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Abstract

zation for refractory or unstable angina, and other causes

Background: Lifestyle modification is suggested for patients with coronary artery disease (CAD), but the impact of adherence to
a healthy lifestyle remains undetermined. The aim of this study is to investigate the association of adherence to a healthy lifestyle
with future outcomes and biochemical markers in CAD patients.

Methods: The Biosignature CAD study examined 716 CAD patients who underwent a percutaneous coronary intervention (PCl).
Information was collected on whether these patients adhered to a healthier lifestyle after PCI, including healthy diet, not smoking,
and exercise. The clinical outcomes included major cardiovascular events and unplanned revascularization procedures, hospitali-

Results: The average follow-up period was 26.8 + 8.1 months, during which 175 (24.4%) patients experienced at least one event.
The combination of healthy lifestyle factors was associated with lower risk, and the maximum risk reduction reached 50% (hazard ratio:
0.50, 95% confidence interval: 0.25-0.99). As the number of healthy lifestyle factors increased, there were decreases in inflammatory
markers, C-reactive protein, waist circumference, low-density lipoprotein cholesterol, and the ratio of total cholesterol to high-density
lipoprotein (HDL) cholesterol (o < 0.05). The benefits of modifiable healthy lifestyle factors were especially observed in the younger
population, males, patients with HDL <40mg/dL, those with reduced left ventricular ejection fraction, and those receiving statin therapy.
Conclusion: Adherence to a healthy lifestyle is independently associated with a lower risk of future adverse events in CAD patients
and plays an important role in secondary prevention in the era of interventional cardiology.
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1. INTRODUCTION

Coronary artery disease (CAD) is associated with an increased
risk of morbidity and mortality. To reduce future cardiovas-
cular complications, patients are encouraged to adopt lifestyle
modifications and undergo pharmacological therapy to prevent
atherosclerotic complications. Great efforts have been made to
prevent cardiovascular disease (CVD), but the occurrence of
adverse events remains a concern, including acute coronary syn-
drome, stroke, revascularization procedures, and cardiovascular
death. Furthermore, there is particular concern for patients who
have received coronary angioplasty. Therefore, it is important to
reduce residual risk in this high-risk population.
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Most studies have focused on the effectiveness of pharma-
cological treatment for secondary prevention in the context of
CAD. Recently, adherence to a healthy lifestyle has attracted
attention and has been encouraged for primary prevention of
CVD. Low-risk healthy lifestyle factors have been associated
with a lower risk of developing cardiovascular events, and the
combined benefit has been observed in the primary prevention
for CVD in Caucasian populations."? Such factors include not
smoking, physical activity, and healthy diet habits. Recently, Lv
et al’ reported that adherence to healthier modifiable lifestyle
factors is also associated with a lower CVD burden in primary
prevention in Chinese individuals. Thus, a healthy lifestyle is
important for CVD prevention in Asian populations well.

Interestingly, most observations have been on the benefits of
combined healthy lifestyle factors in primary prevention, but
there is limited information about their effects in secondary pre-
vention. Furthermore, after coronary intervention, it is recom-
mended that patients receive aggressive medical therapy, such
as statins and antiplatelet therapy, but the risk of developing
adverse events remains higher than in the general population.
Although education for lifestyle modification is usually provided
for CAD patients in daily practice, the impact of maintaining a
healthy lifestyle for secondary prevention in stable CAD patients
has remained undetermined, and the information is limited for
Asian populations.*’ Additionally, the relationship between a
healthy lifestyle and biochemical profiles in CAD patients is also
unclear.

In the current study, we prospectively examined the joint
association of healthy lifestyle factors with the future risk of
adverse cardiovascular events in an Asian cohort of CAD
patients after coronary intervention — the Taiwan Biosignature
CAD study.® The long-term cardiovascular outcomes were ana-
lyzed to evaluate whether adherence to healthy lifestyle factors
are independently associated with reduced risk of future events.
Our findings could provide real-world evidence of the impact
of a healthy lifestyle on secondary prevention in CAD patients
after percutaneous coronary intervention (PCI).

2. METHODS

2.1. Study population

The Biosignature study was a nationwide prospective cohort
study that was conducted to identify risk factors among CVD
patients who were in stable condition at baseline.®’ In brief,
a series of stable CAD patients were evaluated at nine differ-
ent medical centers located in Northern, Central, Southern,
and Eastern Taiwan. The patients were evaluated if they had
a history of significant CAD documented by coronary angio-
gram, a history of myocardial infarction (MI), or a history of
angina with ischemic ECG changes or a positive response to
a stress test.

