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Prognostic significance of glomerular filtration rate
estimated by the Japanese equation among patients
who underwent complete coronary revascularization

Takatoshi Kasai!, Katsumi Miyauchil, Kan Kajimotoz, Naozumi Kubota!, Tomotaka Dohil, Ryo Tsuruta?,
Manabu Ogita!, Takayuki Yokoyama!, Atsushi Amano? and Hiroyuki Daida'

An equation that accurately estimates the glomerular filtration rate (GFR) in the Japanese population has been proposed;
however, the prognostic significance of estimated GFR (eGFR) defined according to this equation has not been reported.

In addition, the prognostic significance of eGFR during long-term follow-up after complete coronary revascularization remains
unclear. We assessed the prognostic significance of eGFR values, estimated by the new Japanese equation, in a cohort

of patients following complete coronary revascularization. We studied consecutive patients with complete revascularization
from 1984 to 1992. Patients on dialysis were excluded. A novel Japanese equation was used to estimate the GFR: eGFR=
194 x(serum creatinine)~1-094x (age)~0-287 (x0.739 if female). Multivariate Cox proportional hazards regression analyses were
performed to determine all-cause and cardiac mortality. We analyzed data of 1809 patients, of whom 571 (31.6%) had an
eGFR of >90mImin—! per 1.73m?2, 917 (50.7%) had an eGFR of 60-89 mImin—1! per 1.73 m2, 298 (16.5%) had an eGFR of
30-59 mImin—! per 1.73m? and 23 (1.3%) had an eGFR of <30 mlImin—! per 1.73 m2. During follow-up (11.4 + 2.9 years),
there were 397 (22.0%) all-cause and 123 (6.8%) cardiac deaths overall. Patients with an eGFR of 30-59 mI min—1 per
1.73m2, and <30 mlImin—! per 1.73 m? revealed significantly greater risk of all-cause mortality than those with eGFR of
>90mlImin—! per 1.73 m? (hazard ratio (HR) 1.91, P<0.001, HR 3.35, P<0.001, respectively). Furthermore, incidence of
cardiac death was higher in patients with an eGFR of 30-59 mImin—! per 1.73 m? than those with an eGFR of >90mlImin—!
per 1.73m?2 (HR 2.89, P<0.001). GFR as estimated using the new Japanese equation had a prognostic significance among

patients with complete coronary revascularization.
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INTRODUCTION

Individuals with end-stage renal disease, such as those on dialysis,
have a significantly high risk for cardiovascular mortality and
morbidity.! Patients with a less-severe impairment of kidney function
and who are not on dialysis also carry increased cardiovascular risk
when compared with those who have preserved kidney function,>?
suggesting that such mild-to-moderate impairments of kidney func-
tion have an impact on cardiovascular mortality and morbidity.
Therefore, attention has been focused on identifying a less-severe
cutoff value for a simple index that accurately reflects the overall
kidney function. In this regard, chronic kidney disease has been
defined as a glomerular filtration rate (GFR) <60mlmin~! per
1.73m? or the presence of kidney damage, regardless of the cause,
for a period of >3 months.* GFR can be estimated from four
variables: age, gender, ethnicity (Black or Caucasian) and serum
creatinine (sCr) levels. Commonly, the simplified Modification of

Diet in Renal Disease (MDRD) study equation (MDRD equation) is
used to estimate the GFR.*® However, this equation is less accurate
for Asians and has a greater bias for estimated GFR (eGFR) values
<60mlimin~! per 1.73m278 Accordingly, a modified MDRD
equation has been proposed for the Chinese and Japanese populations
using a separate correlation coefficient.”® More recently, a novel
equation has been reported, one that may more accurately estimate
GFR in Japanese populations than the previous modified MDRD
equation.”

