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Background: The benefit of utilizing an invasive strategy in elderly Chinese patients with non-ST-elevation

myocardial infarction (NSTEMI) remains unclear. The aim of this study was to determine whether in-hospital

revascularization is associated with long-term prognosis in elderly Chinese patients with NSTEMI, as compared

with younger patients.

Methods: All patients were followed up for at least 3 years or until the occurrence of a major event. The primary

endpoint was all-cause mortality, and the secondary endpoint was the combined occurrence of major adverse

cardiovascular events (MACE), including death, nonfatal MI, and ischemic stroke.

Results: A total of 343 consecutive NSTEMI patients (148 over the age of 75 years and 195 aged < 75 years) were

enrolled. Coronary angiography was performed less frequently in elderly patients (66% vs. 76%; p = 0.027).

Multiple logistic regression analysis confirmed the benefit of in-hospital revascularization in the elderly and

younger patients, with a statistically significant reduction in the odds of all-cause death and MACE at 1 year and 3

years, respectively. In a multivariable Cox regression analysis, in-hospital revascularization was an independent

predictor of future MACE not only in elderly patients [hazard ratio (HR), 0.61; 95% confidence interval (CI),

0.38-0.97] but also in younger patients as well (HR, 0.51; 95% CI, 0.31-0.84).

Conclusions: In Chinese patients with NSTEMI, in-hospital revascularization was associated with significant

benefits at 1 year and 3 years in both younger and elderly groups. These results are consistent with the published

literature and suggest that advanced age alone should not be regarded as a contraindication to invasive

management following presentation with NSTEMI.
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INTRODUCTION

Managing patients with non-ST-segment elevation

acute coronary syndrome (NSTE-ACS) has evolved ra-

pidly with the development of new care strategies in

recent years. In patients who are regarded as high risk,

guidelines
1,2

emphasize intensive and early interven-

tional therapy, including routine use of coronary angio-

graphy and subsequent revascularization. Elderly pa-

tients, who are frequently underrepresented in random-

ized trials of ACS relative to their disease prevalence,
3

constitute an increasing proportion of patients with

NSTE-ACS. In a previously published Italian registry of

patients with NSTE-ACS, more than 35% of the patients

were 75 years of age or older.
4

Compared with younger
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patients, elderly patients have a greater extent of coro-

nary artery disease and a higher rate of comorbid condi-

tions, and are more likely to suffer complications after

revascularization procedures.
4,5

Accumulated evidence

has demonstrated that advanced age is an independent

risk factor for early mortality and (re)infarction in pa-

tients presenting with NSTE-ACS.
6

In addition, elderly patients are less likely to un-

dergo revascularization therapies and to receive optimal

evidence-based medications than younger patients, em-

phasizing the growing importance of investigating thera-

peutic modalities in elderly patients with NSTE-ACS.
7-10

Subgroup analysis of a previously published randomized

control trial suggests that elderly patients with NSTE-

ACS have better ischemic outcomes when they undergo

routine early invasive strategy compared with those

managed conservatively.
11

However, patients with se-

vere comorbid conditions or other serious systemic ill-

ness were excluded, and the benefit of invasive strategy

in elderly Chinese patients with non-ST-segment eleva-

tion myocardial infarction (NSTEMI) has not been care-

fully studied. The aim of this study was to determine

whether in-hospital revascularization is associated with

long-term prognosis in elderly Chinese patients with

NSTEMI, as compared with younger patients.

METHODS

Study population

This was a retrospective study of consecutive pa-

tients with NSTEMI admitted to a coronary care unit

(CCU) in the Cardiology Division at Taipei Veterans

General Hospital between May 2002 and December

2005. NSTEMI was defined as detection of a rise of car-

diac troponin I, accompanied by either ischemic symp-

toms or electrocardiographic changes (including is-

chemic ST-segment depression or T-wave inversion or

even “normal” results). Elevated cardiac troponin I was

defined as a measurement exceeding the 99th percen-

tile of the upper reference limit. Before enrollment, a

detailed review of each patient’s chart was conducted to

gather data on symptoms, medications, coronary risk

factors, earlier cardiac events, smoking status, and other

systemic diseases. Hypertension was defined as a sys-

tolic blood pressure � 140 mmHg, a diastolic blood pres-

sure � 90 mmHg, or use of antihypertensive treatment.