The patients were enrolled according to the following crite-
ria: (1) successful PCI with either coronary stenting or balloon
angioplasty at least once and (2) stability on medical treatment
for at least 1 month before enrollment. To collect biochemical
parameters in stable condition, patients were excluded if (1)
they had acute-phase cardiovascular events, including hospi-
talization for unstable angina, acute coronary syndrome, acute
MI, acute cerebrovascular events, or other acute cardiovascu-
lar events within 3 months before enrollment; (2) they planned
to receive further coronary revascularization or interventional
procedures for another condition in the following year; (3) they
had significant malignancy or tumors requiring advanced medi-
cal or surgical therapy in the following year; (4) they had other
major systemic CVDs requiring hospitalization or operation
in the following year; or (5) they were unable or unwilling to
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be followed-up in the following year. This study was approved
by the institutional research boards and ethics committees in
each hospital. All patients gave written informed consent before
entering the study.

2.2. Baseline data collection

After enrollment, specially trained study nurses and qualified
cardiologists collected all data prospectively whenever feasible.
Baseline characteristics were collected and included risk factors
such as the history of hypertension, diabetes, smoking habits,
and medications used. In addition, biochemical profiles were
recorded, including blood glucose, lipid profile, and renal func-
tion. Dietary information and exercise frequency were deter-
mined at baseline using a structured questionnaire. Healthy
lifestyle factors were analyzed and included a healthy diet, not
smoking, and regular exercise habits.

A healthy diet pattern was determined according to the
guidelines of the American Heart Association and the American
College of Cardiology on lifestyle management to reduce cardio-
vascular risk.!® These guidelines emphasize an increased intake
of vegetables, fruits, whole grains, legumes, healthy protein
sources (low-fat dairy products, low-fat poultry (without the
skin), fish/seafood, and nuts), as well as nontropical vegetable
oils, along with limited intake of sweets, sugar-sweetened bever-
ages, and red meats. The healthy diet pattern was assessed using
a food frequency questionnaire according to the recommended
Food Score developed in 2000 by Kant et al,'* which follows the
guidelines mentioned.

Nonsmoking status was assigned to those who had never
smoked or had quit smoking >6 months prior.> Regular active
exercise was defined as exercise episodes lasting for at least 30
minutes and occurring more than five times a week.!? Patients
without any of these three healthy lifestyle factors were defined
as the unhealthy lifestyle group. Subjects were evaluated at
3-month intervals in an outpatient clinic. Subjects with a healthy
lifestyle were defined as those who adhered to lifestyle factors
(not smoking, healthy diet, and adequate exercise) during the
follow-up period for >50% of the time. A similar definition
of dietary habit adherence has been reported previously.” The
information about lifestyle factors was collected and confirmed
regularly by the same study nurses throughout the follow-up
period.

2.3. Ethics approval and consent to participate

The study complied with the Declaration of Helsinki and was
approved by the appropriate Health Authorities, independent
Ethics Committees, the Joint IRB Ethics Committee Review
Board in Taiwan, and Independent Review Boards in each
hospital (Taipei Veterans General Hospital, Taipei, Taiwan;
Cheng-Hsin General Hospital, Taipei, Taiwan; E-Da Hospital,
Kaohsiung, Taiwan; Far Eastern Memorial Hospital, New
Taipei City, Taiwan; Kaohsiung Medical University Hospital
and Kaohsiung Medical University, Kaohsiung, Taiwan;
Mackay Memorial Hospital, Mackay Medical College, New
Taipei City, Taiwan; China Medical University Hospital,
Taichung, Taiwan; Buddhist Tzu-Chi General Hospital, Tzu-
Chi University, Hualien, Taiwan; National Taiwan University
College of Medicine and Hospital, Taipei, Taiwan). All
patients had to provide written informed consent before
enrollment.

2.4. Clinical follow-up for adverse cardiovascular events

Each patient was initially in stable condition under medi-
cal treatment and was prospectively followed up in individual
hospital clinics at regular 3-month intervals for at least 1 year
after enrollment. The development of adverse cardiovascular
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events was identified and recorded during follow-up. Such
events included cardiovascular death, nonfatal MI, nonfatal
stroke, unplanned revascularization procedures, hospitalization
for refractory or unstable angina, and hospitalization for other
causes (including stroke, transient ischemic attack, and periph-
eral arterial occlusive disorder).

MI was confirmed if ischemic symptoms presented with
elevated serum levels of cardiac enzyme or characteristic ECG
changes. Coronary revascularization procedures with either PCI
or coronary artery bypass grafting (CABG) were confirmed by
reviewing medical records. Stroke was defined as a new neuro-
logical deficit lasting for at least 24 hours with definite image
evidence of a cerebrovascular accident according to magnetic
resonance imaging or computed tomography scans. The proto-
col for the follow-up of cardiovascular events was similar to
those reported in previous studies.®% 1314

2.5, Statistics

Data are expressed as the means = SDs for numerical vari-
ables and as numbers (percentages) for categorical variables.
Continuous variables were compared between groups through
an analysis of variance. Bonferroni correction was used to adjust
for multiple tests. Subgroup comparisons of categorical varia-
bles were conducted using a y? test or Fisher’s exact test. Patients
with event occurrence were compared to those without events.
A multivariate Cox regression analysis was performed to esti-
mate the association of individual healthy lifestyle factors and
joint effects with the risk of future adverse events after adjust-
ing for variables including age, gender, body mass index (BMI),
hypertension, diabetes, stroke, CAD severity, medications, lipid
profiles, and inflammatory markers.