It has been reported that eGFR values are associated with an
increased morbidity and mortality; however, these previous studies
were mainly performed on Western populations using the MDRD
equation. Therefore, it remains unclear whether GFR estimated by a
specific equation for Asians has prognostic significance. Furthermore,
the association between GFR estimated by the new Japanese equation
and long-term prognosis has not yet been reported.
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In addition, the prognostic significance of eGFR values has been
studied in several subgroups such as patients with coronary artery
disease (CAD), including patients who underwent percutaneous
coronary intervention (PCI),!'"!* coronary artery bypass grafting
(CABG)"17 or survivors of myocardial infarction.'® However, the
relationship between eGFR values and the long-term prognosis
following complete coronary revascularization has not been estab-
lished. The aim of this study was to assess the relationship between
eGFR by the new Japanese equation, as well as the long-term
prognosis in a cohort of patients with CAD following complete
revascularization.

METHODS

Subjects

Data from consecutive patients who had undergone coronary revascularization,
including PCI and CABG, at Juntendo University Hospital (Tokyo, Japan)
between January 1984 and December 1992 were analyzed. Patients were
enrolled who had achieved complete revascularization, that is, patients in
which no un-bypassed major vessels had a stenosis >50%.!%2° Patients with an
untreated neoplasm at baseline and those with associated complex cardiac
procedures, such as valve replacement or aneurysm repair at the time of
surgical revascularization, as well as non-Japanese patients, were excluded.
Patients on dialysis were also excluded to identify the mortality risk associated
with eGFR, independent of dialysis. This study was approved by the institute’s
internal review board, and was performed according to the principles expressed
in the Declaration of Helsinki and the ethics policy of the institute.

Table 1 Baseline characteristics
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Data collection

Demographic data, including age and gender, as well as body mass index,
coronary risk factors, medication use, revascularization procedure-related
factors and comorbidities, were collected using our institutional database.

Equations for eGFR
eGFR was obtained by using the following specific equation for Japanese:
GFR=194x (sCr) 19 (age =027 (x0.739 if female).!

In this study, patients were stratified as follows: eGFR >90 mImin~! per
1.73m% eGFR=60-89mlmin~! per 1.73m%* eGFR=30-59 mlmin~! per
1.73m% eGFR <30mlmin~! per 1.73 m?.2!

Definitions of other covariates

Hypertension was defined as a systolic blood pressure >140 mmHg, a diastolic
blood pressure >90 mm Hg, or treatment with antihypertensive medications.
Diabetes mellitus (DM) was defined as a fasting plasma glucose level >126 mg
per 100ml or treatment with oral hypoglycemic drugs or insulin injections.
A current smoker was defined as one who smoked at the time of
complete revascularization or who had quit smoking within 1 year before
complete revascularization. Patients with isolated PCI were those in whom
complete revascularization was achieved by PCI without the need for any
bypass grafting.

Outcomes
The follow-up period ended on 30 September 2000. Survival data were
collected by serial contact with the patients or their families, and assessed

eGFR (mImin~! per 1.73m?)

