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The GFR was calculated according to the abbreviated Modification of Diet in Renal
Disease (MDRD) study formula [12,13] based on the serum creatinine level measured
on admittance during the index hospitalization. We calibrated the baseline measure-
ment of serum creatinine using the enzymatic method against that of the MDRD core
laboratory. Moreover, we used an original race coefficient as one component of the
MDRD equation that improves its accuracy of GFR estimation in the Japanese popula-
tion [14].

The distribution of the estimated GFR was divided into four categories (<45.0, 45.0
to 59.9, 60.0 to 74.9, and >75.0 mL/min per 1.73 m?), incorporating the guidelines of
the National Kidney Foundation [2]. The primary study outcome was death from any
cause (acute myocardial infarction, heart failure, sudden death, cerebrovascular dis-
ease, other cardiovascular cause, or non-cardiovascular causes). Secondary outcome
was a composite of cardiovascular events (death from cardiovascular causes, nonfatal
AM], hospitalization for heart failure and sudden death). Each end point was specified
in the original cohort study protocol. If a patient had >2 events, the results of the first
were used in the combined end-point analysis. The incidence of end-point events was
determined annually based on hospital records, contact with patients, or certificates is-
sued by administrative authorities. These records were provided to the end-point clas-
sification committee (composed of 2 cardiologists), which then determined and
categorized each event for use in analysis.

Analyses were performed using the SAS system ver. 9.1 software (SAS Institute
Inc., Cary, NC, USA). Data are presented as means 4+ SD, medians with interquartile
ranges or frequencies. Groups were compared with respect to normally distributed
continuous variables using the one-way analysis of variance, and the Kruskal-Wallis
test was applied for other variables. The »? test was used to compare nominally scaled
variables. The cumulative probabilities of event curves were estimated using the
Kaplan-Meier method. We determined the influence of estimated GFR with respect
to outcomes using univariate and multivariate Cox proportional hazards models. To
evaluate the linearity of influence, we also analyzed trends. The proportional hazards
assumption was confirmed by the log (— log survival function). The influence of profile,
interaction and co-linearity in the multivariate model were examined using regression
diagnostic analysis. Two-tailed P-values of <0.05 were considered to indicate a statisti-
cally significant difference. All analyses were performed at an independent biostatistics
and data center (STATZ Institute, Inc., Tokyo, Japan).

3. Results

We identified a total of 4550 patients with a mean (+SD) age of
66.9 4 12.1 years (26.7% women), who had known serum creatinine
values, had not previously received dialysis, and had been discharged
alive. The estimated baseline GFR for the patients was widely and
normally distributed (Fig. 1). The mean (4-SD) estimated GFR was
63.6+19.0 mL/min per 1.73 m? (range, 3.9 to 120.4) (Table 1). The
estimated GFR values were >75.0, 60.0 to 74.9, 45.0 to 59.9 and
<450 mL/min per 1.73m? in 1226 (26.9%), 1383 (30.4%), 1274
(28.0%) and 667 (14.7%) patients, respectively. A total of 1941
(42.7%) patients met the estimated GFR criteria for chronic kidney
disease. The absolute difference in the median serum creatinine
level between the contiguous groups was 0.2 to 0.4 mg/dL.

Percutaneous coronary intervention was performed in 75% of the
patients and the mean left ventricular ejection fraction was 53%.
Coexisting illness, patient status and treatment strategies during hos-
pitalization varied with estimated baseline GFR (Table 1). Patients
with a lower estimated GFR were older and more likely to be
women. Patients in the lowest category of estimated GFR had the
highest rates of hypertension, diabetes, prior myocardial infarction
and coronary-artery bypass grafting, as well as atrial fibrillation.
Serum lipid levels (total cholesterol, low-density lipoprotein choles-
terol, and triglyceride) were lower in the categories of estimated
GFR suggestive of chronic kidney disease. Serum C-reactive protein
and uric acid levels increased with a decreased estimated GFR. A
lower estimated GFR was associated with lower left ventricular ejec-
tion fraction. The proportions of patients who had undergone percu-
taneous coronary intervention and coronary-artery bypass grafting
were lower and higher, respectively, in the categories of chronic kid-
ney disease. Among cardiovascular medications received at baseline,
angiotensin-converting-enzyme inhibitors, statins and aspirin were
administered least frequently, whereas calcium-channel blockers
and nitrates were administered most frequently to patients in the
lowest category of estimated GFR.