3. RESULTS

3.1. Patient characteristics

The study enrolled a total of 716 CAD patients who underwent
a coronary intervention and had information on lifestyle factors.
There were 610 (85.2%) male patients, 466 (65.1%) patients
who had hypertension, 264 (36.9%) patients who had diabetes,
16 (2.23%) patients who had stroke, and 177 (24.7%) patients
who had a family history of hypertensive CVD. Table 1 shows
the patients’ baseline characteristics.

With regard to lifestyle issues, 444 (62%) patients adhered to
dietary suggestions for CAD patients, including eating low-fat
diets with more vegetables, fruit, fish, whole grains, and olive oil
during the follow-up period. Furthermore, 330 (46.1%) patients
were nonsmokers, and 347 (48.5%) patients had regular exer-
cise habits of at least 30 minutes per day for >5 days per week.
Pharmacologic treatments included angiotensin-converting
enzyme (ACE) inhibitors or angiotensin II receptor blockers
(ARBs) (66.2%), B-blockers (58.9%), calcium channel blockers
(35.9%), diuretics (12.7%), and statins (70.5%).

Table 2 shows the events that occurred in the average follow-
up period of 26.8 = 8.11 months. A total of 175 (24.4%) of
the 716 patients experienced at least one event. The major clini-
cal events that occurred during follow-up are summarized in
Table 2. There were 12 cardiac deaths, 22 nonfatal Mls, and 123
readmissions for revascularization procedures. Furthermore,
four patients developed stroke, and 14 patients suffered conges-
tive heart failure.

Table 3 compares the baseline characteristics between those
who had adverse cardiovascular events and those who did not.
Patients with events had fewer nonsmokers (35% vs 49%,
p = 0.001), less active exercise (38.3% vs 51.8%, p = 0.002),
less ACE inhibitor/ARB use (60% vs 68%, p = 0.046),
and higher rates of triple vessel disease (40.1% vs
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Baseline characteristics of CAD patients with coronary
intervention

n=716
Age (year) 66.5 +12.1
Male, n (%) 610 (85.2)
BMI (Kg/m?) 26.29 + 4.76
Hypertension, n (%) 466 (65.08)
DM, n (%) 264 (36.9)
Family history of CAD, n (%) 177 (24.7)
History of stroke, n (%) 16 (2.2
Waist (cm) 93.92 +9.85
Adherence to healthy lifestyle
Healthy diet, n (%) 444 (62.01)
No smoking, n (%) 330 (46.09)
Active exercise, n (%) 347 (48.46)
Systolic BP (mmHg) 129.49 £+ 17.15
Diastolic BP (mmHg) 73.53 +£12.30
LVEF (%) 55.22 +12.47
Glucose (mg/dL) 120.62 + 45.87
Cholesterol (mg/dL) 161.08 + 34.16
LDL-C (mg/dL) 93.23 +28.00
HDL-C (mg/dL) 42.21 +11.00
Triglyceride (mg/dL) 130.17 £ 80.49
TC/HDL-C ratio 4.02+1.19
CAD severity
LM, n (%) 42(7.7)
LAD, n (%) 434 (79.3)
LCX, n (%) 298 (54.5)
RCA, n (%) 325 (59.4)
SVD, n (%) 178 (32.5)
DVD, n (%) 186 (34.0)
TVD, n (%) 169 (30.9)
Stent (n) 1.59 + 0.91
Average length of stent (mm) 22.12 £ 6.09
Average diameter of stent (mm) 311055
Medication
Anti-platelet, n (%) 653 (91.20)
ACE inhibitor/ARB, n (%) 474 (66.20)
{B-blocker, n (%) 422 (58.94)
Calcium channel blocker, n (%) 257 (35.89)
Diuretics, n (%) 91 (12.71)
Statin, n (%) 505 (70.53)

Values are mean + SD, or n (%).

ACE = angiotensin converting enzyme; ARB = angiotensin Il receptor blocker; BMI = body mass
index; DVD = double vessel disease; HDL-C = high density lipoprotein cholesterol; LAD = left anterior
descending; LCX = left circumflex; LDL-C = low density lipoprotein cholesterol; LM = left main; LVEF
= left ventricle ejection fraction; RCA = right coronary artery; SVD = single vessel disease; TC = total
cholesterol; TVD = triple vessel disease.

