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Abstract: The purpose of this study was to discuss the present

situation of discharge medications in coronary artery disease (CAD)

patients with different levels of renal function and assess the potential

impact of these medications on the prognosis of this patient population.

A retrospective cohort study was conducted. From July 2008 to Jan

2012, consecutive patients with CAD confirmed by coronary angio-

graphy of West China Hospital were enrolled and were grouped into 3

estimated glomerular filtration rate (eGFR) categories: �60, 30 to 60,

and <30 mL/min/1.73 m2. The endpoints were all-cause mortality and

cardiac mortality.

There are 3002 patients according to the inclusion criteria and

follow-up requirement. The mean follow-up time was 29.1� 12.5

months. CAD patients with worse renal function included more

cardiovascular risk factors (advanced age, history of hypertension

or diabetes, and diagnosis of acute myocardial infarction). The

cumulative survival curves of the patients according to renal function

showed that the eGFR <30 mL/min and 30 mL/min � eGFR <60 mL/

min groups had a significantly higher risk of all-cause death and

cardiovascular death than the group with an eGFR �60 mL/min. The

prescription of evidence-based medicines (EBMs) at discharge (anti-

platelet agents, beta-blockers, statins, and angiotensin-converting

enzyme inhibitors [ACEIs] or angiotensin-receptor blockers [ARBs])

was a factor in reducing the risk of all-cause death and cardiovascular
MD, Yang Luo, M , MD, PhD,
uang, MD

of EBMs resulted in a greater reduction in the risk of all-cause death

and cardiovascular death.

A higher percentage of patients with CAD and concomitant RI

suffered from cardiovascular disease (CVD) risk factors, whereas a

lower percentage of these patients used EBMs to prevent CVD events.

Strict use of EBMs, including beta-blockers, statins, and ACEIs or

ARBs, can lead to more clinical benefits, even for patients with CAD

and concomitant RI. Thus, treatment of this patient population with

EBMs should be stressed.

(Medicine 95(6):e2740)

Abbreviations: ABRs = angiotensin receptor blockers, ACEIs =

angiotensin converting enzyme inhibitors, AMI = acute myocardial

infarction, CAD = coronary artery disease, CKD = chronic kidney

disease, CVD = cardiovascular disease, EBMs = evidence-based

medicines, EF = ejection fraction, eGFR = estimated glomerular

filtration rate, ESRD = end-stage renal disease, LDL-C = low-

density lipoprotein-cholesterol, RAAS = renin-angiotensin-

aldosterone system, RI = renal insufficiency, SCr = Serum

creatinine, STEMI = ST-segment elevated myocardial infarction.

INTRODUCTION

C ardiovascular disease (CVD) and renal insufficiency (RI)
are both worldwide public health issues and often occur

concomitantly.1 Studies have shown that patients with coronary
artery disease (CAD) and concomitant RI have a worse prog-
nosis.2–4 Many common risk factors exist for CAD and chronic
kidney disease (CKD), such as advanced age, hypertension,
dysglycemia, dyslipidemia, and inflammation. Thus, RI
patients have a high risk of developing CVD and cardiovascular
events.5,6 The treatment of CVD has entered the era of evi-
dence-based medicines (EBMs). For example, antiplatelet
agents, renin-angiotensin-aldosterone system (RAAS) inhibi-
tors, beta-blockers, and statins have been shown to significantly
improve the prognosis of patients with CVD. These EBMs are
recommended by guidelines, and thus extensively used in
clinical practice.7,8 However, due to concerns about drug
nephrotoxicity or bleeding risk, the use of EBMs is currently
unsatisfactory in the clinical treatment of patients with CAD
and concomitant RI.1 Shlipak et al9 reported that elderly
patients hospitalized with myocardial infarction (MI) without
RI were treated with aspirin and beta-blockers 20% more often
erate RI. Another observational studies
failure after MI found that angiotensin-

ibitors (ACEIs) and beta-blockers were
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associated with a greater benefits in patients with RI than in
patients with normal renal function.10 However, research is still
relatively scarce regarding the use of EBMs and their influence
on the prognosis of RI patients in clinical practice.