Diabetes mellitus was defined according to World He-

alth Organization criteria.
12

Hypercholesterolemia was

defined as serum cholesterol � 200 mg/dL or being

medicated with lipid-lowering drugs. Serum creatinine >

2 mg/dl was classified as renal insufficiency. Smokers

were classified as former only if they had not smoked

for more than 6 months. Patients who died early (within

24 h) were excluded. To reduce patient selection bias,

there were no other specific exclusion criteria. The

study was approved by the local research ethics com-

mittee.

Risk score calculation

The Global Registry of Acute Coronary Events

(GRACE) risk sore
13

was calculated from the initial cli-

nical history, electrocardiogram, and laboratory values

collected upon admission. Although the present study

was retrospective, all data were collected completely

and entered into a computer database.

Intervention strategies

A diseased vessel was defined as a major epicardial

artery with at least 50% stenosis. Revascularization was

recommended for all patients with � 70% diameter ob-

struction in any artery supplying a significant proportion

of the myocardium. Percutaneous coronary intervention

was recommended if there were 1 or 2 target lesions;

otherwise, coronary artery bypass grafting (CABG) was

preferred in patients with 3-vessel or left main coronary

artery disease (CAD).

Clinical follow-up for endpoints

All patients included were followed up for at least 3

years or until the occurrence of a major event. The pri-

mary endpoint was all-cause mortality. The secondary

endpoint was the combined occurrence of major ad-

verse cardiovascular events (MACE), including death,

nonfatal MI, and ischemic stroke. We contacted all pa-

tients by telephone and followed up their medical re-

cords retrospectively. Nonfatal MI was defined by a rise

of cardiac troponin I with ischemic symptoms and/or

characteristic electrocardiographic changes. Ischemic

stroke was defined as the presence of a new neuro-

logical deficit lasting for at least 24 h with definite evi-

dence of a cerebrovascular accident verified by either
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magnetic resonance imaging or computed tomography.

The endpoint was analyzed at discharge, 1 year, and 3

years.

Statistical analysis

Data were expressed as the mean � standard devia-

tion for numeric variables and as the number (percent)

for categorical variables. Comparisons of continuous

variables between groups were performed by Student’s

t-test. Subgroup comparisons of categorical variables

were assessed by a Chi-square or Fisher’s exact test.

Survival curves were generated by the Kaplan-Meier

method and survival among groups was compared by

use of the log-rank test. Multiple logistic regression

analysis was used to evaluate the effect of in-hospital

revascularization on in-hospital and long-term outcomes,

and to assess the interaction between age group and in-

vasive strategy. Multivariable Cox regression analysis

was performed to determine the independent effect of

invasive strategy on long-term outcomes in elderly pa-

tients. The variables included in the multivariable model

were age, sex, medical history (hypertension, diabetes,

hypercholesterolemia, and current smoker), in-hospital

revascularization, GRACE risk score, and medications

(angiotensin-converting enzyme inhibitors, �-blockers,

and statins). Data were analyzed using SPSS software

(version 17, SPSS, Chicago, Illinois, USA). A p value of <

0.05 was considered to indicate statistical significance.

RESULTS

Patient characteristics

A total of 343 consecutive patients (239 males, 70%)

were enrolled in this study. There were 148 (43%) pa-

tients over the age of 75 years and 195 (57%) aged < 75

years. The baseline characteristics of the two groups are

shown in Table 1. Systemic hypertension, Killip class > 1,
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Table 1. Baseline characteristics of NSTEMI patients in younger and elderly group

< 75 years (n = 195) � 75 years (n = 148) p

Age (years) 63.0 � 9.7 79.5 � 4.2 < 0.001 <

Male 135 (69.2%) 104 (70.3%) 0.836

Current smoker 74 (37.9%) 40 (27.0%) 0.033

Hypertension 139 (71.3%) 120 (81.1%) 0.037

Diabetes mellitus 097 (49.7%) 60 (40.5%) 0.090

Hypercholesterolemia 049 (25.1%) 24 (16.2%) 0.046

Renal insufficiency 52 (26.7%) 37 (25.0%) 0.727

Previous MI 31 (15.9%) 22 (14.9%) 0.793

Previous stroke/TIA 32 (16.4%) 28 (18.9%) 0.545

Prior PCI/CABG 37 (19.0%) 40 (27.0%) 0.077

SBP (mmHg) 133 � 30 137 � 32 0.243

DBP (mmHg) 075 � 18 074 � 17 0.681

GRACE score 153.4 � 50.0 191.2 � 41.2 < 0.001 <

Killip classification < 0.001 <

Killip = 1 123 (63.1%) 065 (43.9%)