Cardiovascular events during follow-up

Clinical events n

Cardiac death 12
Nonfatal myocardial infarction 22
Nonfatal stroke 4
Revascularization 123
Congestive heart failure 14
All cardiovascular events 175

27.5%, p = 0.005) and diuretic use (17.7% vs 11.1%,
p = 0.022). Although the results did not achieve statistical sig-
nificance, patients without events tended to have healthy diet
habits (63.6% vs 57.1%, p = 0.127).
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Comparison of patients with and without future cardiovascular
events

Event (=), Event (+),
n =541 n=175
N % N % p

Age 0.493

0-64 251 46.4 87 49.7

65-74 132 24.4 45 25.7

=75 158 29.2 43 24.6
Male gender 463 85.6 147 84 0.608
Hypertension 354 65.4 112 64 0.729
DM 193 35.7 71 40.6 0.243
Family history of CAD 132 24.4 45 25.7 0.726
History of stroke 10 1.8 6 3.4 0.219
CAD severity

SVD 135 33.8 43 29.3 0.320

DVD 142 35.5 44 29.9 0.223

TVD 110 27.5 59 401 0.005
Lifestyle parameters

Healthy diet 344 63.6 100 57.1 0.127

No cigarette smoking 268 49.5 62 35.4 0.001

Active exercise 280 51.8 67 38.3 0.002
Medication

Anti-platelet 490 90.6 163 93.1 0.297

ACE inhibitor/ARB 369 68.2 105 60 0.046
[3-blocker 313 57.9 109 62.3 0.300
Calcium channel blocker 203 37.5 54 309 0.110

Diuretics 60 1141 31 17.7 0.022

Statin 385 71.2 120 68.6 0.513

ACE = angiotensin converting enzyme; ARB = angiotensin Il receptor blocker; DVD = double vessel
disease; SVD = single vessel disease; TVD = triple vessel disease.

3.2. Effects of healthy lifestyle factors on biochemical and
inflammatory profiles

Table 4 shows the baseline characteristics, biochemical pro-
files, and inflammatory markers according to the number of
healthy lifestyle factors adhered to in the study population.
There was a significant trend of lower serum levels of high-
sensitivity C-reactive protein as the number of healthy lifestyle
factors increased. Notably, waist circumference, low-density
lipoprotein (LDL) cholesterol, and the ratio of total cholesterol
to high-density lipoprotein (HDL) cholesterol also decreased
gradually as the number of healthy lifestyle factors increased
(p < 0.05) (Fig. 1). The modifiable healthy lifestyle factors
were associated with improved inflammatory status and bio-
medical profiles with a dosing effect. In addition, patients with
more healthy lifestyle factors tended to be female and older.
Regarding CAD severity, although patients without HLF had
more triple vessel disease, there was no significant difference
in the number of affected sites of coronary vessels among the
various HLF groups.

3.3. Effects of healthy lifestyle factors on the risk of future
cardiovascular events

To further investigate the potential impact of different lifestyle
factors on future risk, the effects of modifiable healthy lifestyle
factors were analyzed in all study patients, including healthy
diet, active exercise, and no cigarette smoking. Table 5 shows
the combined effects of healthy lifestyle factors in relation to
the future risk of cardiovascular events adjusted for comorbidi-
ties, age, gender, history of hypertension, diabetes and medica-
tions (statins, ACE inhibitors/ARB, B-blockers, calcium channel
blockers, and diuretics). Not smoking (hazard ratio [HR]: 0.59,
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95% confidence interval [CI]: 0.41-0.83) and active exercise
(HR: 0.66, 95% CI: 0.48-0.90) were independently associated
with lower risks of future events in CAD patients after PCIL.

Regarding the joint effects of a healthy lifestyle, the risk of
future events decreased gradually as the number of healthy
lifestyle factors increased, and all three healthy lifestyle factors
were associated with a maximum risk reduction of 38% for
future adverse events (HR: 0.38, 95% CI: 0.20-0.72) (Fig. 2).
The subgroup analysis showed that the benefits of combined
modifiable healthy lifestyle factors are especially pronounced
in younger patients, males, patients with HDL <40mg/dL,
those reduced left ventricular ejection fraction (LVEF < 50%),
and those receiving statin therapy. These findings indicate that
adherence to a healthy lifestyle was associated with lower risk
of future coronary heart disease in high-risk CAD patients
(Fig. 3A and B).

4. DISCUSSION

The major findings of the present study show that adherence to
healthy lifestyle factors, especially not smoking and active physi-
cal activity, could be associated with significantly decreased risk
of future cardiovascular events in an Asian cohort of stable CAD
patients after PCI. Furthermore, the risk decreased as the num-
ber of healthy lifestyle factors increased. Additionally, inflam-
matory markers, waist circumference, LDL cholesterol, and the
ratio of total cholesterol to HDL cholesterol gradually decreased
as the number of healthy lifestyle factors increased.

These findings showed a dose-dependent beneficial effect of
combined healthy lifestyle factors in secondary prevention for
CAD. The subgroup analysis showed that the benefits of com-
bined modifiable healthy lifestyle factors are especially pro-
nounced in the younger population, males, those with HDL
<40 mg/dL, those with reduced LVEF, and those receiving statin
therapy. These results indicate that adherence to a healthy life-
style was associated with lower risk of future coronary heart
disease in high-risk CAD patients.