In this study, we analyzed the renal function of CAD
patients at hospital admission and recorded their prescribed
medications at discharge. Then, we discussed the present
situation of discharge medications in CAD patients with
different levels of renal function and assessed the potential
impact of these medications on the prognosis of this
patient population.

METHODS

Study Population
We conducted a retrospective cohort study. The data

source for this investigation was the West China Hospital
CAD database. This single-center database includes all the
CAD or high risk patients undergoing angiography in West
China Hospital, a 4950-bed teaching hospital affiliated to
Sichuan University. For this analysis, we enrolled consecutive
patients with CAD from July 2008 to January 2012 of the
database. Patients with CAD were eligible for inclusion if they
were restricted to participants with angiographic evidence of
�50% stenosis in �1 coronary vessels. The exclusion criteria
included malignancies, pregnancy, end-stage renal disease
(ESRD) with hemodialysis or renal transplant and severe liver
or hematological diseases. These inclusion and exclusion
criteria were met by 3375 continuously enrolled CAD patients.
After excluding patients with loss of follow-up (n¼ 312) or
incomplete follow-up data (n¼ 61), 3002 patients were
included in the data analysis. The study protocol was approved
by the local institutional review boards in accordance with the
Declaration of Helsinki. All subjects provided written
informed consent before enrolment.

Baseline Characteristics
Demographic data, medical history, cardiovascular risk

factor, vital signs at admission, medications at discharge, and
final diagnosis were obtained from the patients’ electronic
medical records and reviewed by a trained study coordinator.
Blood sample was collected before angiography, and plasma
biomarkers including liver and kidney function (including the
admission serum creatinine [SCr] levels), blood glucose, serum
lipid, etc., were analyzed in the department of Laboratory
Medicine, West China hospital, accredited by the College of
American Pathologists. Hypertension was defined as those with
systolic blood pressure >140 mm Hg and/or diastolic blood
pressure >90 mm Hg and/or those receiving antihypertensive
medications. Diabetes was diagnosed in patients who had
previously undergone dietary treatment for diabetes, had
received additional oral antidiabetic or insulin medication or
had a current fasting blood glucose level of �7.0 mmol/L or
random blood glucose level �11.1 mmol/L. Dyslipidemia was
defined as fasting serum total cholesterol level of�5.18 mmol/L,
and/or fasting serum low-density lipoprotein-cholesterol (LDL-C)
level of �3.37 mmol/L, and/or fasting serum high-density
lipoprotein-cholesterol level of <1.04 mmol/L, and/or fasting
serum triglycerides level of�5.18 mmol/L, and/or those receiv-
ing treatment with drugs or therapeutic life-style change for
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dyslipidemia. The criteria of acute myocardial infarction (AMI)
was diagnosed on the basis of the triad of chest pain, electro-
cardiogram changes, and elevated serum cardiac enzyme

2 | www.md-journal.com
levels.11 Patients received care according to the usual practice;
treatment was not affected by participation in this study.

Renal Function Assessment
SCr was finished before the angiography within first 24

hours after admission. The Modification of Diet in Renal
Disease equation was used to estimate glomerular filtration
rate (eGFR) in milliliters per minute per 1.73 m2.12 Patients
were divided into 3 eGFR groups corresponding to strata used to
define CKD stages:13 group 1, normal or mild impaired renal
function (eGFR >60 mL/min/1.73 m2); group 2, moderate
impaired renal function (eGFR 30 to <60 mL/min/1.73 m2);
and Group 3, severe renal function group (eGFR <30 mL/min/
1.73 m2).

Follow-Up and Endpoints
The follow-up period ended on January 2013. Follow-up

information was collected through contact with patients’ phys-
icians, patients, or their family. All data were corroborated with
the hospital records. The endpoints in this study were all-cause
mortality and cardiovascular death, as documented in the
database. Death was considered cardiac when it was caused
by AMI, significant arrhythmias, or refractory heart failure.
Sudden unexpected death occurring without another expla-
nation was included as cardiovascular death.

