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Abstract
Coronary artery disease (CAD) is a life-threateningmedical emergency which needs urgent medical attention. Percutaneous coronary
intervention (PCI) is common and necessary for patients with CAD. The effect of hypercholesterolemia and diabetes on long-term
outcomes in patients with stable CAD receiving PCI is unclear.
In this study, patients with stable CAD who underwent PCI were prospectively divided into 4 groups according to the presence or

absence of diabetes or hypercholesterolemia. Clinical characteristics, risk factors, medications, angiographic findings, and outcome
predictors were analyzed and long-term outcomes compared between groups.
Of the 1676 patients studied, those with hypercholesterolemia and diabetes had the highest all-cause mortality rate after PCI

(P< .01); those with diabetes only had the highest cardiovascular (CV) mortality (P< .01). However, the 4 groups did not differ in rates
of myocardial infarction (MI) or repeated PCI. In Kaplan–Meier survival analysis, patients with diabetes only had the highest rates of all-
cause mortality and CV mortality (both P< .001). In the Cox proportional hazard model, patients with both hypercholesterolemia and
diabetes had the highest risk of all-cause mortality (hazard ratio: 1.70), but groups did not differ in rates of MI, CV mortality, and
repeated PCI.
With or without hypercholesterolemia, diabetes adversely impacts long-term outcomes in patients receiving PCI. Diabetes mellitus

seemed to be amore hazardous outcome predictor than hypercholesterolemia. Hypercholesterolemia and diabetes seemed to have
an additive effect on all-cause mortality in patients after receiving PCI.

Abbreviations: ACEI= angiotensin-converting enzyme inhibitor, ARB= angiotensin receptor blocker, BB= beta-blockers, BMI=
body mass index, BMS = bare-metal stent, CABG = coronary artery bypass graft, CAD = coronary artery disease, CCB = calcium
channel blockers, CKD= chronic kidney disease, CPP= central pulse pressure, CV= cardiovascular, DES= drug-eluting stent, HDL
= high-density lipoprotein, LAD = left anterior descending artery, Lcx = left circumflex artery, LDL = low-density lipoprotein, LVEF =
left ventricular ejection fraction, MI = myocardial infarction, PCI = percutaneous coronary intervention, SYNTAX score = Synergy
between PCI with Taxus and cardiac surgery score, TG = triglyceride.
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1. Introduction

Percutaneous coronary intervention (PCI) is an important
therapeutic strategy in patients with coronary artery disease
(CAD). Diabetes mellitus (DM) and hypercholesterolemia are
major risk factors for coronary atherosclerosis, and also affect
outcomes inCADpatients undergoing PCI.[1–5] The impact ofDM
on outcomes has been well studied in patients with acute coronary
syndrome (ACS) undergoing PCI. After undergoing PCI, diabetic
patients with ACS had worse short-term and mid-term outcomes
than nondiabetic patients with ACS[6–9]. On the other hand,
elevated low-density lipoprotein (LDL) level on admission is
associated with increased in-hospital mortality in diabetic, but not
nondiabetic, patients treatedwith PCI for ST-segment (the segment
connects the QRS complex and T wave in electrocardiography)
elevation myocardial infarction.[10] However, the isolated and
combined effect of hypercholesterolemia and DM on long-term
prognosis in stable CAD patients undergoing PCI is still obscure.
The purpose of this study is to clarify and to compare long-term
outcomes among 4 groups of patients: patients with both DM and
dyslipidemia, with DM only, with dyslipidemia only, and without
dyslipidemia or DM. In addition, we also aimed to perform an
advanced analysis to identify the adverse predictors of clinical
outcomes among these 4 groups.
2. Methods

2.1. Study population

This was a prospective cohort study from 2007 to 2015. We
recruited consecutive patients with stable CAD aged 20 to 85
years from the inpatient clinic of Taichung Tzu Chi Hospital,
Taiwan. All patients were divided into 4 groups: patients without
DM or hypercholesterolemia (control group), patients with DM
alone, patients with hypercholesterolemia alone, and patients
with both hypercholesterolemia andDM. Patients with scheduled
PCI, end-stage heart failure, and malignancy were excluded from
this study. Most patients received regular follow-up through the
outpatient department. For the few patients lost to follow-up, a
telephone call was usually used to contact the patients or their
families. For each patient, a survey of cardiovascular (CV)
mortality, all-cause mortality, myocardial infarction (MI), and
repeated PCI procedures was conducted at the end of the study.
The study was approved by the Institutional Review Board of
Taichung Tzu Chi Hospital. All methods were performed in
accordance with the relevant guidelines and regulations. The data
were collected, reviewed, de-identified, and anonymously ana-
lyzed by the authors, and written informed consent was obtained
from all participants.
2.2. Data synthesis, definition, and analysis