Adherence to healthy lifestyles has been suggested to reduce
clinical risk factors. Intensive lifestyle modification by nurse
managers with a treatment protocol was examined in the
COURGE trial. The intervention decreased the proportion of
smokers (from 23% to 19%), increased physical activity (walk
>150 minutes per week from 58% to 66%), increased the rate
of consuming <7% of calories from saturated fat from 46% to
80%, and significantly decreased blood pressure and LDL." In
another study in India, a community worker-based intervention
for adherence to drug and lifestyle changes after acute coronary
syndrome resulted in improvement of clinical risk markers as
well (BP, weight, lipid profiles, and BMI).'® Both of these stud-
ies showed that lifestyle modification significantly improved
clinical parameters that are considered to contribute to adverse
outcomes.

The current study is just an observational study and not
an intervention study with a lifestyle-modification proto-
col. Nevertheless, we observed benefits if patients with CAD
maintained recommended healthy lifestyles (healthier diet,
not smoking, and actively exercise). Similarly, Booth et al'”
observed that adherence to healthy lifestyles (especially smok-
ing cessation, physical activity, and Mediterranean diet) was
associated with a lower risk of recurrent CHD and death
in patients after MI, PCI, and CABG. The present not only
showed an association between lower risk of future adverse
outcomes and maintaining healthy lifestyle, but also an asso-
ciation between increasing healthy behaviors and improve-
ment of clinical risk factors and inflammatory markers. These
results provide evidence linking lifestyle modification and
benefits of CV risk reduction.
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Baseline characteristics of CAD patients according to the adherence of healthy lifestyle factors (HLF)
No HLF One HLF Two HLFs Three HLFs
n=282 n=239 n=2303 n=92 * **p for trend

Age 61.3+14.3 66.0 +12.1 67.02 +11.28 70.30 +11.39 <0.0001 <0.0001
Male, n (%) 79 (96.3) 204 (85.4) 257 (84.82) 70 (76.09) 0.0027 0.001
BMI (Kg/m?) 26.3+39 26.9+6.3 25.98 + 3.63 25.77 +4.02 0.1299 0.0801
Hypertension, n (%) 49 (59.8) 156 (65.3) 198 (65.35) 63 (68.48) 0.6814 0.296
Diabetes, n (%) 32 (39.0) 95 (39.9) 111 (36.63) 26 (28.26) 0.2668 0.0975
Waist (cm) 95.8+9.9 94.7+109 93.50 +9.23 91.57 + 8.51 0.0168 0.0016
CAD severity

SVD, n (%) 20 (31.9) 57 (31.3) 81(35.37) 20 (27.40) 0.6025 0.9554

DVD, n (%) 12 (19.1) 73 (40.1) 70 (30.6) 31 (42.5) 0.005 0.1458

TVD, n (%) 29 (46.03) 50 (27.5) 72 (31.4) 18 (24.7) 0.0277 0.0624

Number of affected sites (n) 217 +1.10 2.02+0.87 2.00 +0.94 1.90+0.82 0.3958 0.1172
Systolic BP (mmHg) 127.9+194 128.9 + 16.8 130.72 £ 17.39 128.35 £ 15.07 0.3982 0.4509
Diastolic BP (mmHg) 721 +12.5 73.0+12.3 74.62 +12.56 72.63 +11.11 0.2151 0.3157
LVEF (%) 54.0+14.4 56.0 +13.9 54.74 +11.48 56.08 +10.48 0.8368 0.7958
Glucose (mg/dL) 127.5+49.7 122.0 +48.3 119.84 + 46.31 113.47 £ 32.20 0.2242 0.0441
Cholesterol (mg/dL) 160.6 + 34.4 164.2 +34.5 157.89 + 33.23 163.88 + 35.58 0.1552 0.6049
LDL-C (mg/dL) 95.6 +25.0 96.7 +29.3 89.97 +27.29 92.73 + 28.60 0.0378 0.0476
HDL-C (mg/dL) 385+89 415+99 4283 +11.84 45.27 +11.52 0.0003 <0.0001
Triglyceride (mg/dL) 139.5 + 88.7 1342 +77.4 127.39 £ 79.49 120.60 + 83.76 0.3409 0.0676
TC/HDL-C ratio 44+13 412+1.18 3.91+1.18 3.81+1.14 0.0037 0.0003
Creatinine 1.7+22 143 +1.62 1.29+1.27 117 1.1 0.0515 0.0073
CRP 0.19(0.02-6.41) 0.16 (0.02-13.08) 0.13(0.02-13.08) 0.11(0.02-2.73) 0.1414 0.0228
Medication

ACE inhibitor/ARB, n (%) 49 (59.76) 161 (67.36) 204 (67.33) 0 (65.22) 0.5981 0.5249

[B-blocker, n (%) 53 (64.63) 135 (56.49) 188 (62.05) 6 (50.00) 0.1146 0.299

Calcium channel blocker, n (%) 27 (32.93) 81(33.89) 117 (38.61) 2 (34.78) 0.625 0.432