Statistical Analyses
We conducted the post-hoc analysis on a retrospective

basis. Baseline demographics and clinical characteristics were
compared among patients categorized by the admission eGFR
levels in 3 groups. Continuous variables and categorical vari-
ables are expressed as mean�SD and absolute value (percen-
tages), respectively. Analysis of variance and x2 tests were used
to test for differences between groups for continuous and
categorical variables, respectively. Kaplan-Meier survival curve
of the 3 eGFR groups in relation to all-cause mortality and
cardiovascular mortality in CAD patients was constructed and
examined using the log-rank test for overall comparison
and pairwise comparison. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) were calculated based on Cox proportional
hazards regression models, which was used to investigate the
independent effect of discharged EBMs on the outcome events.
EBMs included antiplatelet agents (aspirin or clopidogrel), beta-
receptor blockers, statins, and ACEIs or angiotensin-receptor
blockers (ARBs). Adjustments were made for the possible
confounding effects of age, sex, history of hypertension, history
of diabetes mellitus, LDL-C, and ST-segment elevated myo-
cardial infarction (STEMI). Increasingly adjusted models for
composite effect of discharged medication on mortality were
built for all-cause mortality and cardiovascular mortality to
assess the 3 types of EBMs: beta-receptor blockers, statins,
and inhibitors (ACEIs or ARBs). Model 0: no medication; model
1: prescribed 1 type of EBMs; model 2: prescribed 2 types of
EBMs; model 3, prescribed all 3 types of EBMs. Two-sided P
values of <0.05 indicated statistical significance. All analyses
were performed with SPSS software (version 19.0).

RESULTS
A total of 3002 patients with CAD were included in the
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study. The average age was 64.5� 10.6 years, and 20.5 % of the
patients were female. SCr levels were measured within 24 hours
after admission, and the eGFR was calculated. The average
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eGFR was 80.6� 40.3 mL/min, and 507 (16.9 %) patients had
an eGFR <60 mL/min. According to the eGFR, the patients
were divided into 3 groups: eGFR �60 mL/min, 30 mL/min �
eGFR <60 mL/min, and eGFR <30 mL/min. The distribution
of baseline data is shown in Table 1. The clinical features of the
patients showed certain differences between groups. Patients
with worse renal function were older and included a higher
percentage of women. Moreover, this group was combined a
higher percentage of patients with hypertension and diabetes (P
< 0.001), and included a higher percentage of patients diag-
nosed with STEMI and non-ST-segment elevated myocardial
infarction at admission, although the difference did not reach a
statistically significant level (Figure 1).

The 3002 patients were followed up for an average period
of 29.1� 12.5 months. A total of 275 cases of all-cause death

Medicine � Volume 95, Number 6, February 2016
occurred (mortality rate, 9.2 %), including 152 cases of cardi-
ovascular death (cardiovascular mortality rate, 5.1 %). The
cumulative survival curves of the patients divided by the level

TABLE 1. Baseline Patient Characteristics According to the eGFR

Gro
Characteristic Total �60 m
No. of Patients n¼ 3002 n¼

Age, y 64.5� 10.6 63.4�
Sex (female) 615 (20.5) 453
Medical history

Current smoking 878 (49.2) 773
Hypertension 1633 (54.6) 1280
Dyslipidemia 486 (16.3) 416
Diabetes mellitus 656 (22.0) 501

At admission
Heart rate, beats/min 74.5� 21.6 73.8�
Systolic blood pressure, mm Hg 130.4� 22.4 130.1
Diastolic blood pressure, mm Hg 76.3� 12.6 76.7�

Laboratory values
Creatinine, mg/dL 1.1� 0.5 0.9�
eGFR, mL/min/1.73 m2 80.6� 40.3 87.7�
Blood glucose, mmol/L 7.1� 3.3 6.9�
HDL-C, mmol/L 1.2� 0.4 1.2�
LDL-C, mmol/L 2.4� 0.9 2.4�

Diagnosis
STEMI 432 (14.4) 349
NSTEMI 201 (6.7) 159

Discharge medication
Aspirin 2772 (93.8) 2340
Clopidogrel 2680 (89.3) 2252
Dual-antiplatelet 2599 (86.6) 2195
Beta-receptor blockers 1990 (67.4) 1689
Statins 2689 (91.1) 2257
ACEIs or ARBs 1709 (57.9) 1419

Outcomes
All-cause death 275 (9.2) 177
CV death 152 (5.1) 99

Data are expressed as means�SD or counts and percentages, as approp
ACEIs¼ angiotensin-converting enzyme inhibitors, ARBs¼ angiotensin-

glomerular filtration rate, HDL-C¼ high-density lipoprotein-cholesterol, LD
elevated myocardial infarction, SD¼ standard deviation, STEMI¼ST-segm

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
of renal function showed that the eGFR <30 mL/min and
30 mL/min � eGFR <60 mL/min groups had a significantly
higher risk of all-cause death and cardiovascular death than the
group with an eGFR �60 mL/min (mortality rate, group 3 vs
group 1, 32.3% vs 7.1%, P < 0.001; group 2 vs group 1, 17.4%
vs 7.1%, P< 0.001; cardiovascular mortality, group 3 vs group
1, 18.5% vs 3.1%, P< 0.001; group 2 vs group 1, 9.3% vs 3.1%,
P< 0.001) (Figure 2).

The analysis of medicines prescribed at discharge and all-
cause death risk revealed that for patients with either an eGFR
�60 mL/min or an eGFR <60 mL/min, the prescription of
EBMs at discharge (antiplatelet agents, beta-blockers, statins,
and ACEIs or ARBs) was a factor in reducing the risk of all-
cause death. When multiple confounders were adjusted, anti-
platelet agents (aspirin or clopidogrel separately, and dual

EBMs Prescription in CAD and RI
antiplatelet), beta-blockers, and statins still showed a protec
tive effect (Table 2). Similar results were obtained in the
analysis of the medicines prescribed at discharge and the

eGFR Levels

up 1 Group 2 Group 3
L/min 30–60 mL/min <30 mL/min

2495 n¼ 442 n¼ 65 P

10.7 70.5� 7.9 69.3� 8.4 <0.001
(18.2) 138 (31.2) 24 (36.9) <0.001

(50.6) 92 (40.0) 13 (48.1) 0.004
(51.5) 300 (68.6) 53 (81.5) <0.001
(16.7) 58 (13.2) 12 (18.5) 0.427
(20.2) 126 (28.8) 29 (44.6) <0.001

17.9 77.1� 36.0 81.3� 17.8 0.001
� 22.0 131.8� 22.9 133.6� 32.4 0.167

12.3 74.0� 13.0 77.2� 19.2 0.001

1.7 1.4� 0.3 3.4� 1.9 <0.001
40.3 49.4� 7.9 20.8� 7.0 <0.001
2.9 7.8� 4.1 9.2� 7.4 <0.001
0.4 1.2� 0.3 1.1� 0.4 0.891
1.0 2.3� 0.9 2.3� 0.9 0.097

(14.0) 71 (16.1) 12 (18.5) 0.332
(6.3) 34 (7.7) 8 (12.3) 0.111

(95.1) 385 (89.3) 47 (74.6) <0.001
(90.3) 376 (85.1) 52 (80.0) 0.008
(88.0) 358 (81.0) 46 (70.8) <0.001
(68.7) 265 (61.5) 36 (57.1) 0.003
(91.8) 381 (88.4) 51 (81.0) 0.001
(57.7) 267 (61.9) 23 (36.5) 0.001

(7.1) 77 (17.4) 21 (32.3) <0.001
(4.0) 41 (9.3) 12 (18.5) <0.001

riate.
receptor blockers, CV death¼ cardiovascular death, eGFR¼ estimated
L-C¼ low-density lipoprotein-cholesterol, NSTEMI¼ non-ST-segmen

ent elevated myocardial infarction.
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FIGURE 1. Several clinical characteristics of CAD patients stratified
by eGFR (P<0.05 for trend in hypertension and DM according to
eGFR). CAD¼ coronary artery disease, DM¼diabetes mellitus,
eGFR¼ estimated glomerular filtration rate, STEMI¼ ST-segment
elevated myocardial infarction.