=90 N=571) 60-89 N=917) 30-59 (N=298) <30 N=23) P

Age (years) 56.8+9.0 59.4£8.3* 63.7 £8.5* 63.4+5.8* <0.001
Male, n (%) 406 (71.1) 828 (90.3)* 284 (95.3)* 19 (82.6)* <0.001
BMI (kgm~—2) 23.4+2.7 23.7+2.6* 23.5+25 23.1+2.3 0.091
Diabetes mellitus, n (%) 225 (39.4) 331 (36.1) 119 (39.9) 15 (65.2)* 0.023
Hypertension, n (%) 387 (67.8) 616 (67.2) 197 (66.1) 17 (73.9) 0.870
Total cholesterol (mg per 100ml) 219.1+49.3 223.3+50.1 222.1+44.9 218.0+47.3 0.439
HDL cholesterol (mg per 100 ml) 43.4+13.4 42.6+12.7 42.7+11.9 38.0£13.9 0.190
Triglyceride (mg per 100 ml) 161.1+£111.1 168.7+100.3* 167.7 +78.0* 196.1+73.2* 0.002
sCr (mg per 100 ml) 0.57+0.11 0.82+0.08* 1.14+0.16* 4.34+£8.42* <0.001
eGFR (mlmin—! per 1.73m?) 119.6+36.9 75.8+8.2* 52.1+6.8* 22.2+9.6* <0.001
Hemoglobin 13.5%£1.5 13.6%+1.4 13.4+1.6 10.9+2.2* <0.001
Current smoker, n (%) 392 (68.7) 707 (77.1)* 223 (74.8) 22 (95.7) <0.001
Family history of CAD, n (%) 188 (32.9) 289 (31.5) 78 (26.2)* 14 (60.9) 0.003
Previous MI, n (%) 259 (45.4) 448 (48.9) 153 (51.3) 12 (52.2) 0.344
Previous stroke, n (%) 18 (3.2) 39 (4.3) 16 (5.4) 3(13.0)* 0.070
Atrial fibrillation, n (%) 50 (8.8) 125 (13.6)* 44 (14.8)* 7 (30.4)* 0.001
No. of diseased vessels 2.1910.84 2.24+0.82 2.35+0.82* 2.701+0.64* 0.003
Multivessel disease, n (%) 416 (72.9) 692 (75.5) 232 (77.9) 21(91.3)* 0.109
LMT lesion, n (%) 48 (8.4) 68 (7.4) 29(9.7) 1(4.3) 0.541
Arterial bypass to LAD, n (%) 181 (31.7) 315 (34.4) 91 (30.5) 8 (34.8) 0.564
LVEF (%) 65.5+12.5 64.5£12.8 62.3+£13.5* 57.8+15.8* <0.001
Revascularization-isolated PCI, n (%) 395 (69.2) 655 (71.4) 216 (72.5) 16 (69.6) 0.723
Medications, n (%)

Aspirin 426 (74.6) 653 (71.2) 204 (68.5) 14 (60.9) 0.147

ACE inhibitors 27 (4.7) 33 (3.6) 18 (6.0) 5(21.7)* <0.001

B-Blockers 157 (27.5) 263 (28.7) 83 (27.9) 9(39.1) 0.658

Statins 97 (17.0) 169 (18.4) 55 (18.5) 5(21.7) 0.857

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; HDL, high density lipoprotein; LAD, left anterior
descending; LMT, left main trunk; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; sCr, serum creatinine.

*P<0.05 compared with eGFR >90mImin~! per 1.73 m2.
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from the medical records of patients who had died and those who continued to
be followed up at our hospital. Information about the circumstances and date
of death was obtained from the families of patients who died at home, and
details of the events or the cause of death was supplied by other hospitals or
clinics where the patients had been admitted. The mortality data were
categorized according to the causes of death, such as death from all-causes
or cardiac deaths using the International Classification of Diseases, Ninth
Revision, codes 410—414, 785.51 and 798.

Statistical analysis

Continuous variables are expressed as means + standard deviation, and they
were compared using one-way analysis of variance with Dunnett’s test.
Categorical data are tabulated as frequencies and ratios, and were compared
using y>-test.

Survival was analyzed using the Kaplan—-Meier estimate with the log-rank
test. The hazard ratio (HR) was calculated using the Cox proportional hazards
model. The assumption of proportional hazards was assessed using a log-
minus-log survival graph. Univariable analysis was based on the proportional
hazard model to determine the association between prognosis and the follow-
ing variables between the groups: age, gender, body mass index, current smoker,
hypertension, DM, total and HDL cholesterol, triglyceride, hemoglobin, atrial
fibrillation, previous myocardial infarction, previous stroke, left ventricular
ejection fraction, number of diseased vessels, presence or absence of a left main
trunk lesion, presence or absence of an arterial bypass graft to the left anterior
descending artery, whether complete revascularization was achieved by isolated
PCI, and stratified eGFR values. Variables regarded as significant (P<0.10) were
included in the multivariate analysis. The tests of trends in the HR by the eGFR
values were conducted by assigning an ordinal value to each stage in separate
models. All multivariable analyses verified the interactions between each variable.