Killip > 1 072 (36.9%) 083 (56.1%)

Medication use at discharge

Antiplatelet agent 194 (99.5%) 146 (98.6%) 0.580

�-blocker 074 (37.9%) 056 (37.8%) 0.983

Calcium channel blocker 064 (32.8%) 069 (46.6%) 0.009

ACE inhibitor 048 (24.6%) 061 (41.2%) 0.001

A II receptor blocker 034 (17.4%) 022 (14.9%) 0.523

Statin 051 (26.2%) 033 (22.3%) 0.411

Values are mean � SD or number (%).

ACE, angiotensin-converting enzyme; A II, angiotensin II; CABG, coronary artery bypass grafting; DBP, diastolic blood pressure; MI,

myocardial infarction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; TIA, transient ischemic attack.



and higher GRACE score were more often present in el-

derly patients. Moreover, angiotensin-converting en-

zyme inhibitors and calcium-channel blockers were used

more frequently in elderly patients. However, elderly pa-

tients less often were current smokers and with hyper-

cholesterolemia compared with younger patients.

Angiographic and procedural characteristics

Coronary angiography was globally performed in

246 patients, 97 (66%) in the elderly group and 149

(76%) in the younger group. As shown in Table 2, coro-

nary angiography was less frequently undertaken in pa-

tients with higher GRACE score and Killip class > 1,

whether in the elderly or younger groups. Moreover,

younger patients with lower peak creatine kinase level

were less likely to undergo coronary angiography. There

was a greater extent of CAD in the elderly than in youn-

ger patients (chi-square for linear trend, p = 0.011), as

illustrated in Figure 1. Revascularization procedures

were performed in 68 (46%) elderly patients and in 93

(48%) younger patients with no difference between the

groups in the technique, percutaneous or surgical, that

was applied.

Early and late clinical outcomes

All study subjects were followed up until July 2009.

The incidence of in-hospital mortality was not signifi-

cantly different between elderly and younger patients, as

well as the combined triple endpoint. At 1 year, all-cause

death and MACE were significantly more common among

elderly than among younger patients (27.7% vs. 17.4%, p

= 0.023 and 36.5% vs. 23.1%, p = 0.007, respectively). At

3 years, overall mortality and MACE were still signifi-

cantly more common among elderly than among youn-

ger patients (48.0% vs. 26.2%, p < 0.001 and 54.1% vs.

33.8%, p < 0.001, respectively), as shown in Table 3. After

adjustment for age, sex, medical history (hypertension,
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Table 2. Baseline characteristics of NSTEMI patients undergoing or not undergoing angiography in younger and elderly group

< 75 years � 75 years

Angiography

(n = 149)

No angiography

(n = 46)
p value

Angiography

(n = 97)