Peng et al
cardiovascular death risk (Table 2). However, the analysis of
medicines prescribed at discharge in patients with different
levels of renal function revealed an obvious underuse of EBMs
in RI patients. With decreasing eGFR levels, antiplatelet
agents, beta-blockers, statins, and ACEIs or ARBs all
accounted for a gradually decreasing percentage of medi-
cations prescribed at discharge (Figure 3). Meanwhile, we
analyzed the combined use of beta-blockers, statins, and
ACEIs or ARBs among the EBMs (Figure 4). The results
showed that the percentage of patients using a combination
of the 3 types of drugs was significantly lower in the group with
an eGFR <30 mL/min than in the eGFR �60 mL/min and
30 mL/min � eGFR <60 mL/min groups. The results of Cox
regression (Table 3) showed that irrespective of the eGFR level

(>60, 30–60, or<30 mL/min), greater use of EBMs resulted in
a greater reduction in the risk of all-cause death. Meanwhile, a
similar reduction was observed in cardiovascular death risk in

FIGURE 2. Kaplan-Meier estimates of time to all-cause death (panel A
baseline. eGFR¼ estimated glomerular filtration rate.
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the eGFR �60 mL/min and 30 mL/min � eGFR <60 mL/
min groups.

DISCUSSION
The main findings of this study were a higher percentage of

patients with CAD and concomitant RI had associated CVD risk
factors (such as hypertension, dysglycemia, dyslipidemia, and
obesity); however, a lower percentage of these patients used
EBMs (including antiplatelet agents, beta-blockers, statins, and
ACEIs or ARBs) than CAD patients with normal renal function,
and regardless of the level of renal function, greater use of
EBMs resulted in a better prognosis of CAD patients; thus, it is
worth stressing the standard use of EBMs, even for patients with
CAD and concomitant RI.

CVD is a leading cause of death in CKD patients.14,15

Patients with CKD are more likely to be to have CVD risk
factors including advanced age, hypertension, dysglycemia,
dyslipidemia, and active inflammation.5,6 Therefore, clinicians
should delay the progression of renal function decline as much
as possible in the treatment of CKD; meanwhile, clinicians
should treat CVD-associated risk factors to reduce the risk of
cardiovascular events and improve the clinical prognosis.16 Our
findings indicate that standard use of EBMs (including anti-
platelet agents, RAAS inhibitors, beta-blockers, and statins) is
an important therapeutic measure for patients with CAD and
concomitant RI. However, the actual use of the above drugs is
contrary to expectations and far from satisfactory in clinical
practice. Recent studies have suggested that the percentage of
patients with RI who use EBMs is lower than that of patients
with normal renal function.9,10,17 A cohort study that included
130,099 elderly patients hospitalized with MI showed that
patients without RI were treated with aspirin and beta-blockers
20% more often (on an absolute scale) than patients with
moderate RI.9 Another retrospective cohort study included
20,902 patients with MI and concomitant ejection fraction
(EF) decline; it showed that only 30% of patients with poor
renal function (SCr >265 mmol/L) were treated with ACEIs,
whereas this percentage was approximately 60% in patients
with good renal function (SCr <265 mmol/L).10 The results of
the current study also indicate that patients with CAD and
concomitant renal hypofunction are more susceptible to various
CVD risk factors, and thus require more strict use of EBMs.

However, a lower percentage of patients with CAD and con-
comitant RI used antiplatelet agents, beta-blockers, statins, and
ACEIs or ARBs than CAD patients with normal renal function.