Data collected included general clinical characteristics, including
body habitus; biochemical profiles; coronary angiographic
findings from cardiac catheterization; exposed risk factors;
therapeutic strategies such as drug medications prescribed after
PCI; and invasive procedures, including balloon angioplasty,
bare metal stent deployment, or drug-eluting stent (DES)
deployment. Diabetes was defined as a fasting plasma glucose
level of >126mg/dL, or a casual plasma glucose level of >200
mg/dL, or a hemoglobin A1c level of >6.5%.[11] Hypercholes-
terolemia was defined as a serum cholesterol level of>200mg/dL
or an LDL level of >100mg/dL.[12,13] Hypertension (HT) was
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defined as a usual blood pressure (BP) of 140/90mm Hg or
higher, BP levels for which the benefits of pharmacologic
treatment have been definitely established.[14] Chronic kidney
disease (CKD) was defined as an estimated glomerular filtration
rate of <60mL/min/1.73m2, which was equal to or greater than
CKD stage 3.[15] Left ventricular function was evaluated through
angiographic ventriculography or nuclear ventriculography. For
the angiographic and hemodynamic data, the central aortic
pressure was obtained by using a pigtail catheter during a
coronary angiography. Coronary angiographic findings were
analyzed, including number of diseased vessels, number of
lesions, and lesion locations; lesion location, severity, and
complexity were evaluated via the Synergy between PCI with
Taxus and cardiac surgery score (SYNTAX score).[16] Baseline
characteristics, risk factors, angiographic findings, and types of
PCI strategies were compared. The primary end-points including
all-cause mortality, CV mortality, MI, and repeated PCI were
also analyzed among the 4 groups. The beginning of follow-up
was the date of index PCI procedure, and the duration of follow-
up was from its beginning through December 2016 or the
occurrence of any of the above primary end-points.
2.3. Statistical analysis

The analysis was used primarily to assess differences among
groups. Analysis of variance was used to test continuous variables,
and Chi-squared test or Fisher exact test was used to test
categorical variables. Log-rank test andKaplan–Meier curveswere
used to compare survival differences among groups. The Cox
proportional hazards model was used to examine the effect of
independent variables on hazards, and hazard ratio (HR)was used
to describe the relative risk. P< .05 was considered significant. All
analyses were performed using the statistical package SPSS for
Windows, Version 23.0 (IBM Corp, Armonk, NY).
3. Results

During the 8-year study period, a total of 1676 patients with
stable CAD who underwent a successful PCI procedure were
enrolled. Among them, 445 patients in the control group had
neither DM nor hypercholesterolemia, 376 patients had DM
alone, 536 patients had hypercholesterolemia alone, and the
remaining 319 patients had both DM and hypercholesterolemia.
Patients with DM alone had the shortest follow-up time (control
group, 41.8±23.1 months; hypercholesterolemia alone, 51.2±
27.5 months; DM alone, 41.1±23.8 months; and both
hypercholesterolemia and diabetes, 45.8±27.8 months; P< .01).
General characteristics of the study groups are listed in Table 1.

There was no difference in age or body habitus among the 4
groups. As for the hemodynamic parameters, patients with both
DM and hypercholesterolemia had the highest central pulse
pressure (CPP) compared with patients in the other groups
(P< .01). As for baseline biochemistry, patients with DM alone
had the lowest cholesterol levels, the lowest LDL levels, and the
worst renal function (all P< .01). Demographic data for the study
population are shown on Table 2. Female and HT were more
likely in patients with DM and hypercholesterolemia (both
P< .01). However, patients with DM alone had the highest
prevalence of CKD andwere the least likely to be current smokers
(both P< .01). In terms of medication after PCI, we found that
patients with DM alone had the lowest rate of aspirin use
(P< .01), whereas patients with both hypercholesterolemia and



