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Abstract

Background Diabetes mellitus (DM) and hypertension are well-known atherosclerosis risk factors. Furthermore,
renal dysfunction is a crucial risk factor for patients with coronary artery disease (CAD), and managing renal function
in these patients is complicated because of comorbid conditions and potential side effects during treatment. There-
fore, this study aimed to investigate the effect of medications for hypertension on renal function after percutaneous
coronary intervention (PCl) between patients with and without DM with statins.

Methods In 297 consecutive patients undergoing PCl for stable angina pectoris, cystatin C (CysC) was evaluated
at baseline and 9 months after PCl, and the percent change in CysC (%CysC) was calculated. The association of wors-
ening renal function (WRF: %CysC > 0) and baseline characteristics, including medications, was assessed.

Results Among 297 hypertensive patients with statins, 196 and 101 were with and without DM, respectively.
Angiotensin-converting enzyme inhibitor (ACEl), angiotensin Il receptor blocker, and 3-blocker were prescribed in 56
(29%), 82 (42%), and 91 (46%) patients in the DM group, and 20 (20%), 52 (51%), and 52 (51%) in the non-DM group,
respectively. The patients with WRF after PCl were 100 (51%) and 59 (58%) in the DM and non-DM groups (p=0.261).
Additionally, the %CysC had no significant differences between groups [median: 0%, interquartile range (IQR): -7.9%
to 8.5% vs. median: 1.1%, IQR: -6.6% to 9.6%, p=0.521]. Multivariate logistic analysis for WRF using relevant factors
from univariate analysis showed that only 3-blocker [odds ratio (OR): 2.76, 95% confidence interval (Cl): 1.03-7.90,
p=0.048] was independently associated with WRF in the DM group whereas ACEI (OR: 0.07, 95% Cl: 0.01-0.47,
p=0.012) was negatively correlated with WRF in the non-DM group.

Conclusion The [-blocker was the independent risk factor for WRF in patients with DM in the late phase after PCl
for stable angina pectoris, while the use of ACEl had a renoprotective effect in patients without DM.
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Background

Recently, percutaneous coronary intervention (PCI) has
become a pivotal treatment for patients with coronary
artery disease (CAD), and complete revascularization
via PCI has reportedly resulted in lower long-term mor-
tality [1] even in patients with diabetes mellitus (DM)
and multivessel coronary disease. However, acute kid-
ney injury (AKI) after PCI is associated with an increase
in mortality [2, 3], and Murata et al. also reported that
persistent worsening renal function (WRF) is associated
with a high incidence of all-cause mortality and major
adverse cardiac events in patients who underwent PCI
for acute coronary syndrome [4]. Moreover, chronic
kidney disease (CKD) is an independent risk factor for
cardiovascular events and all-cause mortality, predicting
cardiovascular events as effectively as other established
risk factors [5, 6].

We reported that angiotensin-converting enzyme
inhibitors (ACEI) might have a preventive effect on WRF
assessed by serum cystatin C (CysC) measurements in the
late phase after PCI [7], and ACE], angiotensin II recep-
tor blockers (ARB), and p-blockers have been shown to
lower cardiovascular mortality in the populations with
cardiovascular disease. Statin therapy is also commonly
used for the secondary prevention of cardiovascular
disease. A previous study reported that statin therapy
appears to reduce proteinuria and CKD progression rate
[8]. Additionally, a meta-analysis of patients undergoing
coronary angiography or PCI showed that short-term
statin therapy reduced contrast-induced nephropathy
(CIN) incidence and that the use of statins should be
considered even in patients with reduced low-density
lipoprotein cholesterol (LDL-C) levels [9]. However, pre-
vious studies reported that DM and hypertension were
known as strong risk factors for the incidence of CIN.

Therefore, this study aimed to investigate the differ-
ences in the effects of medications on renal function in
the late phase after PCI between hypertensive patients
with and without DM among those with statins. Fur-
thermore, we included additional patients following our
previous report [7] and investigated the change in renal
function before and 9 months after PCI by measuring
serum CysC and factors affecting renal function.

Methods

Study population

This retrospective single-center cohort study included
297 consecutive patients with hypertension who under-
went elective PCI for stable angina pectoris at Kagoshima
University Hospital from January 2010 to July 2016. All
patients received statin therapy regardless of dyslipidemia
before the PCI procedure and underwent follow-up cor-
onary angiography 9 months after PCI, excluding those
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who could not be tracked after discharge. Patients with
cardiogenic shock or those treated with intra-aortic bal-
loon pumping during PCI were excluded from this study
since they are risk factors for AKI. Furthermore, patients
undergoing hemodialysis were also excluded. This study
was approved by the Research and Ethics Committee at
Kagoshima University Hospital and was conducted in
accordance with the ethical principles stated in the 1975
Declaration of Helsinki. All patients provided written
informed consent before enrolment.