) and to cardiovascular death (panel B) according to the eGFR at
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TABLE 2. Effect of Evidence-Based Medicines on Long-Term All-Cause Death in Patients With CAD According to the eGFR

Medications Mortality

eGFR Levels

�60 mL/min/1.73 m2 <60 mL/min/1.73 m2

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

�
Unadjusted HR

(95% CI)
Adjusted HR

(95% CI)
�

Asprin All-cause death 0.16 (0.11–0.25) 0.27 (0.16–0.45) 0.11 (0.08–0.16) 0.20 (0.13–0.33)
CV death 0.10 (0.06–0.17) 0.28 (0.13–0.58) 0.09 (0.06–0.14) 0.18 (0.10–0.32)

Clopidogrel All death 0.18 (0.12–0.27) 0.48 (0.26–0.90) 0.22 (0.16–0.31) 0.54 (0.33–0.87)
CV death 0.10 (0.06–0.17) 0.33 (0.13–0.82) 0.18 (0.12–0.27) 0.52 (0.28–0.95)

Dual-antiplatelet All death 0.25 (0.18–0.34) 0.38 (0.25–0.57) 0.27 (0.18–0.40) 0.36 (0.22–0.57)
CV death 0.20 (0.13–0.30) 0.35 (0.21–0.59) 0.17 (0.10–0.30) 0.36 (0.18–0.72)

Statins All-cause death 0.15 (0.10–0.23) 0.24 (0.14–0.42) 0.25 (0.18–0.35) 0.57 (0.36–0.92)
CV death 0.09 (0.05–0.16) 0.18 (0.09–0.38) 0.21 (0.14–0.33) 0.58 (0.31–1.08)

ACEIs and ARBs All-cause death 0.43 (0.29–0.65) 0.79 (0.48–1.29) 0.65 (0.48–0.88) 0.84 (0.59–1.18)
CV death 0.25 (0.14–0.47) 0.55 (0.26–1.18) 0.59 (0.39–0.88) 0.90 (0.57–1.43)

Betablockers All-cause death 0.45 (0.30–0.67) 0.55 (0.35–0.87) 0.40 (0.30–0.54) 0.58 (0.41–0.81)
CV death 0.25 (0.14–0.46) 0.46 (0.23–0.94) 0.36 (0.24–0.53) 0.52 (0.33–0.82)

CAD¼ coronary artery disease, CI¼ confidence interval, CV death¼ cardiovascular death, eGFR¼ estimated glomerular filtration rate, HR¼
-se

tes
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Likewise, the percentage of patients with CAD and concomitant
RI who used a combination of 2 or 3 EBMs was markedly lower
than that of CAD patients with normal renal function. The
reason for the inadequate use of EBMs in patients with RI is not
clear. In some cases, the clinician may be concerned about
potential contraindications of these drugs; however, this is not
mentioned in the medical records. A more likely reason is that
patients with RI are thought to be frail and less likely to benefit
or more likely to experience side effects.

Recently, the treatment of CVD has entered the era of
EBM. Antiplatelet agents, RAAS inhibitors, beta-blockers, and
statins have proven effective in improving the prognosis of
patients with CVD. These drugs are recommended by guide-

hazard ratio, LDL-C¼ low-density lipoprotein-cholesterol, STEMI¼ST�
Adjusted factor: age, sex, history of hypertension, history of diabe
lines and thus widely used in clinical practice.7,8 Beta-blockers
and RAAS inhibitors (ACEIs or ARBs) are extensively used in
patients with hypertension, MI, and heart failure; they can

FIGURE 3. Discharge prescription of EBMs for CAD patients stratified b
dual antiplatelet, statins, beta-blockers, and ACEIs or ARBs, according to
converting enzyme inhibitors, EBMs¼ evidence-based medicines, eG

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
effectively prevent and even reverse cardiac and vascular
remodeling, thus significantly reducing cardiovascular death
and ultimately improving the clinical prognosis. Moreover,
RAAS inhibitors can reduce SCr and urine protein levels and
delay the progression of renal damage in early RI.18,19 There-
fore, sufficient emphasis should be placed on the use of beta-
blockers and RAAS inhibitors for patients with CAD and
concomitant renal hypofunction. Two recent observational
studies of elderly patients with reduced left ventricular ejection
fraction after MI found that ACEIs and beta-blockers were
associated with a greater benefits in patients with RI than in
patients with preserved renal function.10,20 The 2012 Kidney
Disease Improving Global Outcomes (KDIGO) Guideline for

gment elevated myocardial infarction.
mellitus, LDL-C, STEMI.
the Evaluation and Management of CKD further stressed the use
of RAAS inhibitors and beta-blockers in patients with CAD and
concomitant RI; reducing the dose of drugs, rather than

y eGFR (P<0.05 for trend in EBMs, including aspirin, clopidogrel,
eGFR). ABRs¼ angiotensin receptor blockers, ACEIs¼ angiotensin