A P-value of <0.05 was considered statistically significant, unless indicated
otherwise. All data were analyzed using SPSS version 11.0 for Windows
(SPSS Inc., Chicago, IL, USA).

RESULTS

Opverall, the data from 1809 eligible patients who underwent complete
coronary revascularization during the study period were assessed.
Baseline and clinical event data were fully documented during the
follow-up period (mean follow-up, 11.4+2.9 years). All patients
underwent PCI with simple balloon angioplasty; no patients received
stent implantation, as stents were not available at the time when
complete revascularization was achieved. All CABG procedures were
performed using a conventional cardiopulmonary bypass; arterial
grafts were used in 51.1% of cases. None of the patients who under-
went complete revascularization during the study period had type-1
DM. During the follow-up period, 397 patients (22.0%) died from any
cause and 123 patients (6.8%) died from cardiac causes. Out of 1890
patients, 571 (31.6%) patients had eGFR of >90mlmin~! per
1.73m?, 917 (50.7%) patients had eGFR of 60-89 mImin~—! per
1.73m?2, 298 (16.5%) had eGFR of 30-59 mlmin~—! per 1.73m?, 23
(1.3%) patients had eGFR of <30 mlmin~! per 1.73 m?. Mean eGFR
values in each group were 119.6%36.9, 75.8+8.2, 52.1+6.8, and
22.219.6, respectively. Baseline characteristics of these patients are
summarized in Table 1. Patients with a lower eGFR were more likely
to be older and male. They also have greater triglyceride level, greater
number of diseased vessels and more frequently have atrial fibrilla-
tion. As compared with patients with eGFR of =90 mlmin~! per
1.73 m?, patients with eGFR of <30 mlmin~! per 1.73 m? frequently
revealed DM, anemia, impaired left ventricular ejection fraction,
history of stroke and greater incidence of angiotensin-converting
enzyme inhibitor use.

The cumulative survival curves of patients stratified by eGFR values
are shown in Figure 1. Patients with a lower eGFR values had lower
survival from both all-cause and cardiac-related mortality. Univariable
Cox proportional hazard analysis revealed that, as compared with

Hypertension Research

a 100-

-]
o
L

eGFR
(ml/min/1.73m?)
>90
60-89
30-59
<30

Cumulative survival (%)
[+2]
o
X

B
o
L

20-

0 5 10 15 20
Numbers at risk Years after revascularization
eGFR (ml/min/1.73m?)

>90 571 538 312 70
60-89 917 869 561 63
30-59 298 257 132 15
<30 23 17 5 0
b 100 -
& 80
IS
>
5
H
o 60
2 eGFR
s (ml/min/1.73m?)
g >90
G 404 60-89
30-59
<30
20/
0 5 10 15 20

Years after revascularization
Numbers at risk
eGFR (ml/min/1.73m?)

>90 571 538 312 70
60-89 917 869 561 63
30-59 298 257 132 15
<30 23 17 5 0

Figure 1 Cumulative survival curves of patients stratified by estimated
glomerular filtration rate (eGFR) values. (a) All-cause death according to the
stratified eGFR values. Patients with eGFR of =90mImin~1 per 1.73m?2
revealed significantly greater cumulative survival than those with eGFR of
60-89 mImin—1 per 1.73m? (log-rank test, P=0.018), 30-59mImin~! per
1.73m? (log-rank test, P<0.001) and <30mImin—1 per 1.73m? (log-rank
test, P<0.001). (b) Cardiac death according to the stratified eGFR values.
Patients with eGFR of >90mImin—! per 1.73m? revealed a non-significant
tendency toward greater cumulative survival than those with eGFR of
60-89 mImin~1 per 1.73m?2 (log-rank test, P=0.052). They also revealed
significantly greater cumulative survival than those with eGFR of
30-59mimin~1 per 1.73m (log-rank test, P<0.001), and <30mImin~!
per 1.73m?2 (log-rank test, P=0.001).

