risk for 5-year mortality; (3) the

lower risk for 5-year mortality in patients with preinfarction
AP was consistently observed across subgroups stratified by
total ischemic time, initial TIMI flow grade, hemodynamic
status, infarct location, and diabetes mellitus.

Murry et al'' reported that brief, nonlethal episodes of
myocardial ischemia paradoxically preconditioned the heart
and profoundly reduced infarct size, proposing the concept
named “preconditioning effect.” Several mechanisms, such
as accelerated thrombolysis,” reduced microvascular
obstruction,”’ and opening of preexisting collateral chan-
nels,”” have been proposed to explain the cardioprotective
effects. After this report, many studies reported that
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