FR¼ estimated glomerular filtration rate.
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FIGURE 4. Relative portion of types of prescription of EBMs on
discharge in different eGFR levels. Model 0: no medication; model
1: prescribed 1 type of EBMs; model 2: prescribed 2 types of EBMs;
model 3, prescribed all 3 types of EBMs. Three types of EBMs
included: statin, beta-blockers, and RAAS inhibitors (ACEIs or
ARBs). ABRs¼ angiotensin receptor blockers, ACEIs¼ angiotensin
angiotensin converting enzyme inhibitors, EBMs¼ evidence-

Peng et al
withdrawing them, is recommended for patients with a GFR
<30 mL/min/1.73 m2.21 Conclusive evidence also exists that
shows statins can improve the prognosis of patients with CAD.
Although statins are generally believed to be safe for patients
with impaired renal function, their rate of use is currently low.1

The Study of Heart and Renal Protection trial revealed a
significant (17%) reduction in the relative hazard of the primary
outcome of major atherosclerotic events (coronary death, MI,
nonhemorrhagic stroke, or any revascularization) compared
with a placebo (HR 0.83; 95% CI 0.74–0.94), which was driven

based medicines, eGFR¼ estimated glomerular filtration rate,
RAAS¼ renin-angiotensin-aldosterone system.
y significant reductions in nonhemorrhagic stroke and coron-
ry revascularization.22 The 2013 KDIGO Guideline for lipid
anagement in CKD has once again stressed the importance of

medications may produce greater clinical benefits for patients
with MI and concomitant EF decline compared with patients
with normal EF after MI. However, in the case of severe RI,

ABLE 3. Composite Effect of Evidence-Based Medicines (Adjusted HR [95% CI]) on All-Cause Death and CV Death in Patients
ith CAD

edication
ombinations

eGFR Levels

�60 mL/min 30–60 mL/min <30 mL/min

ll death
Model 0 1 1 1
Model 1 0.18 (0.11–0.32) 0.28 (0.13–0.57) 0.07 (0.01–0.36)
Model 2 0.15 (0.09–0.24) 0.19 (0.10–0.36) 0.05 (0.01–0.23)
Model 3 0.14 (0.08–0.22) 0.11 (0.06–0.23) 0.05 (0.01–0.30)

V death
Model 0 1 1 N/A
Model 1 0.15 (0.07–0.32) 0.15 (0.06–0.38) N/A
Model 2 0.13 (0.07–0.25) 0.10 (0.05–0.23) N/A
Model 3 0.13 (0.07–0.24) 0.04 (0.02–0.12) N/A

Adjusted factor: age, sex, history of hypertension, history of diabetes mellitus, LDL-C, STEMI. Model 0: no medication; model 1: prescribed 1 type
f EBMs; prescribed 2 types of EBMs; model 3, prescribed all 3 types of EBMs. Three types of EBMs included: statin, beta-blockers, and RAAS
b
a
m

T
W

M
C

A

C

o

inhibitors (ACEIs or ARBs).

CAD¼ coronary artery disease, CI¼ confidence interval, CV death¼
HR¼ hazard ratio, LDL-C¼ low-density lipoprotein-cholesterol, N/A¼ no
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statins and specifically stated that ‘‘in adults aged �50 years
with eGFR <60 mL/min/1.73 m2 but not treated with chronic
dialysis or kidney transplantation (GFR categories G3a-G5), we
recommend treatment with a statin or statin/ezetimibe combi-
nation. (1A).’’23 A registry study of AMI in South Korea has
recently reported that eGFR is an independent risk factor for
death and complications after AMI, and the results show that
beta-blockers, ACEIs or ARBs, and statins can significantly
reduce both short- and long-term cardiovascular events in
patients with AMI and concomitant RI.24 Consistent with
previous findings, the current study suggests that a significantly
better prognosis can be achieved in patients with CAD and
concomitant RI who receive more types of EBMs and who
specifically follow strict and standard use of these medications.