Table 1

General characteristics of the study population among groups.
Study groups

Variable Control (N=445) HC (N=537) DM (N=377) HC and DM (N=320) P

Age (years) 65.5±12.4 62.1±12.5 65.1±10.9 64.0±11.5 .12
Weight (kg) 66.5±12.6 68.5±12.5 67.4±12.8 68.1±13.8 .51
Height (cm) 1.62±0.08 1.63±0.09 1.62±0.09 1.62±0.09 .56
BMI (kg/m2) 25.2±3.9 25.7±3.7 25.7±3.8 25.9±4.3 .51
CSP (mm Hg) 132.0±22.7 135.9±22.8 137.3±25.9 141.5±26.0 .05
CDP (mm Hg) 72.0±12.9 74.8±13.0 70.6±13.3 72.5±13.8 .42
CPP (mm Hg) 60.0±19.5 61.1±19.1 66.7±22.6 69.0±23.6 <.01

∗

Cholesterol (mg/dL) 152.1±30.1 203.8±36.5 146.7±29.7 201.8±42.0 <.01
∗

HDL (mg/dL) 41.1±16.0 40.3±16.5 36.7±14.1 37.9±16.2 .10
TG (mg/dL) 13.4±101.4 158.8±99.3 152.5±104.5 172.5±118.8 .11
LDL (mg/dL) 83.6±26.8 131.7±31.5 79.6±23.2 129.1±32.1 <.01

∗

Creatinine (mg/dL) 1.6±1.9 1.3±1.4 2.5±3.0 2.0±2.2 <.01
∗

BMI=body mass index, CDP=central aortic diastolic pressure, CPP= central aortic pressure, CSP= central aortic systolic pressure, DM=diabetes mellitus, HC=hypercholesterolemia, HDL=high-density
lipoprotein, LDL= low-density lipoprotein, TG= triglyceride.
∗
Significant.

Table 2

Demographics of the study population, and medications prescribed after index percutaneous coronary intervention among groups.

Study groups
Variable Control (N=445) HC (N=536) DM (N=376) HC and DM (N=319) P

Gender <.01
∗

F 99 (22.3%) 123 (23.0%) 119 (31.7%) 107 (33.5%)
M 346 (77.7%) 413 (77.0%) 257 (68.3%) 212 (66.5%)

Hypertension <.01
∗

No 205 (46.1%) 240 (44.8%) 138 (36.7%) 93 (29.1%)
Yes 240 (53.9%) 296 (55.2%) 238 (53.3%) 226 (70.9%)

Current smoker <.01
∗

No 271 (60.8%) 288 (53.7%) 268 (71.3%) 217 (68.0%)
Yes 174 (39.2%) 248 (46.3%) 108 (28.7%) 102 (32.0%)

Previous MI .47
No 292 (65.6%) 348 (64.9%) 231 (61.4%) 213 (66.8%)
Yes 153 (34.4%) 188 (35.1%) 145 (38.6%) 106 (33.2%)

CKD <.001
∗

No 240 (53.9%) 357 (66.6%) 157 (41.8%) 154 (48.3%)
Yes 205 (46.1%) 179 (33.4%) 219 (58.2%) 165 (51.7%)

Stroke history .07
No 415 (93.3%) 514 (95.9%) 345 (91.8%) 297 (93.1%)
Yes 30 (6.7%) 22 (4.1%) 31 (8.2%) 22 (6.9%)

CABG history .14
No 442 (99.3%) 535 (99.8%) 373 (99.2%) 314 (98.4%)
Yes 3 (0.7%) 1 (0.2%) 3 (0.8%) 5 (1.6%)

Aspirin .02
∗

No 50 (11.2%) 35 (6.5%) 43 (11.4%) 26 (8.1%)
Yes 395 (88.8%) 501 (93.5%) 333 (88.6%) 293 (91.9%)

P2Y12 inhibitors .60
No 80 (18.0%) 85 (15.9%) 56 (14.9%) 48 (15.0%)
Yes 365 (82.0%) 451 (84.1%) 320 (85.1%) 271 (85.0%)

Diuretics <.01
∗

No 351 (78.9%) 450 (84.0%) 285 (76.0%) 226 (70.8%)
Yes 94 (21.1%) 86 (16.0%) 91 (24.0%) 93 (29.2%)

BB .59
No 257 (57.8%) 292 (54.5%) 200 (53.2%) 176 (55.2%)
Yes 188 (42.2%) 244 (45.5%) 176 (46.8%) 143 (44.8%)