The median follow-up among the 4550 patients was 4.1 years
(interquartile range, 3.3 to 4.8) and the follow-up rate was 95.2%. A
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Fig. 1. Distribution of estimated GFR at baseline among the 4550 patients. GFR, glomer-
ular filtration rate.

decreased estimated GFR<60.0 mL/min per 1.73 m? was associated
with increasing mortality (Fig. 2). Unadjusted Kaplan-Meier esti-
mates of total and cardiovascular death rates during the entire
follow-up were 8.7 and 3.4%, 8.9 and 3.9%, 13.8 and 7.0% and 29.5
and 17.4% in group with an estimated GFR of >75.0, 60.0 to 74.9,
45,0 to 59.9 and <45.0 mL/min per 1.73 m? (Fig. 3). Cardiovascular
death accounted for more than half of the total deaths in the groups
with an estimated GFR of 45.0 to 59.9 and of <45.0 mL/min per
1.73 m?. The other cardiovascular end points were also more frequent
among patients with, than without chronic kidney disease at baseline.
Consequently, the risk of death from any cause and cardiovascular
events increased with increasing severity of kidney disease. Unad-
justed hazard ratios for total and cardiovascular death in the group
with an estimated GFR of 45.0 to 59.9 mL/min per 1.73 m? using the
group with an estimated GFR of >75.0 mL/min per 1.73 m? as the ref-
erence were 1.63 (95% CI, 1.28 to 2.07) and 2.09 (95% CI, 1.45 to 3.01),
respectively, and those in the group with an estimated GFR of
<45.0 mL/min per 1.73 m? were 3.95 (95% CI, 3.12 to 5.00) and 5.87
(95% CI, 4.13 to 8.36), respectively. Age and gender-adjusted analysis
showed that the risk of cardiovascular death based on the estimated
GFR followed a similar pattern, and that of non-cardiovascular death
was not associated with estimated GFR (Fig. 4). The results of the
trend test for risk supported the difference between the risks of car-
diovascular and non-cardiovascular death with declining estimated
GFR (p<0.001 and 0.230, respectively).

4. Discussion

Our findings suggested that about half of the patients who sur-
vived from AMI had an estimated GFR suggestive of CKD, and that
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Table 1
Baseline patient characteristics according to the estimated GFR.
Variables Total GFR, <45.0 GFR, 45.0-59.9 GFR, 60.0-74.9 GFR, >275.0 P-value
(N=4550) (mL/min per 1.73 m?) (N=1274) (N=1383) (N=1226)
(N=667)

Women 1215 (26.7) 286 (42.9) 391 (30.7) 268 (19.4) 270 (22.0) <0.001

Age 66.9+12.1 74.6+103 69.3+10.8 649+11.6 62.7+123 <0.001

Body mass index, kg/m? 235+34 229+34 234+34 238+33 23.64+3.5 <0.001

Risk factors
Hypertension 2596 (57.1) 8 (67.2) 763 (59.9) 733 (53.0) 652 (53.2) <0.001
Hypercholesterolemia® 1890 (41.5) 246 (36.9) 517 (40.6) 594 (43.0) 533 (43.5) 0.024
Diabetes mellitus 1578 (34.7) 264 (39.6) 425 (33.4) 418 (30.2) 471 (38.4) <0.001
Smoking 2533 (55.7) 294 (44.1) 624 (49.0) 839 (60.7) 776 (63.3) <0.001
Prior MI 635 (14.0) 137 (20.5) 198 (15.5) 168 (12.1) 132 (10.8) <0.001
Atrial fibrillation 42 (0.9) 0(1.5) 19(1.5) 10 (0.7) 3(0.2) 0.003
Prior PCI 388 (8.5) 62 (9.3) 122 (9.6) 114 (8.2) 90 (7.3) 0.199
Prior CABG 91 (2.0) 26 (3.9) 24 (1.9) 24 (1.7) 17 (1.4) 0.002