PCl procedure

All patients received dual antiplatelet therapy and intra-
venous heparin before the procedure. In patients with
serum creatinine (Cr) levels>1.2 mg/dL, intravenous
hydration with normal saline was provided at 1 mL/kg/h
for 12 h before and after PCI. A nonionic iso-osmolar
contrast media was used during PCI. Finally, all patients
underwent a follow-up coronary angiography 9 months
after PCL

Assessment of renal function

Laboratory values were obtained on admission before
PCI. Serum CysC was measured using a colloidal gold
particle-enhanced colorimetric immunoassay (Nescauto
GC Cystatin C, Alfresa Pharma, Osaka, Japan). The esti-
mated glomerular filtration rate (eGFR) was calculated
using the Modification of Diet in Renal Disease equa-
tion, with coefficients modified for the Japanese popula-
tion as follows: eGFR (mL/min/1.73 m?) = 194 X serum Cr
(mg/dL)1*x age (years)™*7 (x0.739 for female par-
ticipants) [10]. The grade of renal function was classified
based on the level of eGFR [11]. Serum concentrations
of CysC were reassessed 9 months after PCI. We evalu-
ated renal function change 9 months after PCI, which
was defined as the late phase when patients received the
follow-up coronary angiography. The percent change in
CysC [%CysC=(CysC at 9 months—CysC at baseline)/
CysC at baselinex100] was calculated. Furthermore,
%CysC>0% and %CysC<0% after PCI were defined as
WRF and non-WRE, respectively.

Definitions

DM was defined based on the following criteria: use of
antihyperglycemic medication, fasting plasma glucose
concentration > 126 mg/dL, or glycated hemoglobin con-
centration>6.5% (in accordance with the National Gly-
cohemoglobin Standardization Program) [12].

Statistical analysis

Quantitative data are presented as mean *standard
deviation or median and interquartile range (IQR).
Fisher’s exact test was used to compare the incidence of
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categorical variables, which are expressed as percent-
ages. Continuous variables were compared between the
DM and non-DM groups using Student’s t-test or the
Wilcoxon rank-sum test for normal or non-normal dis-
tribution data, respectively. Univariate logistic regression
analysis was performed using medication details known

Table 1 Patient characteristics
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at the time of admission, patient background, and com-
mon comorbidities associated with cardiovascular dis-
ease as parameters. We performed multivariate logistic
analysis for the presence of WRF using relevant factors
from univariate analysis, with the results expressed as
the odds ratio (OR) and 95% confidence interval (CI).

Overall DM, non-DM, P-value
n=297 n (%) =196 (66) n (%)=101 (34) (DM vs. non-DM)

Age,y 69 [62, 75] 69 [63, 75] 70 [58, 76] 0.843
Body mass index, kg/m? 24.1[22.2,26.3] 24.8[224,26.3] 23.81[22.1,263] 0.245
Gender: men, n (%) 215(72) 142 (72) 73 (72) 1.000
Contrast media, mL 150[124,182] 150 [125,180] 150121, 189] 0.544
Systolic blood pressure, mmHg 128[117,138] 128 (116, 140] 1281118, 138] 0.977
Diastolic blood pressure, mmHg 71 [65,79] 73 [69, 81] 7064, 77] 0.003
Risk factors, n (%)

DM 196 (66) 196 (100) 0(0) -

Dyslipidemia 225(76) 147 (65) 78 (35) 0.671

Hyperuricemia 78 (26) 45 (23) 33(33) 0.095
Medication, n (%)

Calcium channel blockers 163 (55) 112 (57) 51 (50) 0.269

ACEI 76 (26) 56 (29) 20 (20) 0123

ARB 134 (45) 82 (42) 52(51) 0.176

B-blockers 143 (48) 91 (46) 52(51) 0394

Spironolactone 35(12) 24(12) 113071 0.850

Thiazide 12 (4) 8(4) 4(4) 1.000

Loop diuretics 56 (19) 41 (21) 15(15) 0.273

Diuretics 74 (25) 53 (27) 21 (21) 0.261
eGFR, mL/min/1.73 m? 63 [47,76] 64 [45,76] 62 [48,74] 0.676