CCB .46
No 308 (69.2%) 370 (69.0%) 244 (64.9%) 211 (66.1%)
Yes 137 (30.8%) 166 (31.0%) 132 (35.1%) 108 (33.9%)

ACEI .35
No 361 (81.1%) 413 (77.0%) 305 (81.1%) 253 (79.3%)
Yes 84 (18.9%) 123 (23.0%) 71 (18.9%) 66 (20.7%)

ARB .06
No 345 (77.5%) 405 (75.6%) 275 (73.1%) 221 (69.3%)
Yes 100 (22.5%) 131 (24.4%) 101 (26.9%) 98 (30.7%)

Statin <.01
∗

No 360 (80.9%) 238 (44.4%) 294 (78.2%) 180 (56.4%)
Yes 85 (19.1%) 298 (55.6%) 82 (21.8%) 139 (43.6%)

Fibrate .22
No 414 (93.0%) 513 (95.7%) 349 (92.8%) 299 (93.7%)
Yes 31 (7.0%) 23 (4.3%) 27 (7.2%) 20 (6.3%)

ACEI=angiotensin-converting enzyme inhibitor, ARB= angiotensin receptor blocker, BB=beta-blockers, CABG history=history of coronary artery bypass graft, CCB= calcium channel blocker, CKD= chronic
kidney disease, DM=diabetes mellitus, HC=hypercholesterolemia, P2Y12 inhibitor=P2Y12 receptor inhibitor of platelet, previous MI=history of previous myocardial infarction.
∗
Significant.
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Table 3

Demography of angiographic findings and outcome among groups.

Study groups

Variable Control (N=445) HC (N=536) DM (N=376) HC and DM (N=319) P

Follow-up time (months) 41.8±23.1 51.2±27.5 41.1±23.8 45.8±27.8 <.01
∗

Number of diseased vessel <.01
∗

Single vessel disease 248 (55.7%) 272 (50.8%) 146 (38.8%) 129 (40.4%)
Dual vessel disease 121 (27.2%) 153 (28.5%) 131 (34.8%) 94 (29.5%)
Triple vessel disease 76 (17.1%) 111 (20.7%) 99 (26.4%) 96 (30.1%)

Mean of treated vessels 1.2±0.5 1.3±0.5 1.3±0.5 1.3±0.5 .05
Mean of treated lesions 1.4±0.7 1.5±0.8 1.6±0.8 1.6±0.8 .13
SYNTAX score 10.0±7.4 10.7±7.6 11.8±8.6 12.1±8.4 <.01

∗

LVEF 0.6±0.1 0.6±0.1 0.6±0.2 0.6±0.2 .34
CPP 59.9±19.4 61.1±19.1 66.7±22.6 69.0±23.6 .02

∗

Type of intervention
Balloon angioplasty 163 (36.6%) 161 (30.0%) 129 (34.3%) 92 (28.8%) .05
BMS deployment 174 (39.1%) 246 (45.9%) 148 (39.4%) 123 (38.6%) .07
DES deployment 161 (36.2%) 192 (35.8%) 158 (42.0%) 141 (44.2%) .03

∗

MI .26
Yes 15 (3.4%) 16 (3.0%) 18 (4.8%) 17 (5.3%)
No 430 (96.6%) 520 (97.0%) 358 (95.2%) 302 (94.7%)

CV death <.01
∗

Yes 32 (7.2%) 19 (3.5%) 41 (10.9%) 27 (8.5%)
No 413 (92.8%) 517 (96.5%) 335 (89.1%) 292 (91.5%)

All-cause death <.01
∗

Yes 55 (12.4%) 37 (6.9%) 53 (14.1%) 50 (15.7%)
No 390 (87.6%) 499 (93.1%) 323 (85.9%) 269 (84.3%)

Re-PCI .34
Yes 98 (22.0%) 140 (26.1%) 94 (25.0%) 87 (27.3%)
No 347 (78.0%) 396 (73.9%) 282 (75.0%) 232 (72.7%)