patients with eGFR of >90 mlmin~! per 1.73 m?, the other three
groups of patients had significantly greater risk of all-cause and cardiac
mortality (Table 2). The other variables that were associated with all-
cause mortality according to the univariable analyses were: age (HR
1.07, 95% confidence interval (95% CI) 1.06-1.08, P<0.001), DM
(HR 1.35, 95% CI 1.11-1.65, P=0.003), total cholesterol (HR 1.00,
95% CI 0.99-1.01, P=0.060), hemoglobin (HR 0.86, 95% CI 0.81-
0.92, P<0.001), atrial fibrillation (HR 2.26, 95% CI 1.78-2.86,
P<0.001), previous myocardial infarction (HR 1.72, 1.41-2.11,
P<0.001), previous stroke (HR 2.96, 95% CI 2.09-4.20, P<0.001),
number of diseased vessels (HR 1.77, 95% CI 1.53-2.04, P<0.001),
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Table 2 Multivariable analysis according to the stratified eGFR

eGFR (mImin~1 per 1.73m?)

60-89 30-59 <30
>90
HR (reference) HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P P for trend

All cause death

Univariable 1.00 1.35(1.05-1.74) 0.020 2.87 (2.17-3.80) <0.001 5.95 (3.25-10.9) <0.001 <0.001

Multivariable 1.00 1.12 (0.87-1.45) 0.383 1.91 (1.43-2.57) <0.001 3.35(1.77-6.35) <0.001 <0.001
Cardiac death

Univariable 1.00 1.60 (0.99-2.58) 0.055 3.96 (2.37-6.62) <0.001 6.33(1.89-21.2) 0.003 <0.001

Multivariable 1.00 1.37 (0.84-2.24) 0.201 2.89 (1.70-4.94) <0.001 2.61 (0.70-9.81) 0.154 <0.001

Abbreviations: Cl, confidence interval; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HR, hazard ratio; LAD, left anterior descending; LMT, left main trunk; LVEF, left ventricular

ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention.

For all cause death, multivariable analysis included age, DM, total cholesterol, hemoglobin, atrial fibrillation, previous MI, previous stroke, number of diseased vessels, presence or absence of an
LMT lesion, presence or absence of an arterial bypass graft to the LAD, LVEF, whether complete revascularization was achieved using isolated PCI, and stratified eGFR as independent variables.

In multivariable analysis for cardiac death, age, DM, triglycerides, hemoglobin, atrial fibrillation, previous myocardial infarction, previous stroke, number of diseased vessels, presence or absence of
an LMT lesion, left ventricular ejection fraction, and whether complete revascularization was achieved using isolated PCl, stratified eGFR were included as independent variables.

Table 3 Other independent variables in the multivariable analysis

All cause death Cardiac death

HR  95% CI P HR 95% Cl P
Age 1.06 1.04-1.07 <0.001 1.04 1.02-1.07 0.002
DM 1.34 1.10-1.65 0.005 1.76 1.23-2.52 0.002
Total cholesterol 1.00 099-1.00 0.132 — — —
Triglyceride — — — 1.00 1.00-1.01 0.022
Hemoglobin 0.96 0.89-1.03 0.211 0.94 0.83-1.07 0.320
Atrial fibrillation 149 1.16-1.90 0.002 1.64 1.06-2.53 0.025
Previous M| 1.16 0.92-1.45 0.211 1.18 0.77-1.82 0.445
Previous stroke 2.20 1.563-3.15 <0.001 2.15 1312-4.11 0.021
Number of diseased 1.13 0.94-1.35 0.192 1.26 0.90-1.75 0.182
vessels
LMT lesion 1.15 0.83-1.59 0.401 1.46 0.84-2.55 0.183
Arterial bypass to LAD 0.73 0.57-0.93 0.011 — — —
LVEF 0.98 0.97-0.99 <0.001 0.97 0.95-0.98 <0.001
Revascularization, 0.42 0.29-0.62 <0.001 0.70 0.37-1.33 0.273
PCI alone