G1 (>90) 21(7) 13(7) 8(8)

G2 (60-89) 140 (47) 96 (49) 44 (44)

G3a (45-59) 75 (25) 41 (21) 34 (34)

G3b (30-44) 51(17) 39 (20) 12(12)

G4 (15-29) 9(3) 7(3) 2(2)

G5 (<15) 1(0.3) 0(0) 1(1)
Hb, g/dL 13.1[11.9,14.3] 13.0[11.8,14.1] 13.2[12.1,14.7] 0.030
hs-CRP, mg /dL 0.09[0.04,0.22] 0.08[0.04,0.21] 0.10[0.05, 0.25] 0.387
LDL-C, mg/dL 84[68,101] 83[67,103] 85 [70, 100] 0.706
HDL-C, mg/dL 47 (39, 571 47 [38, 54] 49 [41,61] 0.025
TG, mg/dL 115 [84, 164] 115 (87, 164] 109 [81, 164] 0.567
UA, mg/dL 6.0[5.0,7.0] 59[5.0,6.8] 6.0[5.0,7.3] 0334
FPG, mg/dL 106 [92, 129] 114 [99, 148] 93 [89, 106] <0.001
HbA1c, % 6.315.8,7.0] 6.816.1,7.3] 59(56,6.1] <0.001
BUN, mg/dL 16.9[13.8,20.8] 174113.9,21.0] 16.1[134,20.8] 0.354
Cr, mg/dL 0.88[0.76, 1.07] 0.87[0.76, 1.50] 0.90[0.76,1.12] 0.532
CysC, mg/L 1.07[0.93,1.32] 1.05[0.93,1.30] 1.14[0.90, 1.36] 0.529
LVEF, % 61.9[52.0,69.3] 62.2 [50.7,69.8] 61.3[53.6,684] 0.700

Values are mean + standard deviation (SD). WRF worsening renal function, ACEl angiotensin-converting enzyme inhibitor, ARB angiotensin Il receptor blocker, Hb
hemoglobin, hs-CRP high-sensitivity C-reactive protein, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglycerides, UA uric
acid, FPG fasting plasma glucose, HbA1c glycated hemoglobin, BUN blood urea nitrogen, Cr creatinine, eGFR estimated glomerular filtration rate, LVEF left ventricular
ejection fraction, DM diabetes mellitus, CysC cystatin C
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Statistical significance was considered at p<0.05, and
statistical analyses were performed using SAS software
(JMP® 16 (SAS Institute Inc., Cary, NC, USA).

Results

Baseline characteristics

Table 1 shows the baseline clinical characteristics of
patients. Among 297 hypertensive patients with statins,
196 and 101 were with and without DM, respectively. Sig-
nificant differences in diastolic blood pressure (median:
73 mmHg, IQR: 69-81 mmHg vs. median: 70 mmHg,
IQR: 64-77 mmHg, p=0.003), hemoglobin (median:
13.0 g/dL, IQR: 11.8-14.1 g/dL vs. median: 13.2 g/dL,
IQR: 12.1-14.7 mg/dL, p=0.030), high-density lipo-
protein cholesterol (HDL-C) (median: 47 mg/dL, IQR:
38-54 mg/dL vs. median: 49 mg/dL, IQR 41-61 mg/
dL, p=0.025), fasting plasma glucose (median: 114 mg/
dL, IQR: 99-148 mg/dL vs. median: 93 mg/dL, IQR:
89-106 mg/dL), p<0.001, and glycated hemoglobin
(median: 6.8%, IQR: 6.1-7.3% vs. median: 5.9%, IQR: 5.6—
6.1%, p<0.001) levels were found between the DM and
non-DM groups.

ACEI and ARB were prescribed in 56 (29%) and 82
(42%) patients in the DM group and 20 (20%) and 52
(51%) in the non-DM group, respectively. However, no
patients were taking both ACEI and ARB. Additionally,
no significant differences in baseline eGFR, Cr, and CysC
levels were found between the DM and non-DM groups,
and the mean volume of contrast media did not differ
between groups.

Association between DM and change in renal function

We compared the %CysC between groups, and no sig-
nificant differences in the %CysC were found between
the DM and non-DM groups (median: 0%, IQR: -7.9%
to 8.5% vs. median: 1.1%, IQR: -6.6% to 9.6%, p=0.521)
(Fig. 1). The patients with WREF after PCI were 100 (51%)
and 59 (58%) in the DM and non-DM groups, respec-
tively (p=0.261).