No angiography

(n = 51)
p value

Male 104 (69.8%) 31 (67.4%) 0.757 74 (76.3%) 30 (58.8%) 0.027

Current smoker 060 (40.3%) 14 (30.4%) 0.230 30 (30.9%) 10 (19.6%) 0.141

Hypertension 103 (69.1%) 36 (78.3%) 0.231 80 (82.5%) 40 (78.4%) 0.551

Diabetes mellitus 072 (48.3%) 25 (54.3%) 0.475 38 (39.2%) 22 (43.1%) 0.641

Hypercholesterolemia 040 (26.8%) 09 (19.6%) 0.320 18 (18.6%) 06 (11.8%) 0.287

Renal insufficiency 035 (23.5%) 17 (37.0%) 0.071 24 (24.7%) 13 (25.5%) 0.920

Previous MI 024 (16.1%) 07 (15.2%) 0.885 17 (17.5%) 5 (9.8%) 0.209

Previous stroke/TIA 019 (12.8%) 13 (28.3%) 0.013 16 (16.5%) 12 (23.5%) 0.299

Prior PCI/CABG 031 (20.8%) 06 (13.0%) 0.241 30 (30.9%) 10 (19.6%) 0.141

SBP (mmHg) 132 � 290 137 � 330 0.376 136 � 330 139 � 310 0.629

DBP (mmHg) 74 � 17 78 � 21 0.247 74 � 18 74 � 14 0.929

Peak creatine kinase (U/L) 629 � 742 397 � 340 0.043 669 � 905 547 � 536 0.303

GRACE score 148.8 � 52.10 168.4 � 39.20 0.008 186.2 � 38.70 200.8 � 44.60 0.040

Killip > 1 049 (32.9%) 23 (50.0%) 0.036 48 (49.5%) 35 (68.6%) 0.026

Values are mean � SD or number (%).

CABG, coronary artery bypass grafting; DBP, diastolic blood pressure; MI, myocardial infarction; PCI, percutaneous coronary

intervention; SBP, systolic blood pressure; TIA, transient ischemic attack.

Figure 1. Extent of coronary artery disease was greater in elderly

than in younger patients.



diabetes, hypercholesterolemia, current smoker), in-hos-

pital revascularization, GRACE risk score, and medications

(angiotensin-converting enzyme inhibitors, �-blockers,

statins), the long-term clinical outcomes also were statis-

tically different between elderly and younger patients.

Impact of in-hospital revascularization on outcomes

In order to evaluate the association of in-hospital

revascularization with clinical outcomes, and to assess

the interaction between age group and invasive stra-

tegy, multiple logistic regression analysis was per-

formed. In elderly patients, in-hospital revascularization

was not significantly associated with all-cause death and

the composite endpoint during index admission. How-

ever, at 1 year, compared with the conservative strategy,

the odds ratio (OR) for death with an invasive strategy

was 0.43 [95% confidence interval (CI), 0.19-0.98], and

the OR for composite endpoint was 0.42 (95% CI, 0.19-

0.91), as shown in Table 4. Elderly patients undergoing

in-hospital revascularization were associated with a sub-

stantial 73% and 59% significant decrease in the odds of

death and composite endpoint at 3 years, which re-

sulted in OR (95% CI) of 0.27 (0.12 to 0.58) and 0.41

(0.20 to 0.85), respectively. In younger patients, in-

hospital revascularization was associated with signifi-

cantly lower odds of death and composite endpoint

throughout the 3 year follow-up period. Multiple logistic

regression analysis confirmed the benefit of in-hospital

revascularization in elderly and younger patients, with

statistically significant reductions not only in all-cause

mortality alone but also in the incidence of MACE at 1

year and 3 years. This benefit remained evident after

testing for the interaction between age group and inva-

sive strategy (Table 4).
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Table 3. In-hospital and long-term clinical outcomes of NSTEMI patients

< 75 years (n = 195) � 75 years (n = 148) p value Adjusted* OR (95% CI)

All-cause mortality

In-hospital 12 (6.2%)0 15 (10.1%) 0.175 1.75 (0.74-4.14)

One-year 34 (17.4%) 41 (27.7%) 0.023 1.74 (0.98-3.11)

Three-year 51 (26.2%) 71 (48.0%) < 0.001 < 2.45 (1.46-4.11)

MACE (death/MI/stroke)

In-hospital 17 (8.7%) 18 (12.2%) 0.297 1.34 (0.63-2.84)

One-year 45 (23.1%) 54 (36.5%) 0.007 1.77 (1.05-3.00)

Three-year 66 (33.8%) 80 (54.1%) < 0.001 < 2.04 (1.24-3.35)

Values are number (%).

* Adjusted for age, sex, medical history (hypertension, diabetes mellitus, hypercholesterolemia, current smoker), in-hospital

revascularization, GRACE risk score; medications (angiotensin-converting enzyme inhibitors, �-blockers, statins).