BMS=bare metal stent, CPP= central pulse pressure, DES=drug-eluting stent, DM=diabetes mellitus, HC=hypercholesterolemia, LAD= left anterior descending artery, Lcx= left circumflex artery, LVEF= left
ventricular ejection fraction, MI=myocardial infarction, re-PCI= repeated percutaneous coronary intervention, SYNTAX score=Synergy between PCI with Taxus and cardiac surgery score.
∗
Significant.
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DM had the highest rate of diuretics use (P< .01). Besides the
control group, patients with DM alone had the lowest usage of
statins after PCI (P< .01).
Results of the angiographic findings and clinical outcomes are

shown in Table 3. From the angiographic findings, patients with
DM alone had the highest prevalence of double-vessel disease,
while triple vessel disease was found most frequently in patients
with both hypercholesterolemia and DM (P< .01). Patients with
both hypercholesterolemia and DM also had the highest
SYNTAX score (P< .01). As for adverse outcomes, patients
with DM had the highest rate of CV mortality (P< .01) whereas
patients with both hypercholesterolemia and DM had the highest
rate of all-cause mortality (P< .01); however, the 4 groups had no
significant difference inMI or repeated PCI rates. Figure 1 reveals
the cumulated rate of freedom from MI, CV death, all-cause
death, and repeated PCI among the 4 groups. Based on the
Kaplan–Meier survival curve, freedom from all-cause mortality
and CV mortality were lowest in the group with both
hypercholesterolemia and DM, and the DM alone group,
respectively (both P< .001). Figure 1 also showed the cumulative
rate of freedom fromMI, CV-death, all-cause death, and repeated
PCI among 4 groups. Freedom from all-cause death, CV death
was lowest in the DM alone group (both P< .001).
An outcome analysis from the Cox proportion hazard model

for MI, all-cause death, CV death, and repeated PCI is listed in
Table 4. Compared with the control group, patients with both
hypercholesterolemia and DM carried the highest risk for all-
cause mortality (HR:1.70, 95% confidence interval:1.07–2.68,
P< .05). In addition, we found that previous MI and SYNTAX
4

scores were both predictors of MI (HR: 2.80 and 1.03,
respectively). Age, previous MI, presence of CKD, and SYNTAX
score were all predictors of all-cause mortality (HR: 1.04, 2.92,
2.56, and 1.03, respectively). Use of beta-blockers (BB),
angiotensin-converting enzyme inhibitors (ACEI), and statins
could reduce the risk (HR: 0.60, 0.54, 0.44, respectively). Age,
previous MI, presence of CKD, SYNTAX score, and usage of
P2Y12 receptor inhibitors of platelet (P2Y12 inhibitors) were the
predictors of CVmortality (HR: 1.03, 3.75, 1.82, 1.03, and 2.23,
respectively). DES deployment, usage of BB, ACEI, and statins
could reduce the risk of CV mortality (HR: 0.56, 0.58, 0.46, and
0.51, respectively). Finally, smoking, previous MI, and presence
of CKD were associated with repeated PCI (HR: 1.56, 1.29, and
1.54, respectively), whereas usage of ACEI could reduce the risk
of repeated PCI (HR: 0.66).
4. Discussion

Hypercholesterolemia and diabetes seemed to have an additive
effect on all-cause mortality in patients with CAD after receiving
PCI. However, whether comorbid with hypercholesterolemia or
not, diabetes still had an adverse impact on long-term outcomes.
In addition, we found that previous MI and SYNTAX scores
were predictors of MI attack. Age, previous MI, presence of
CKD, and SYNTAX score were all predictors of all-cause
mortality; BB, ACEI, and statin use could reduce the risk of all-
cause mortality. Age, previous MI, presence of CKD, SYNTAX
score, and usage of P2Y12 inhibitors were predictors of CV
mortality; DES deployment, usage of BB, ACEI, and statins could



Figure 1. (A) Cumulative ratio of freedom from RMI between 4 groups (P= .029). (B) Cumulative ratio of freedom from all-death between 4 groups (P< .001). (C)
Cumulative ratio of freedom from CV-death between 4 groups (P< .001). (D) Cumulative ratio of freedom from re-PCI between 4 groups (P= .003). CV =
cardiovascular, DM = diabetes mellitus, PCI = percutaneous coronary intervention, RMI = recurrence of myocardial infarction.