Influence of baseline characteristics on WRF after PCI

in the DM and non-DM groups

Tables 2 and 3 present the results of univariate logistic
analysis for WRF following PCI in the DM and non-
DM groups. In the DM group, age (OR: 1.04, 95% CI:
1.01-1.08, p=0.020) and the use of f-blocker (OR: 2.04,
95% CI: 1.16-3.63, p=0.015) positively correlated with
WRE. Body mass index (BMI) (OR: 0.89, 95% CI: 0.81—
0.98, p=0.019) and LDL-C (OR: 0.98, 95% CI: 0.97-
0.99, p=0.001) were negatively correlated with WRF
(Table 2). However, BMI (OR: 1.16, 95% CI: 1.03-1.32,
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Fig. 1 Comparison of the changes in cystatin C among patients
with and without DM

p=0.016), systolic blood pressure (OR: 1.02, 95% CI:
1.01-1.06, p=0.047), calcium channel blocker (OR: 3.36,
95% CI: 1.48-7.89, p=0.004), and ARB (OR: 2.54, 95%
CI: 1.14-5.83, p=0.025) positively correlated with WRF
in the non-DM group. ACEI negatively correlated with
WRE (OR: 0.30, 95% CI: 0.10-0.82, p=0.021) (Table 3).
In multivariate logistic analysis for WRF after PCI using
relevant factors from univariate analysis including con-
trast media which was generally considered as a risk fac-
tor for renal dysfunction, the use of B-blocker (OR: 2.76,
95% CI: 1.03-7.90, p=0.048) and ACEI (OR: 0.07, 95%
CI: 0.01-0.47, p=0.012) were independently correlated
with WRF in the DM and non-DM groups, respectively
(Tables 2 and 3).

Discussion

This study demonstrated that the use of B-blockers posi-
tively correlated with WRF in the DM group, whereas
ACEI negatively correlated with WRF in the non-DM
group. This study underscored the different effects of pre-
medications on the WREF after PCI between hypertensive
patients with and without DM who received treatment
with statins.

Previous studies reported that WRF after PCI, includ-
ing CIN, is a powerful predictor of cardiovascular events
and mortality [2, 3, 13-15]. Therefore, preventing WRF
after PCI is important to improve prognosis. Renin—
angiotensin—aldosterone (RAS) inhibitors are believed
to have a renoprotective effect [16]. Additionally, in the
NAPLES II trial, CIN prevalence, defined as a>10%
increase in serum CysC, was lower in the atorvastatin
group than in the control group [17]. Therefore, statins
might also prevent renal dysfunction after using contrast
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Table 2 Logistic regression analyses for WRF in the DM group
Univariate Multivariate
OR 95% Cl P-value OR 95% Cl P-value
Age,y 1.04 1.01-1.08 0.020 1.05 0.98-1.12 0.175
Body mass index 0.89 0.81-0.98 0.019 092 0.77-1.08 0.297
Gender: men 0.96 0.51-1.79 0.886
Contrast media 1.01 0.99-1.02 0.118 1.00 1.00-1.02 0.059
Systolic blood pressure 1.00 0.98-1.02 0.739
Diastolic blood pressure 1.01 0.98-1.03 0.708
Dyslipidemia 0.85 0.44-1.62 0.625
Hyperuricemia 1.21 0.44-3.45 0.717
Calcium channel blockers 1.01 0.57-1.78 0.967
ACEI 0.63 0.34-1.18 0.149
ARB 136 0.77-2.41 0.291
B-blockers 204 1.16-3.63 0.015 2.76 1.03-7.90 0.048
Spironolactone 1.40 0.59-3.41 0.446
Thiazide 1.67 0.38-8.31 0.493
Loop diuretics 0.89 045-1.78 0.747
Diuretics 1.10 0.58-2.08 0.758
Hb 0.85 0.71-1.01 0.059
hs-CRP 1.06 0.93-1.29 0.424
LDL-C 0.98 0.97-0.99 0.001 0.99 0.97-1.01 0332
HDL-C 0.99 0.97-1.01 0379
TG 1.00 0.99-1.00 0.083
UA 1.01 0.83-1.24 0.897
FPG 1.00 0.99-1.01 0.448
HbA1c 1.12 0.85-1.51 0.429
BUN 1.01 0.97-1.06 0.608
Cr 1.26 0.58-2.86 0.558
eGFR 098 0.97-1.00 0.077
LVEF 0.98 0.96-1.00 0.063