Table 4. Age-specific results from multiple logistic regression* to evaluate the effect of invasive strategy on in-hospital and long-

term outcomes

< 75 years = 75 years Interaction
†

OR 95% CI p value OR 95% CI p value p value

All-cause mortality

In-hospital 0.204 0.041-0.991 0.048 1.096 0.351-3.416 0.875 0.077

One-year 0.168 0.061-0.463 0.001 0.429 0.188-0.977 0.044 0.201

Three-year 0.323 0.150-0.695 0.004 0.267 0.123-0.578 0.001 0.810

MACE (death/MI/stroke)

In-hospital 0.212 0.056-0.800 0.022 1.049 0.361-3.046 0.930 0.072

One-year 0.236 0.103-0.543 0.001 0.416 0.191-0.907 0.028 0.273

Three-year 0.327 0.158-0.676 0.003 0.407 0.195-0.851 0.017 0.578

* Adjusted for age, sex, medical history (hypertension, diabetes mellitus, hypercholesterolemia, and current smoker), GRACE risk

score, and medications (angiotensin-converting enzyme inhibitors, �-blockers, statins).
†

Testing the interaction between age group and invasive treatment.



In order to investigate the independent predictors

of MACE in elderly and younger patients, multivariable

Cox regression analysis was performed. As shown in

Table 5, in-hospital revascularization was an independent

predictor of future MACE not only in the elderly [hazard

ratio (HR), 0.61; 95% CI, 0.38-0.97], but also in the youn-

ger patients (HR, 0.51; 95% CI, 0.31-0.84).

Prognostic significance of in-hospital revascularization

In order to determine the relationship between

survival free of adverse events and in-hospital revas-

cularization, Kaplan-Meier survival analysis was per-

formed. Elderly patients who received invasive strategy

had significantly higher all-cause death-free and MACE-

free survival rates (p = 0.001). In addition, significantly

higher all-cause death-free and MACE-free survival rates

were also found in younger patients who received re-

vascularization (p < 0.001), as illustrated in Figure 2.

DISCUSSION

The major findings of the present study indicated

that in a cohort of Chinese patients with NSTEMI, in-

hospital revascularization was associated with signifi-

cantly lower odds of death and MACE at 1 year and 3

years, respectively. This benefit remained evident after

testing for the interaction between age group and inva-

sive strategy. These findings suggest that advanced age

should not be regarded as a contraindication to invasive
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Figure 2. The all-cause death-free survival rate in (A) younger and (B) elderly patients in relation to treatment strategy; the MACE-free survival

rate in (C) younger and (D) elderly patients in relation to treatment strategy.

Table 5. Multivariate Cox regression analysis* to investigate the independent predictors of MACE

< 75 years � 75 years

HR (95% CI) p HR (95% CI) p

GRACE score 1.012 (1.006-1.018) < 0.001 1.007 (1.002-1.013) 0.013

In-hospital revascularization 0.513 (0.314-0.839) 0.008 0.610 (0.384-0.967) 0.036

Diabetes mellitus 1.893 (1.138-3.149) 0.014 NS

* Adjusted for age; sex; medical history (hypertension, diabetes mellitus, hypercholesterolemia, and current smoker); in-hospital

revascularization; GRACE risk score; medications (angiotensin-converting enzyme inhibitors, �-blockers, statins).

A B

C D



management in elderly Chinese patients with NSTEMI.

Previous studies have demonstrated that advanced

age is an independent risk factor for early mortality and

(re)infarction in patients presenting with NSTE-ACS.
6

The

rates of in-hospital death and 1-year mortality increased

with increasing age.
14

The progressive death rate with

advancing age is higher in community populations than

in clinical trials. Comorbidity is more prevalent among

registry patients than like-aged trial patients.
15

Coexist-

ing conditions such as cerebral disease, renal failure,

and chronic obstructive pulmonary disease may lead to

higher mortality rates over time. Nonetheless, the inci-

dence of death at 1 year after NSTE-ACS for patients

over the age of 75 years is 1 in 5, and for those over the

age of 85 years, it is more than 1 in 4.
16

Compared to

previous studies, our results showed a higher mortality

rate of 27.7% at 1 year for elderly Chinese patients. The

higher risk profile of our population (our patients tended

to have a higher prevalence of diabetes and hyper-

tension, and be more likely to present with positive

troponin I on admission) may be a reason for the higher

death rate observed.