Diuretics, n (%) 4(17.07) 30 (12.55) 38 (12.54) 9(9.78) 0.5457 0.2147

Statin, n (%) 59 (71.95) 173 (72.38) 210 (69.31) 63 (68.48) 0.8303 0.4074
All cardiovascular events, n (%) 32 (39.02) 71 (29.71) 58 (19.14) 4(15.22) <0.0001 <0.0001
Cardiac death, n (%) 1(1.22) 6 (2.51) 4(1.32) 1(1.09) 0.673 0.5436
Nonfatal MI, n (%) 5(6.10) 7(2.93) 7(2.31) 3(3.26) 0.3708 0.2623

Nonfatal stroke, n (%) 1(1.22) 1(0.42) 2 (0.66) — — —

Revascularization, n (%) 25 (30.49) 47 (19.67) 41 (13.53) 10 (10.87) 0.0008 0.0001

Values are mean + SD, or n (%).
*p-valve between groups; **p-value for trend for increasing healthy lifestyle parameters.

ACE = angiotensin converting enzyme; ARB = angiotensin Il receptor blocker; BMI = body mass index; CRP = C-reactive protein; DVD = double vessel disease; HDL-C = high density lipoprotein cholesterol;
LDL-C = low density lipoprotein cholesterol; LVEF = left ventricle ejection fraction; Ml = myocardial infarction; SVD = single vessel disease; TC = total cholesterol; TVD = triple vessel disease.

CVD is the leading cause of death in developed countries, and
many treatment strategies have been suggested to reduce future
events. Among the different treatment strategies, a healthy life-
style has been encouraged for all patients, but the benefits are
not easy to assess because of uncertainties regarding compli-
ance. The EUROASPIRE IV study revealed that a large num-
ber of patients with coronary heart disease do not follow the
guidelines for secondary prevention and have a high prevalence
of persistent smoking, unhealthy diets, and physical inactivity.'®

Our findings showed that greater lifestyle benefits with regard
to CVD risk came from not smoking and exercise rather than
from diet. Although a healthy diet was not found to be inde-
pendently associated with reduced risk of adverse events, the
three combined HLDs, including a healthy diet, still showed the
maximum risk reduction of 50% when these three factors were
all present. Interestingly, nearly all clinical trials from the 1960s
through to the 1980s that examined diets with low total fat, low
saturated fat, low dietary cholesterol, and increased polyunsatu-
rated fat found significantly decreased serum cholesterol levels
but failed to document a decrease in cardiovascular events.!?
This finding calls into question the importance of dietary con-
trol. However, recent studies on Mediterranean-style diets,
which are characterized by vegetables, fruit, fish, whole grains,
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and olive oil, have shown that this approach reduces cardiovas-
cular events to a greater degree than low-fat diets with benefits
equal to or greater than statin therapies.?! This suggests that a
Mediterranean-style diet is helpful for secondary prevention in
CAD patients.

Our observations showed that active physical activity was
independently associated with a 32% risk reduction after con-
sidering comorbidities, disease severity, and medications, thus
supporting the benefit of active physical activity for secondary
prevention. Although there was strong evidence showing an
inverse dose-response relationship between physical activity and
mortality, the evidence for patients with preexisting CAD was
still limited. Recently, Jeong et al*? reported a benefit of physi-
cal activity on mortality reduction in an Asian population and
showed that individuals with CVD may benefit from physical
activity to a greater extent than healthy subjects without CVD.
All of their findings supported that there is benefit in high-risk
populations.

The association between nonsmoking and future risk fol-
lowed the same trends. Among the three lifestyle factors, not
smoking provided the highest risk reduction for patients with
pre-existing CAD in the present study. The benefit is not limited
to cardiovascular death: large-scale cohort studies have reported

Www.ejcma.org
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Fig. 1 Association of biomedical profiles and inflammation markers with the presence of healthy lifestyle factors: (A) waist; (B) glucose (mg/dL); (C) TC/HDL-C
ratio; (D) HDL-C (mg/dL); (E) triglyceride (mg/dL); (F) CRP (mg/dL). CRP = C-reactive protein; HDL-C = high density lipoprotein cholesterol; TC = total cholesterol.

that smoking is related to deaths from various types of cancer,
diabetes, chronic obstructive pulmonary disorder, and pneumo-
nia.?? Furthermore, the most important finding is that the risk
declined as the number of years since quitting smoking increased
among former smokers. This attests to the importance of smok-
ing cessation, especially among high-risk CAD patients.

Our results demonstrated a joint effect of lifestyle modifica-
tion, with the greatest risk reduction occurring in patients with
high risk. This finding is in concordance with recent studies

www.ejcma.org

showing that CVD risk is inversely associated with the number
of healthy behavior changes adopted by diabetic patients?* and a
Chinese population.? Our results supported the beneficial effects
of healthy behaviors on cardiovascular risk reduction® for sec-
ondary prevention among CAD patients receiving PCI and fur-
ther demonstrate the benefits for high-risk patients in particular.