DM diabetes mellitus, WRF worsening renal function, ACE/ angiotensin-converting enzyme inhibitor, ARB angiotensin Il receptor blocker, Hb hemoglobin, hs-CRP
high-sensitivity C-reactive protein, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglycerides, UA uric acid, FPG fasting
plasma glucose, HbA1c glycated hemoglobin, BUN blood urea nitrogen, Cr creatinine, eGFR estimated glomerular filtration rate, LVEF left ventricular ejection fraction,

Cl confidence interval, OR odds ratio

media. DM is well-known as a significant risk factor
for CAD and increases overall morbidity and mortality
[18]. In patients with DM, renal function is also severely
affected due to arteriosclerosis and diabetic nephropathy,
and diabetic kidneys are characterized by severe intersti-
tial inflammation [19]. Moreover, DM is believed to be
a high-risk factor for developing CIN [20], and several
studies have reported that the persistence of renal dys-
function with CIN results in poor prognosis [21]. There-
fore, we focused on the impact of medications, including
RAS inhibitors, on renal functions in hypertensive
patients with DM taking statins.

We previously reported that ACEI had a renoprotective
effect in the late phase after PCI rather than ARB [7]. In
our report, we considered nitric oxide (NO) a key factor

in protecting renal function. ACEI inhibits angiotensin
II formation and bradykinin potentiation and increases
NO. Interestingly, NO is involved in vascular endothelial
function and might be considered to have a renoprotec-
tive effect. Furthermore, statins have also been reported
to upregulate NO synthase [22, 23] and reduce oxida-
tive stress, which may reduce the progression of renal
dysfunction. In this study, we demonstrated that ACEI
exhibited a renoprotective effect in the late phase after
PCI in patients without DM rather than in those with
DM. It was considered that patients with DM had a
stronger disorder of NO production than those without
DM. Atherosclerosis is characterized by an early reduc-
tion in NO [24], and coronary risk factors such as hyper-
lipidemia and DM are known to impair NO function,
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Table 3 Logistic regression analyses for WRF in non-DM group
Univariate Multivariate
OR 95% Cl P-value OR 95% Cl P-value
Age,y 0.99 0.95-1.02 0.631
Body mass index 1.16 1.03-1.32 0.016 1.03 0.85-1.28 0.747
Gender: men 1.97 0.82-4.81 0.133
Contrast media 1.00 0.99-1.02 0457 1.00 0.99-1.02 0.615
Systolic blood pressure 1.02 1.01-1.06 0.047 1.00 0.96-1.04 0.861
Diastolic blood pressure 1.01 0.98-1.05 0419
Dyslipidemia 1.75 0.68-4.51 0.244
Hyperuricemia 0.97 0.37-247 0.956
Calcium channel blockers 336 1.48-7.89 0.004 1.07 0.26-4.74 0923
ACEI 0.30 0.10-0.82 0.021 0.07 0.01-047 0012
ARB 2.54 1.14-5.83 0.025 0.31 0.04-1.48 0.181
B-blockers 131 0.59-2.90 0512
Spironolactone 036 0.09-1.29 0.127
Thiazide 0.70 0.08-6.02 0.725
Loop diuretics 0.78 0.26-2.42 0.666
Diuretics 0.73 0.28-1.95 0.592
Hb 112 093-1.37 0.238
hs-CRP 0.63 0.24-0.97 0.156
LDL-C 0.99 0.98-1.01 0.875
HDL-C 1.01 0.98-1.04 0672
TG 1.00 0.99-1.01 0.510
UA 1.01 0.78-1.30 0.939
FPG 1.01 0.98-1.04 0.529
HbAlc 1.44 0.56-3.92 0.456
BUN 095 0.88-1.02 0.132
Cr 0.66 0.19-1.89 0444
eGFR 1.02 0.99-1.04 0.157
LVEF 1.02 0.99-1.06 0.232

DM diabetes mellitus, WRF worsening renal function, ACE/ angiotensin-converting enzyme inhibitor, ARB angiotensin Il receptor blocker, Hb hemoglobin, hs-CRP
high-sensitivity C-reactive protein, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglycerides, UA uric acid, FPG fasting
plasma glucose, HbA1c glycated hemoglobin, BUN blood urea nitrogen, Cr creatinine, eGFR estimated glomerular filtration rate, LVEF left ventricular ejection fraction,