In the FRISC II (Fragmin and Fast Revascularization

during Instability in Coronary Artery Disease)
17

and

RITA-3 (Randomized Trial of a Conservative Treatment

Strategy Versus an Interventional Treatment Strategy in

Patients with Unstable Angina)
18

trials, there was a clear

benefit with a routine invasive strategy in men but not

in women. However, a recent meta-analysis of eight ACS

trials
19

(3,075 women and 7,075 men) suggested that

both men and high-risk women, defined by elevated

biomarkers of necrosis, have a favorable outcome (re-

ducing the odds of death, MI, or rehospitalization with

ACS) from an invasive strategy in NSTE-ACS. Our pre-

vious study
20

also showed that in-hospital revasculari-

zation has a benefit in men and high-risk women for re-

ducing the all-cause death at 1 and 3 years. Although

there was a high proportion of males (70%) in both age

groups in the present study, in-hospital revascularization

was still associated with a significant mortality benefit in

elderly Chinese patients with NSTEMI, even after sex

was taken into account in the multivariable analysis.

Previously, a subgroup analysis of the TACTICS-TIMI

(Treat Angina with Aggrastat and Determine Cost of

Therapy with an Invasive or Conservative Strategy �

Thrombolysis in Myocardial Infarction) 18 trial,
11

where

patients hospitalized with unstable angina and NSTEMI

were randomly assigned to an early interventional or

conservative ischemia-guided procedure, showed that

the invasive strategy conferred a significant reduction of

nonfatal MI and MACE at 6 months (10.8% vs. 21.6%)

among elderly patients. Liistro et al.
8

also reported an

early invasive strategy is feasible and leads to coronary

revascularization in the majority of unselected elderly

patients presenting with NSTE-ACS, resulting in encour-

aging immediate and 1-year clinical results. Recently,

from the German acute coronary syndromes (ACOS)

registry, Bauer et al.
21

reported an invasive strategy is

associated with an improved in-hospital (OR 0.55, 95%

CI 0.35-0.86) and 1-year outcome (OR 0.56, 95% CI

0.38-0.81) in elderly patients with NSTEMI. In addition,

a large, contemporary, real-life study
22

highlights a sig-

nificant mortality benefit � after adjustment for vari-

ables, which importantly included in-hospital events �

was associated with an invasive approach at 6 months in

elderly patients with high-risk NSTE-ACS. In our study,

19.6% of elderly patients with coronary angiography

underwent coronary artery bypass grafting (CABG) dur-

ing index hospitalization. Among patients with invasive

strategy, due to the peri-operative risk and selection

bias, the incidence of hospital death and MACE was

highest in the CABG-patients. This may be a reason why

invasive strategy was not beneficial for in-hospital out-

come in our study, compared to previous study done by

Bauer et al (9.8%). However, our data are consistent

with the published literature and demonstrate that in

elderly Chinese patients presenting with NSTEMI, in-

hospital revascularization was associated with a sub-

stantial 58% and 59% significant decrease in the odds of

composite endpoint at 1 year and 3 years, which re-

sulted in OR (95% CI) of 0.42 (0.19 to 0.91) and 0.41

(0.20 to 0.85), respectively.

Study limitations

There are some limitations that should be con-

sidered in this study. First, the study population was

relatively small, and the numbers are not powered

enough to draw final conclusions. Further studies in a

larger number of Asian ethnic patients are required to

confirm our findings. Second, many confounding vari-

ables, such as age, sex, medical history (hypertension,

diabetes, hypercholesterolemia, current smoker), GRACE
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risk score, and medications (angiotensin-converting en-

zyme inhibitors, �-blockers, statins), were demonstrated

to influence the occurrence of cardiovascular events.

However, after these variables were adjusted, in-hospi-

tal revascularization was still associated with a signifi-

cant mortality benefit in elderly Chinese patients with

NSTEMI. Third, as a non-randomized observational

study, there are some inherent limitations and potential

biases including unknown or unmeasured confounders,

so a cause-and-effect relationship should not be in-

ferred. This relates in particular to our inability to report

why angiography was less undertaken in high-risk pa-

tients, which must be kept in mind when interpreting

the study results. Our findings should be regarded as

hypothesis-generating, requiring confirmation in fur-

ther studies.

CONCLUSIONS

In Chinese patients with NSTEMI, the long-term

mortality and MACE were higher in elderly than in youn-

ger patients. In-hospital revascularization has a benefit

for reducing the all-cause death and MACE at 1 year and

3 years in both groups. These results are consistent with

the published literature and suggest that advanced age

alone should not be regarded as a contraindication to in-

vasive management following presentation with NSTEMI.
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