It has been reported that diet and lifestyle can reduce CRP
levels and the waist-to-hip ratio.?¢ Patients with coronary heart
disease and comorbid depression, behavioral interventions for
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Effects of healthy lifestyle factors (healthy diet, not smoking, and active exercise) on future risk of total cardiovascular events in
patients with coronary artery disease

Healthy lifestyle factors

Event/persons
(event rate %)

Crude HR

HR (95%Cl)
model 1

HR (95%Cl),
model 2

Healthy diet

No smoking

Active exercise

With 0 healthy lifestyle factor
With 1 healthy lifestyle factor
With 2 healthy lifestyle factor
With 3 healthy lifestyle factor
p-trend

100/444 (57.1%)
62/340 (35.4%)
67/347 (38.3%)

32/82 (39.2%)
71/239 (29.7%)
58/303 (19.1%)

14/92 (15.2%)

0.80 (0.59-1.07) p=0.13

0.61(0.44-0.83) p< 0.01

0.61 (0.45-0.83) p< 0.01

1 (reference)
0.72(0.47-1.09)
0.43(0.28-0.67)
0.33(0.18-0.62)
<0.01

0.76 (0.56-1.02) p=0.07
0.59 (0.41-0.83) p< 0.01
0.65 (0.48-0.89) p < 0.01
1 (reference)
1.00 (1.00-1.00)
0.73 (0.48-1.11)
0.45(0.29-0.70)
<0.01

0.79 (0.58-1.07) p=0.13
0.59 (0.41-0.83) p< 0.01
0.66 (0.48-0.90) p=0.01
1 (reference)
0.78 (0.51-1.19)
0.48 (0.31-0.75)
0.38(0.20-0.72)
<0.01

Crude HR: NO adjusted.
Model 1: adjusted with age, gender, history of hypertension, and diabetes.

Model 2: adjusted with age, gender, history of hypertension, diabetes, and medications (statin, ACE inhibitor/ARB, -blocker, calcium channel blocker, diuretics).

Cl = confidence interval; HR = hazard ratio.

Incidence rate per
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Fig. 2 Risk and incidence of total future cardiovascular events in patients according to adherence to healthy lifestyle factors including healthy diet, no cigarette

smoking, and active exercise.

smoking, and lack of exercise may have significantly attenuated
risk for MI or death.?” In addition, the current findings further
showed that serum triglycerides and the ratio of total choles-
terol to HDL cholesterol decreased gradually as the number of
healthy lifestyle factors increased (p < 0.05). This finding sug-
gests an association between a healthy lifestyle and favorable
lipid profiles.

Accordingly, a healthy lifestyle may be critical for baseline
inflammation status and cardiovascular risk factors in either
primary or secondary cohorts. Even when considering lipid
profiles, medications, and inflammatory makers, lifestyle modi-
fication was still independently associated with a lower risk of
future adverse events. Therefore, efforts to improve cardiovascu-
lar risk factors by adopting a healthy lifestyle could be essential
for secondary prevention in all CAD patients for both Asian and
Western people.

Our study has several limitations. First, a study nurse con-
firmed the adherence to lifestyle factors, especially dietary
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information, during the follow-up period. The diet components
were not consumed in isolation, and multiple interacting food
components and the consistency of adherence may have affected
the dietary benefits for secondary prevention. Furthermore,
the Western dietary recommendations were not designed for
Taiwanese people.

Second, because the adherence to a healthy lifestyle was
not randomized, a causal relationship between a healthy life-
style and CVD risk cannot be established. Third, a healthy life-
style and smoking cessation may change an individual’s body
weight. Although our study did not record body weight during
each clinic visit, a recent study reported that smoking cessation
was accompanied by substantial weight gain. Increasing body
weight after smoking cessation increases the risk of type 2 dia-
betes, which peaks 5 to 7 years after quitting smoking and then
gradually decreases.”® However, the weight gain did not increase
the mortality risk and did not mitigate the benefits of quitting
smoking on reducing cardiovascular and all-cause mortality.?®

Www.ejcma.org
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Fig. 3 Risk and number of healthy lifestyle factors among study population with variable subgroups (A and B).

The definition of regular exercise was modified from one sug-
gestion of 150 minutes per week of moderate intensity. The defi-
nition may not represent all activities, and there is no consensus,
especially for Asian CAD populations. Finally, the current study
was an observational cohort study, not an intervention study.
Thus, a rehabilitation program was not included, and the impact
of cardiac rehabilitation was not estimated.

www.ejcma.org

The evidence suggests that adherence to a healthy lifestyle,
especially a healthy diet and not smoking, was associated with
significantly reduced risk of future cardiovascular events in sta-
ble CAD patients. Furthermore, biomedical and inflammatory
serum profiles were negatively correlated with an increased num-
ber of healthy lifestyle factors. Accordingly, a healthy lifestyle,
even in the presence of standard medication, could be critical for
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Fig. 3 Continued.

clinical outcomes in Chinese patients with PCI. A healthy lifestyle
has prognostic significance beyond medical control in terms of
biomedical and inflammatory profiles. Thus, future clinical stud-
ies should be conducted to refine the potential role of lifestyle
modification for secondary prevention in patients with CVD.