Abbreviations: Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio; LAD, left
anterior descending; LMT, left main trunk; LVEF, left ventricular ejection fraction; M,
myocardial infarction; PCI, percutaneous coronary intervention.

left main trunk lesion (HR 1.65, 95% CI 1.21-2.24, P=0.002), arterial
bypass to left anterior descending (HR 0.82, 95% CI 0.65-1.03,
P=0.080), left ventricular ejection fraction (HR 0.98, 95% CI 0.97-
0.98, P<0.001) and isolated PCI (HR 0.35, 95% CI 0.26-0.47,
P<0.001). The other variables that were associated with cardiac
mortality according to the univariable analyses were: age (HR 1.05,
95% CI 1.03-1.08, P<0.001), DM (HR 1.83, 95% CI 1.28-2.61,
P=0.001), triglycerides (HR 1.00, 95% CI 1.00-1.01, P=0.016),
hemoglobin (HR 0.90, 95% CI 0.80-1.02, P=0.087), atrial fibrillation
(HR 2.44, 95% CI 1.60-3.73, P<0.001), previous myocardial infarc-
tion (HR 2.12, 1.46-3.09, P<0.001), previous stroke (HR 3.18, 95%
CI 1.71-5.92, P<0.001), number of diseased vessels (HR 1.90, 95%
CI 1.46-2.49, P<0.001), left main trunk lesion (HR 1.88, 95%
CI 1.11-3.19, P=0.018), left ventricular ejection fraction (HR 0.96,
95% CI 0.95-0.97, P<0.001) and isolated PCI (HR 0.40, 95%
CI 0.23-0.67, P=0.001).

The results of multivariable analyses for all-cause and cardiac
mortality are also summarized in Table 2. Patients with eGFR

of 30-59 mImin~! per 1.73m? and <30mlmin~! per 1.73m? had
significantly greater risk for all-cause mortality, and patients with
eGFR of 30-59 ml min~! per 1.73 m? had significantly greater risk for
cardiac mortality as compared with those with eGFR of
>90mlmin~! per 1.73m? Patients with eGFR of <30mlmin!
per 1.73m? revealed a non-significant tendency toward greater risk
of cardiac mortality than those with eGFR of >90mlmin~! per
1.73 m?%. Among each stratified eGFR values group, as the eGFR values
decreased HR increased in a significant dose-dependent manner for
all-cause and cardiac mortality. The HRs of other variables in the multi-
variable analyses for all cause and cardiac death are shown in Table 3.

We also conducted a sub-group analysis separate from the age,
gender, and the presence of hypertension and DM for all cause and
cardiac death. As a result, patients with eGFR of <60 mlmin~! per
1.73m? showed significantly greater all-cause and cardiac mortality
risk than those with eGFR of >90mlmin! per 1.73 m? in all
subgroups (Table 4).

DISCUSSION

This study identifies novel findings that provide insights into the
relationship between eGFR and cardiovascular diseases. First, we
found that when we used new Japanese equation, eGFR values were
associated with an increased long-term mortality risk. Second, we
also found that there was a strong association between eGFR values
and increased long-term mortality in patients with CAD who had
achieved complete revascularization. Finally, patients with eGFR of
<60mlmin~! per 1.73m? had significantly greater risk of all-cause
and cardiac mortality than those with eGFR of >90ml min~! per
1.73m? regardless of age, gender or hypertensive or diabetic status.
Therefore, our findings suggest that baseline GFR values estimated by
the new Japanese equation at the time of revascularization were
predictive of the long-term all-cause and cardiac mortality among
Japanese patients with CAD. In addition, our findings also suggest that
eGFR values have a prognostic significance in patients with complete
revascularization.