Lin et al. Medicine (2019) 98:34 www.md-journal.com
reduce this risk. Smoking, previous MI, and the presence of CKD
were associated with repeated PCI, but usage of ACEI could
reduce the risk of repeated PCI.
In our study, there was no difference in age or body habitus

among the 4 groups. Patients with hypercholesterolemia alone
and patients with both hypercholesterolemia and DM had higher
serum cholesterol and LDL levels than those in the other 2
groups. In addition, whether comorbid with hypercholesterol-
emia or not, DM patients had higher creatinine levels than those
in the other 2 groups. Other studies have found DM associated
with development of CKD in older adults.[17] Secondly,
compared with patients with hypercholesterolemia, patients
with both DM and hypercholesterolemia had a higher CPP,
suggesting that DM has an additive effect on the progression of
arterial stiffness in patients with hypercholesterolemia. Previous
studies have shown that elevated CPP had a negative impact on
CV outcomes in patients with HT and patients with CAD after
undergoing a PCI procedure.[18,19] The groups with DM included
more females and CKD cases, therefore they used diuretics more
frequently than the other groups; while the group with both
hypercholesterolemia and DM included more HT cases, there
was no difference as for anti-HT agents usage compared with the
other 3 groups. Also, the group with DM alone had the lowest
serum total cholesterol and LDL levels; it also used statins less
5

frequently than the other 3 groups. Although statin use when
LDL is less than 70mg/dL has been found to improve CV
outcomes in CAD patients after ACS,[20] it is still unclear whether
statin use may improve outcomes in DM patients with normal
cholesterol and LDL levels.
In addition, patients with DM alone and those with both

hypercholesterolemia and DM had higher rates of multivessel
disease and higher SYNTAX scores; they also had a higher rate of
DES usage during PCI. Compared with patients with hypercho-
lesterolemia alone, patients with both hypercholesterolemia and
DM had a significantly higher risk of developing multivessel
disease. However, when compared with patients with DM alone,
patient with both hypercholesterolemia and DM did not have a
significantly higher risk of developing multivessel disease
(P= .003). However, when compared with patients with DM
alone, patient with both hypercholesterolemia and DM did not
have a significant risk of developing multivessel disease (P= .28).
This result is in contrast to a previous study, which observed a
significantly higher risk of developing multivessel disease in
patients with both DMand CKD, as compared with patients with
DM alone.[21] DM seemed to increase the risk of developing
multivessel disease in patients with hypercholesterolemia, but
hypercholesterolemia seemed not to increase this risk in patients
with DM. Moreover, the 4 groups did not differ in terms of

http://www.md-journal.com


Table 4

Significant predictors of outcome in Cox proportion hazard model for myocardial infarction, all-death, cardiovascular-death, and
repeated percutaneous coronary intervention.

Variables MI
∗

All-death† CV-death‡ Repeated PCIx

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

Variables
Control 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
HC 0.83 (0.38–1.79) 0.81 (0.49–1.32) 0.74 (0.39–1.40) 0.84 (0.62–1.13)
DM 1.41 (0.68–2.92) 1.20 (0.77–1.87) 1.45 (0.85–2.48) 1.12 (0.81–1.53)
HC and DM 1.51 (0.70–3.28) 1.70 (1.07–2.68)jj 1.47 (0.81–2.65) 1.09 (0.79–1.51)

Age 1.01 (0.99–1.04) 1.04 (1.02–1.05)¶ 1.03 (1.01–1.05)¶ 1.00 (0.99–1.01)
Smoking 0.77 (0.43–1.37) 0.81 (0.56–1.17) 0.93 (0.59–1.47) 1.56 (1.25–1.95)¶

Previous MI 2.80 (1.56–5.00)¶ 2.92 (2.02–4.21)¶ 3.75 (2.37–6.02)¶ 1.29 (1.02–1.68)jj

CKD 1.28 (0.70–2.33) 2.56 (1.67–3.91)¶ 1.82 (1.09–3.04)jj 1.54 (1.20–1.96)¶

Stroke 1.51 (0.60–3.85) 1.56 (0.94–2.61) 1.45 (0.77–2.76) 0.89 (0.52–1.52)
CPP 1.01 (0.99–1.02) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 0.82 (0.62–1.10)
Syntax score 1.03 (1.01–1.06)jj 1.03 (1.01–1.05)¶ 1.03 (1.01–1.05)¶ 1.00 (0.99–1.02)
DES 0.54 (0.28–1.03) 0.70 (0.47–1.03) 0.56 (0.34–0.91)jj 1.14 (0.90–1.44)
Aspirin 1.39 (0.49–3.91) 0.97 (0.60–1.56) 1.42 (0.71–2.86) 1.64 (1.00–2.70)
P2Y12 inhibitor 1.55 (0.70–3.44) 1.02 (0.63–1.64) 2.23 (1.01–4.95)jj 1.34 (0.97–1.85)
BB 1.32 (0.79–2.21) 0.60 (0.42–0.86)¶ 0.58 (0.37–0.90)jj 1.22 (0.99–1.51)
CCB 0.95 (0.51–1.77) 0.70 (0.46–1.07) 0.60 (0.34–1.05) 1.01 (0.80–1.27)
ACEI 0.82 (0.45–1.50) 0.54 (0.36–0.81)¶ 0.46 (0.27–0.78)¶ 0.66 (0.50–0.86)¶