In-hospital revascularization
PCI 3423 (75.2) 420 (63.0) 991 (77.8) 1113 (80.5) 899 (73.3) <0.001
CABG 160 (3.5) 36 (5.4) 49 (3.8) 43 (3.1) 32 (2.6) 0.012

Ejection fraction,% 52.6412.7 49.74+14.0 51.84+13.0 53.0+122 54.6+11.8 <0.001

Examinations
HbAlc, % 6.1+15 62+14 6.0+1.5 59+14 63+1.7 <0.001
Total-cholesterol, mg/dL 195.7+41.3 189.04+423 194.5+40.7 197.8 +40.6 1983 +41.8 <0.001
Triglyceride, mg/dL 105.0 [71.0-152.0] 101.0 [66.0-141.0] 104.0 [71.0-150.0] 107.0 [74.0-155.0] 105.0 [68.0-156.0] 0.02
HDL-cholesterol, mg/dL 46.6+13.5 45.64+13.5 46.5+13.1 46.5+13.5 475+14.0 0.075
LDL-cholesterol, mg/dL 125.1+36.2 120.34+36.1 12354360 127.54+-358 126.8 +£36.6 <0.001
C-reactive protein, mg/dL 0.30 [0.10-0.90] 0.60 [0.20-2.82] 0.30 [0.10-0.90] 0.30 [0.10-0.70] 0.26 [0.10-0.70] <0.001
Serum creatinine, mg/dL 0.80 [0.70-1.00] 1.40 [1.20-1.70] 1.00 [0.81-1.10] 0.80 [0.80-0.90] 0.60 [0.50-0.70] <0.001
GFR, mL/min per 1.73 m? 63.6+19.0 341492 531442 67.1+4.1 86.7+10.8 <0.001
Uric acid, mg/dL 58+53 71492 6.0+6.8 56+2.4 51+19 <0.001

Medications at discharge
ACEIs 2265 (49.8) 256 (38.4) 665 (52.2) 730 (52.8) 614 (50.1) <0.001
ARBs 711 (15.6) 104 (15.6) 191 (15.0) 220 (15.9) 196 (16.0) 0.328
CCBs 1188 (26.1) 252 (37.8) 378 (29.7) 300 (21.7) 258 (21.0) <0.001
Beta-blockers 1618 (35.6) 260 (39.0) 500 (39.2) 495 (35.8) 363 (29.6) 0.006
Nitrates 2354 (51.7) 405 (60.7) 720 (56.5) 706 (51 0) 523 (42.7) <0.001
Statins 1154 (25.4) 137 (20.5) 327 (25.7) 367 (26.5) 323 (26.3) <0.001
Warfarin 368 (8.1) 62 (9.3) 118 (9.3) 119 (8.6) 69 (5.6) 0.017
Aspirin 4021 (88.4) 560 (84.0) 1151 (90.3) 1276 (92.3) 1034 (84.3) <0.001

Values are shown as means + SD, numbers of patients (percentages), or medians (interquartile ranges).
ACEl = angiotensin-converting enzyme inhibitor; ARB = angiotensin II-receptor blocker; CABG = coronary-artery bypass grafting; CCB = calcium-channel blocker; GFR = glomeru-

lar filtration rate; Hb = hemoglobin; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MI= myocardial infarction; PCl=

@ Total cholesterol level >220 mg/dL.

kidney disease characterized by several coexisting cumulative cardio-
vascular risks and co-morbid conditions continued to be closely asso-
ciated with cardiovascular death even in the early stage over the long
term.

The risk stratification according to four categories of estimated
GFR determined in the present study does not necessarily correspond
to the standard classification proposed by the National Kidney Foun-
dation [2]. This results in emphasizing that many strategies for car-
diovascular risks are required at an early stage of CKD to improve
global outcomes of myocardial infarction and kidney disease.