A number of studies have reported the prognostic significance of
eGFR in patients with CAD;11-18 however, the majority of these
studies were in Western countries and GFR was estimated by the
MDRD equation or by creatinine clearance. Reports from Asian
countries are very limited, possibly because of the lack of an accurate
equation for eGFR in Asian populations. To the best of our knowledge,
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Table 4 Subgroup analyses

All cause death

Cardiac death

eGFR (mImin~1 per 1.73m?) N HR 95% Cl P HR 95% Cl P
Age> 60 857

>90 209 1.00 Reference 1.00 Reference

60-89 424 1.24 0.87-1.76 0.238 0.96 0.50-1.87 0.911

<60 224 2.31 1.61-3.32 <0.001 2.67 1.40-5.10 0.003
Age< 60 952

>90 362 1.00 Reference 1.00 Reference

60-89 493 1.24 0.86-1.79 0.259 2.31 1.15-4.60 0.018

<60 97 2.66 1.66-4.28 <0.001 4.00 1.65-9.66 0.002
P for interaction 0.277 0.267
Male 1537

>90 406 1.00 Reference 1.00 Reference

60-89 828 1.27 0.96-1.69 0.095 1.56 0.91-2.68 0.104

<60 303 2.87 2.12-3.88 <0.001 3.99 2.26-7.01 <0.001
Female 272

>90 165 1.00 Reference 1.00 Reference

60-89 89 1.85 0.99-3.41 0.050 1.98 0.64-6.16 0.237

<60 18 4.20 1.85-9.53 0.001 5.99 1.48-24.3 0.012
P for interaction 0.171 0.469
DM, yes 690

>90 225 1.00 Reference 1.00 Reference

60-89 331 1.29 0.87-1.92 0.211 1.17 0.569-2.32 0.657

<60 134 3.37 2.23-5.11 <0.001 4.12 2.09-8.11 <0.001
DM, no 1119

>90 346 1.00 Reference 1.00 Reference

60-89 586 1.40 1.01-1.94 0.043 2.15 1.09-4.24 0.027

<60 187 2.78 1.93-4.01 <0.001 3.91 1.82-8.39 <0.001
P for interaction 0.342 0.473
Hypertension, yes 1217

>90 387 1.00 Reference 1.00 Reference

60-89 616 1.26 0.94-1.70 0.119 1.59 0.90-2.82 0.112

<60 214 2.94 2.12-4.06 <0.001 4.88 2.69-8.87 <0.001
Hypertension, no 592

>90 184 1.00 Reference 1.00 Reference

60-89 301 1.61 0.98-2.63 0.059 1.60 0.67-3.82 0.287

<60 107 3.36 1.99-5.69 <0.001 2.75 1.05-7.24 0.040
P for interaction 0.835 0.208

Abbreviations: Cl, confidence interval; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HR, hazard ratio.

there are no studies in which the prognostic significance of eGFR
generated by the new Japanese equation has been evaluated. Previous
studies have found the MDRD equation to overestimate GFR in a
Japanese chronic kidney disease population as compared with GFR
measured by using inulin clearance.”!? Therefore, a modified MDRD
equation for the Japanese population using a separate correlation
coefficient has been proposed in a previous study.” However, in that
study, blood samples for sCr were assayed in multiple laboratories
and during different periods. Furthermore, data from subjects with
GFR >90mlmin~! per 1.73m? were not included in that study.
In contrast, this new Japanese equation was derived from a study that
used centralized blood assays and enrolled a larger population that
included subjects with GFR >90mlmin~—' per 1.73m? (Matsuo
et al.'%) than the study using the MDRD equation with the Japanese
coefficient.’ Indeed, the accuracy of the GFR estimation was further
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improved if the new Japanese equation was used rather than the
modified MDRD equation with the Japanese coefficient.!® In these
aspects, this study, which clearly showed the prognostic significance
of eGFR using an accurate Japanese specific equation, has an impor-
tant value.