Statin 0.54 (0.29–1.02) 0.44 (0.28–0.70)¶ 0.51 (0.30–0.89)jj 0.79 (0.63–1.00)

ACEI= angiotensin-converting enzyme inhibitor, BB=beta-blockers, CCB=calcium channel blocker, CKD= chronic kidney disease, CI= confidence interval, CPP= central pulse pressure, DES=drug-eluting
stent, DM=diabetes mellitus, HC=hypercholesterolemia, previous MI=previous history of myocardial infarction, P2Y12 inhibitor=P2Y12 receptor inhibitor of platelet, SYNTAX score=Synergy between
Percutaneous PCI with Taxus and cardiac surgery score.
∗
MI model: y=bdummyDH1+bdummyDH2+bdummyDH3+bMI+bstroke+bstatin+bsyntax.

† All-death model: y=bdummyDH1+bdummyDH2+bdummyDH3+bage+bCKD+bMI+bstroke+bbeta-blockers+bstatin+bsyntax.
‡ CV-death model: y=bdummyDH1+bdummyDH2+bdummyDH3+bMI+bstroke+bdiuretics+bbeta-blockers+bACEI+bstatin+bsyntax.
x Repeated PCI model: y=bdummyDH1+bdummyDH2+bdummyDH3+bMI+bsmoking+bbeta-blockers+bsyntax.
jj P< .05.
¶ P< .01.
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treated number of vessels and lesions; thus, whether with
hypercholesterolemia or not, the presence of multivessel disease
and high SYNTAX score in DM patients may affect long-term
mortality. Patients with DM alone had the highest rate of CV
mortality, while patients with both hypercholesterolemia and
DM had the highest rate of all-cause mortality. Although statin
use was not rare in patients with both hypercholesterolemia and
DM, they still had a higher prevalence of multivessel disease,
along with a higher SYNTAX score, and a higher prevalence of
CKD, which may cancel out the benefit of statin therapy. In other
studies, the usage of statins in patients with ACS could improve
long-term outcomes,[22–24] but the long-term benefit in stable
CAD patients undergoing PCI remains to be clarified. On the
other hand, compared to patients with hypercholesterolemia
alone, patients with DM alone had an increased rate of all-cause
mortality and CV mortality. We found patients with DM alone
had a higher incidence of multivessel disease and CKD (both
P< .001), along with higher SYNTAX scores compared with
patients with hypercholesterolemia alone (P= .042). As has been
stated, endothelial dysfunction and inflammation lead to the
progression of atherosclerosis in patients with DM as well as
patients with hypercholesterolemia[25,26]; whether the 2 con-
ditions have an additive effect on endothelial dysfunction and
aggravation of inflammation remains to be determined.
Nevertheless, there were several limitations in this study. First,

the intensity of medication, such as tight lipid control and tight
blood glucose control, were not surveyed in this study, which may
affect long-term outcomes. Second, data entry bias cannot be ruled
out; since functional or anatomic evaluations of the atherosclerotic
lesions such as fraction flow reserve or intravascular ultrasound
6

were not routinely used in this study, index PCI enrollment may
have been affected. Third, since the number of patients with both
hypercholesterolemia and DM was fewer than that of the other
groups, the study power may have been affected. Fourth, since the
future event rate in patients with stable CAD undergoing PCI is
lower than that of patients with ACS, inadequate follow-up time
cannot be excluded in this study.
In conclusion, whether comorbid with hypercholesterolemia or

not, diabetes has an adverse impact on long-term outcomes in
patients with stable CAD receiving PCI. DM seemed to be a more
hazardous outcome predictor than hypercholesterolemia. Hyper-
cholesterolemia and diabetes seemed to have an additive effect on
all-cause mortality in patients after receiving PCI.
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