The present study demonstrated that cardiovascular death accounted
for more than half of all deaths in patients with any graded severity
of CKD. Furthermore, the frequency of any type of non-fatal or fatal
cardiovascular events increased in the patients with CKD. These re-
sults are consistent with those of a larger cohort study [3] including
participants recruited in the Valsartan in Acute Myocardial Infarc-
tion Trial (VALIANT) [15]. However, the absolute incidence of ad-
verse events in patients with myocardial infarction appeared lower
in the present study than in VALIANT, and the prevalence of CKD in
the present study was higher. These differences might be explained
by the fact that the inclusion and exclusion criteria of participants
in VALIANT were very strict, since it was a randomized, controlled
trial to evaluate the efficacy and safety of blockades of the renin-
angiotensin system. VALIANT included patients with AMI complicat-
ed by heart failure, left ventricular systolic dysfunction, or both, and

percutaneous coronary intervention.

excluded those with a baseline serum creatinine level of >2.5 mg/dL. In
contrast, our cohort had a wider spectrum of kidney function. Ventricular
function was relatively preserved among the enrolled patients who most-
ly underwent percutaneous coronary intervention during the index hos-
pitalization. Our findings, in routine clinical practice, would compensate
for the inability to generalize results from participants in clinical trials, fol-
lowing the internal consistency of the relationship between CKD and out-
comes of cardiovascular disease including myocardial infarction.
Furthermore, the long follow-up in the present study would enhance
the certainty of the predominant effects of CKD on cardiovascular compli-
cations subsequent to AML

The benefits of aspirin, beta-blockers, statins, and blockades of the
renin-angiotensin system in patients with myocardial infarction have
been established [16,17]. Angiotensin-converting-enzyme inhibitors
and angiotensin II-receptor blockers also reduce the progression of
kidney disease [18,19]. Consequently, recent guidelines have con-
cluded that pharmacological intervention with these drugs must be
applied to patients with CKD at high risk for subsequent cardiovascu-
lar events [20-22]. However, the present study revealed a therapeutic
gap between the guidelines and actual practice. Furthermore, caution
regarding the administration of such drugs might be clinically advis-
able and appropriate to some extent for patients with advanced kid-
ney dysfunction, due to vulnerability to some medications.

Percutaneous coronary intervention is an effective strategy for early
coronary revascularization in acute coronary syndrome [16,17]. Although
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Fig. 2. Kaplan-Meier estimates of time to death from any cause (A) and to cardiovascular death (B) according to the estimated GFR at baseline. GFR, glomerular filtration rate.

we also found that the incidence of percutaneous coronary intervention
for coronary revascularization was lowest in the group with the lowest
estimated GFR, the patients in the present study apparently underwent
this procedure more frequently than those in previous studies [3,4].
Even with these possible multiple interactions of kidney dysfunction
with various confounders, reduced estimated GFR as a marker of kidney
dysfunction has been considered a statistically independent predictor of
long-term adverse outcomes [3,23].

5. Study limitations

The present study has several limitations. First, the MDRD equation
estimating the GFR itself has limitations. We adopted the abbreviated
MDRD equation from among several reliable choices to estimate GFR
in the present study. Ethnicity might influence GFR estimation by
serum creatinine-based equations, and the GFR could be underesti-
mated in the population with GFR>60.0 mL/min per 1.73 m? using cal-
culations based on the abbreviated MDRD equation [24,25]. Although
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we used the equation modified by the jJapanese coefficient, which is
more predictive for the Japanese population, the equation was still not
optimal for estimating GFR levels of >60.0 mL/min per 1.73 m?
among Japanese [14]. Second, we cannot comment on the effects of
the duration of kidney dysfunction and temporal changes in kidney
function on the risk of adverse outcomes. Third, we did not evaluate
the influence of nephropathy induced by contrast medium before and
after acute myocardial infarction on risk. Fourth, we did not have infor-
mation about urinary albumin or protein excretion, anemia, and other
unmeasured factors that might drive the documented effect of the esti-
mated baseline GFR on adverse outcomes. Fifth, we did not use a re-
quirement for dialysis as a study endpoint, which possibly influenced
morbidity and mortality. The final limitation is that the present study
had no manifestations of an independent effect of kidney dysfunction
on adverse outcomes subsequent to acute myocardial infarction. We
described herein, the comprehensive characteristics of chronic kidney
disease in the setting of acute myocardial infarction. The independent
effects of chronic kidney disease on clinical outcomes will be addressed