Previous studies in which the prevalence of patients with eGFR
<60mlmin~! per 1.73m? (that is, chronic kidney disease stage >3,
according to the clinical guideline?') was investigated in patients
with CAD, showed that the prevalence of patients with eGFR
<60mlmin~! per 1.73m?> was 16-46% in Western coun-
tries.!b1215-18 The MDRD equation or creatinine clearance was used
in the majority of these studies. On the other hand, the prevalence of
patients with eGFR <60 mlmin~! per 1.73m? in Japanese patients
with CAD was reported as 35 and 39% (Inaguma et al.!> and
Furukawa et al.'*) using MDRD equation with Japanese coefficient



or creatinine clearance. In this study, the prevalence of patients with
eGFR <60mlmin~! per 1.73m? was ~18% using new Japanese
equation for eGFR. Considering that patients on dialysis were
excluded in this study, a relatively low prevalence of patients with
eGFR <60mlmin~! per 1.73m? may be expected in our patient
population.

This study is the first report describing the long-term (> 10 years)
prognostic significance of eGFR values in patients who underwent
complete coronary revascularization. There are several reports in
which patients with revascularization (PCI or CABG) were
assessed;''"!7 however, the follow-up periods in the majority of
these studies were <5 years and none of them described whether
complete revascularization was achieved. It is important to emphasize
the benefit of assessing data only in patients who had achieved
complete revascularization, because the importance of completeness
of revascularization during long-term follow-up period has been
reported.!>?° In addition, the initial CAD events may be prevented
or delayed by complete coronary revascularization, even in patients
with severe coronary atherosclerosis. These may minimize the bias of
the treatment procedure for the initial CAD events. Therefore, the risk
of eGFR for cardiovascular morbidity and mortality among a
secondary prevention cohort of patients with CAD could be
assessed in this study. Conversely, assessing data only in patients who
achieved complete revascularization also introduced potential selection
bias in terms of overall mortality rate and prevalence of patients with
eGFR « 60 mlmin~! per 1.73 m?, which should be taken into account.

To assess the possible interactions between traditional cardio-
vascular risk predictors such as age, gender, presence or absence
of DM or hypertension, subgroup analyses were also carried out.
As shown in Table 4, there were no significant interactions in all
subgroups and patients with eGFR <60 mImin~! per 1.73m? had a
significant greater risk of both all cause and cardiac mortality than
those with eGFR of >90mlmin~! per 1.73m? in each subgroup.
These results are consistent with previous studies, investigating the risk
of GFR values estimated by the MDRD equation or by creatinine
clearance among patients with cardiovascular disease.!%1>2?

This study has several limitations. First, balloon angioplasty was the
sole PCI used in all patients and 51.1% of the CABG procedures
involved an arterial graft. It is difficult to determine whether the use of
stents and arterial grafts could have improved the results in the recent
era of revascularization. It is also difficult to determine the relative
importance of improvements in both operator skills and in adjunctive
drug therapy. Therefore, further investigation is needed to clarify
whether estimating GFR by the new Japanese equation would affect
the long-term mortality in the stent and arterial bypass era. Further-
more, the use of some medications, such as angiotensin-converting
enzyme inhibitors and statins, which may affect the functional status
of the kidney, were different from those in the most recent period.
Therefore, the data for the prevalence of patients with eGFR
<60mlmin~! per 1.73m? in this study should be interpreted with
caution. Finally, eGFR by the new Japanese equation used in this study
was not compared with a nuclear renogram, the gold standard for
GFR evaluation. As such, the issue is not whether the new Japanese
equation is an accurate reflection of GFR but whether it offers
prognostic significance.

In conclusion, the eGFR values estimated by the new Japanese
equation were associated with an increase in all-cause and cardiac
mortality over a 10-year period after the achievement of complete
coronary revascularization. This study verifies the prognostic signifi-
cance of the eGFR by the new Japanese equation among a CAD
secondary prevention cohort.

Prognostic significance of estimated GFR
T Kasai et al
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