Cl confidence interval, OR odds ratio

which becomes severe with the increase in the number
of risk factors. Particularly, DM, characterized by insulin
resistance, is associated with an acceleration of athero-
sclerotic vascular disease and poor outcomes following
vascular interventions and is believed to be caused by
increasing inflammation and decreasing NO bioavail-
ability [25, 26]. Meininger et al. reported that high glu-
cose levels increase NO synthase (NOS)-dependent
superoxide production in human endothelial cells and
mediate endothelial NOS dysfunction in endothelial
cells [27]. Furthermore, glycated hemoglobin (HbAlc)
which showed the long-term glycemic index was posi-
tively associated with the severity of CAD even in non-
diabetic individuals [28]. We speculated that patients
with DM may have severer endothelial dysfunction than

those without DM, which may have caused the different
effects of ACEI on renal function between patients with
and without DM in this study.

Hypertension is an important risk factor for cardio-
vascular events regardless of its type or presence of left
ventricular hypertrophy [29-31]. Furthermore, blood
pressure control is associated with several parameters
as known to risk factors of coronary artery disease and
other cardiac diseases [32, 33]. Therefore, blood pres-
sure control through medication has important impli-
cations for the prognosis of heart disease. p-blockers
have an important dual role, such as antihypertensive
effect and providing optimal cardiovascular protection
in patients with hypertension. They are also important
drugs for optimal medical therapy for ischemic heart
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Table 4 Summary of this study and previous reports for renal
function and endothelial function

Protective Worsening

Renal function RAS inhibitor [6, 14] DM [18]

Statin [7, 8, 15] Contrast media
Nitric oxide Hypertension
ACEl (non-DM patients) B-blockers (DM patients)
[This study] [This study]
Endothelial function Nitric oxide DM

Insulin resistance
Lipid metabolism

DM diabetes mellitus, ACEIl angiotensin-converting enzyme inhibitor, RAS Renin-
angiotensin-aldosterone

disease. However, to our knowledge, only a few pub-
lished reports of P-blockers-associated kidney injury
after PCI. In our study, we found that -blockers were
the independent risk factor for WRF in the late phase
after PCI in hypertensive patients with DM taking
statins. There might be a few potential mechanisms
in this association between B-blockers and WRE. The
effect of the lowering heart rate by p-blockers will
play an important role for heart failure. However, the
decrease in heart rate may lead to relatively higher
central aortic systolic pressure which induce the nega-
tive effect on renal function [34]. In addition, animal
and cell biology studies showed that -blockers could
have profibrotic effects due to activate the production
of TGF-B and collagen I and III [35]. Furthermore,
B-blockers reportedly worsen insulin sensitivity, alter
lipid metabolism, and cause weight gain [36]. Disor-
ders of insulin sensitivity and lipid metabolism have
also been reported to result in endothelial dysfunction.
Owing to those mechanisms, using p-blockers might
worsen renal function in patients with DM. We sum-
marized the results of this study and previous reports
which we have referenced in this study in Table 4.

Currently, there is insufficient evidence of the benefit of
[B-blockers use for stable angina pectoris patients without
left ventricular dysfunction. In addition, B-blockers are
not first-line agents for hypertensive patients. Based on
the results of the present study, we believe that careful
consideration should be needed to use B-blockers in DM
patients complicated stable angina pectoris who require
PCI, except in patients with left ventricular dysfunction
who could clearly benefit from use of 3-blockers.

This study had some limitations. First, all subjects
underwent elective PCI and follow-up coronary angi-
ography 9 months after PCI at our hospital and this
study was a retrospective study with a relatively small
number of patients. Therefore, a large-scale prospective
study should assess the effect of ACEI and B-blockers on
renal function over a longer time after PCI. Second, only
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patients with mild to moderate renal dysfunction were
recruited in this study. Therefore, the impact of ACEI and
B-blockers on renal function in the late phase after PCI in
patients with severe renal dysfunction should be investi-
gated. Third, all medications that the patients took were
checked at the time of admission. However, we could not
completely confirm that the patients took all medicines
regularly during study period.

Conclusions

The use of B-blockers was the independent risk factor for
WREF in hypertensive patients with DM in the late phase
after PCI for stable angina pectoris who underwent sta-
tin therapy, whereas ACEI had a renoprotective effect in
patients without DM.

Abbreviations

ACEI Angiotensin-converting enzyme inhibitor
DM Diabetes mellitus

CAD Coronary artery disease

pCl Percutaneous intervention

CysC Cystatin

%CysC  Percent change in cCysC

OR Odds ratio

a Confidence interval

IQR Interquartile range
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