In this study, the EBMs investigated were prescribed as
discharge medications. This fact reflects that concerns about RI
not only affect the choice and compliance of patients for drug
use, but may also influence the opinions of medical staff
regarding EBMs. Increased concerns about the short-term drug
side effects in the risk-benefit tradeoff assessment may mask the
long-term benefits of EBMs in clinical outcomes. At the same
time, concerns about potential medical risks due to drug side
effects may severely affect the willingness of clinicians to use
EBMs in clinical settings in China. According to the available
evidence, in the absence of contraindications, strict use of
EBMs can produce significant clinical benefits for patients
with RI, similar to those in patients with normal renal function;
meanwhile, the drug side effects are not as severe as previously
thought.1,9,17,25 Therefore, it is necessary to increase treatment
with EBMs in this patient population. However, little scientific
evidence exists regarding secondary prevention in patients with
CAD and concomitant RI. Currently, many problems are still
unresolved; for example, in the selection of a target population,
it is not clear which patients should strictly use EBMs and which
patients can less strictly use these medications. Depending on
the risk of RI and drug side effects, strict use of optimized

Medicine � Volume 95, Number 6, February 2016
cardiovascular death, eGFR¼ estimated glomerular filtration rate,
t applicable, STEMI¼ST-segment elevated myocardial infarction.
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forced use of optimized secondary prevention therapy for CAD
may outweigh the benefits obtained. Therefore, the assessment
of the risk-benefit tradeoff becomes very complicated when
patients with different severities of CVD and states of cardiac
function develop different severities of RI. All of these unan-
swered questions need to be clarified through more in-depth
studies in the future.

There were several limitations of this study. First, the
current study was a single-center observational study; therefore,
it was difficult to completely avoid selection bias and con-
founding factors. Second, the sample size is relatively small in
this study, and the test power was insufficient to perform certain
subgroup analyses. For example, few patients were included
with an eGFR <30 mL/min, which made it difficult to perform
more in-depth analyses, as this group is currently the largest
challenge for cardiologists and nephrologists and has less
research evidence exists for this group of patients. In addition,
the sample size of patients with regular dialysis was also small,
making it difficult to perform statistical analyses; therefore,
these patients were not included in the current study. Further-
more, we did not perform a subgroup analysis for patients with
different ages, sexes, or cardiac functions. Third, the study only
recorded the first measurement of the SCr level of patients on
admission; therefore, it was difficult to avoid measurement bias.
However, it is also difficult to repeat 2 or more measurements
for a large sample of patients at hospital admission, and this is
an inherent limitation for a real-world clinical research. Mean-
while, the SCr levels might substantially change in some
patients during hospitalization and the follow-up treatment after
discharge. However, the current study could not fully reflect the
adjustments of drug treatments due to changes in SCr levels and
the subsequent clinical effect. In summary, given the above
inherent limitations, the results of the current study should be
interpreted cautiously. However, according to the existing
research evidence, inadequate use of EBMs exists among
patients with CAD and concomitant RI. This fact may be closely
related to the poor long-term prognosis of this patient popu-
lation. To our knowledge, there have been no reports of large-
sample randomized controlled trials that have examined this
specific problem. High-quality research reports are needed to
provide more clinical evidence and experience for the use of
EBMs in patients with CAD and concomitant RI.

CONCLUSION
A higher percentage of patients with CAD and concomi-

tant RI suffered from CVD risk factors, whereas a lower
percentage of these patients used EBMs to prevent CVD events.
Strict use of EBMs, including beta-blockers, statins, and ACEIs
or ARBs, can lead to more clinical benefits, even for patients
with CAD and concomitant RI. Thus, treatment of this patient
population with EBMs should be stressed.
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