2494 M. Nagashima et al. / International Journal of Cardiology 167 (2013) 2490-2495
GFR No. of No. of Crude Hazard Ratio (95%Cl) P-value
Patient Event (%) Favorable Unfavorable for trend test
Primary Endpoint

Total Death <45.0 667 197 (29.5) 3.95 (3.12 —5.00) P<.001 ey <.001
450 —59.9 1274 176 (13.8) 1.63 (1.28 — 2.07) P<,001 i
60.0 — 749 1383 123(8.9) 1.01 (0.78 — 1.30) P=968 e
275.0 1226 107 (8.7) 1.00

Secondary Endpoint

Cardiovascular Death <45.0 667 116(17.4)  5.87 (4.13 —8.36) P<.001 e <001
45,0 -59.9 1274 89(7.0) 2.09 (1.45-3.01) P<.001 -
60.0 — 74.9 1383 54(3.9) 112 (0.75 — 1.68) P=.568 I
>75.0 1226 42 (34) 1.00

Non-cardiovascular Death <45.0 667 81(12.1) 2.70 (1.94 —3.74) P<.001 —— <.001
45.0 — 59.9 1274 87(6.8) 1.33 (0.96 — 1.83) P=.085 e
60.0 — 74.9 1383 69(5.0) 0.93 (0.66 — 1.30) P=669 H
750 1226 65 (5.3) 1.00

Death from CHD or Non-fatal MI <45.0 667 126(189)  3.42 (2.58 —4.53) P<.001 —— <.001
45.0 —59.9 1274 112 (8.8) 1.41 (1.05 - 1.88) P=021 e
60.0 — 749 1383 98(7.1) 1.10 (0.82 —1.48) P=531 sl
>75.0 1226 78(6.4) 1.00

Fatal MI or Non-fatal MI <450 667 51(7.6) 1.92 (1.32 —2.81) P<.001 - <.001
45.0 —59.9 1274 62 (4.9) 1.08 (0.75 — 1.55) P=.667 Sl
60.0 —74.9 1383 73(5.3) 1.14 (0.81 —1.62) P=.455 -
>75.0 1226 56 (4.6) 1.00

Hospitalization for heart failure <45.0 667 145 (21.7) 430 (3.25 — 5.69) P<.001 by <.001
45.0—-59.9 1274 109 (8.6) 1.46 (1.09 — 1.97) P=012 -t
60.0—749 1383 84(6.1) 1.00 (0.73 — 1.36) P=.987 aal
>75.0 1226 74 (6.0) 1.00

Sudden death <45.0 667 17(2.5) 445 (1.92 - 10.31) P<.001 b { <.001
45.0 - 59.9 1274 17(1.3) 2.08 (0.90 —4.83) P=.087 ————
60.0 — 74.9 1383 10(0.7) 1.09 (043 —2.76) P=.859 i
>75.0 1226 8(0.7) 1.00

00 1.0 20 30 40 50 60 7.0 80 9.0 10.011.0
Hazard Ratio

Fig. 3. Unadjusted hazard ratios for the primary and secondary endpoints. Unadjusted hazard ratios and P-values for trend test were obtained by Cox model. CHD = coronary heart
disease; Cl= confidence interval; GFR = glomerular filtration rate; Ml = myocardial infarction.

in a subsequent report that focuses on particular subgroups of myocar-
dial infarction. Despite these limitations, the current study provides im-
portant implications for the management of AMI concomitant with

chronic kidney disease. In this context, aggressive and integral strate-
gies for the prevention of kidney dysfunction are obviously essential
to further improve the outcomes of AML

Primary Endpoint
Total Death
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Fig. 4. Age and gender-adjusted hazard ratios for the primary and secondary endpoints. Adjusted hazard ratios and P-values for trend test were obtained by Cox model with ad-
justment for age and gender. CHD = coronary heart disease; CI= confidence interval; GFR = glomerular filtration rate; MI= myocardial infarction.
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6. Conclusions

Even early-stage chronic kidney disease should be considered a
powerful risk factor for long-term cardiovascular death after AMI with
preserved left ventricular function in the acute revascularization era.
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