ACKNOWLEDGMENTS

The project of searching for the biosignature of stable CAD
patients has been sponsored by Academia Sinica since 2012
(Project code: BM10501010039).

REFERENCES

1. Akesson A, Larsson SC, Discacciati A, Wolk A. Low-risk diet and lifestyle
habits in the primary prevention of myocardial infarction in men: a popula-
tion-based prospective cohort study. | Am Coll Cardiol 2014;64:1299-306.

604

. Chomistek AK, Chiuve SE, Eliassen AH, Mukamal KJ, Willett WC,

Rimm EB. Healthy lifestyle in the primordial prevention of cardiovascu-
lar disease among young women. | Am Coll Cardiol 2015;65:43-51.

. Lv],Yu C, Guo Y, Bian Z, Yang L, Chen Y, et al; China Kadoorie Biobank

Collaborative Group. Adherence to healthy lifestyle and cardiovascular
diseases in the Chinese population. ] Am Coll Cardiol 2017;69:1116-25.

. Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH, Pedersen O.

Multifactorial intervention and cardiovascular disease in patients with
type 2 diabetes. N Engl | Med 2003;348:383-93.

. Alvarez-Bueno C, Cavero-Redondo I, Martinez-Andrés M, Arias-

Palencia N, Ramos-Blanes R, Salcedo-Aguilar F. Effectiveness of mul-
tifactorial interventions in primary health care settings for primary
prevention of cardiovascular disease: a systematic review of systematic
reviews. Prev Med 2015;76(suppl):S68-75.

. Hsu CY, Tseng WK, Wu YW, Lin TH, Yeh HI, Chang KC, et al.

Circulating TNFSF14 (Tumor Necrosis Factor Superfamily 14) pre-
dicts clinical outcome in patients with stable coronary artery disease.
Arterioscler Thromb Vasc Biol 2019;39:1240-52.

Www.ejcma.org



Original Article. (2021) 84:6

7.

10.

11.

12.

13.

14.

15.

16.

Wu JR, Leu HB, Yin WH, Tseng WK, Wu YW, Lin TH, et al. The ben-
efit of secondary prevention with oat fiber in reducing future cardiovas-
cular event among CAD patients after coronary intervention. Sci Rep
2019;9:3091.

. Leu HB, Yin WH, Tseng WK, Wu YW, Lin TH, Yeh HI, et al. Impact of

type D personality on clinical outcomes in Asian patients with stable
coronary artery disease. | Formos Med Assoc 2019;118:721-9.

. Leu HB, Yin WH, Tseng WK, Wu YW, Lin TH, Yeh HI, et al. Identification

of new biosignatures for clinical outcomes in stable coronary artery dis-
ease - the study protocol and initial observations of a prospective follow-
up study in Taiwan. BMC Cardiovasc Disord 2017;17:42.

Eckel Robert H, Jakicic John M, Ard Jamy D, de Jesus Janet M,
Miller Nancy H, Hubbard Van S, et al. 2013 AHA/ACC Guideline
on lifestyle management to reduce cardiovascular risk. Circulation
2014;129(25_suppl_2):576-S99.

Kant AK, Schatzkin A, Graubard BI, Schairer C. A prospective study of
diet quality and mortality in women. JAMA 2000;283:2109-15.
Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et
al; ESC Scientific Document Group. 2016 European Guidelines on car-
diovascular disease prevention in clinical practice: the Sixth Joint Task
Force of the European Society of Cardiology and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice (constituted by
representatives of 10 societies and by invited experts) developed with
the special contribution of the European Association for Cardiovascular
Prevention & Rehabilitation (EACPR). Eur Heart | 2016;37:2315-81.
Leu HB, Lin CP, Lin WT, Wu TC, Chen JW. Risk stratification and prog-
nostic implication of plasma biomarkers in nondiabetic patients with
stable coronary artery disease: the role of high-sensitivity C-reactive pro-
tein. Chest 2004;126:1032-9.

Leu HB, Chung CM, Lin SJ, Lu TM, Yang HC, Ho HY, et al. A novel
SNP associated with nighttime pulse pressure in young-onset hyperten-
sion patients could be a genetic prognostic factor for cardiovascular
events in a general cohort in Taiwan. PLoS One 2014;9:¢97919.
Maron DJ, Boden WE, O’Rourke RA, Hartigan PM, Calfas KJ,
Mancini GB, et al; COURAGE Trial Research Group. Intensive mul-
tifactorial intervention for stable coronary artery disease: optimal
medical therapy in the COURAGE (clinical outcomes utilizing revas-
cularization and aggressive drug evaluation) trial. ] Am Coll Cardiol
2010;55:1348-58.

Xavier D, Gupta R, Kamath D, Sigamani A, Devereaux PJ, George
N, et al. Community health worker-based intervention for adherence
to drugs and lifestyle change after acute coronary syndrome: a multi-
centre, open, randomised controlled trial. Lancet Diabetes Endocrinol
2016;4:244-53.

www.ejcma.org

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

J Chin Med Assoc

Booth JN III, Levitan EB, Brown TM, Farkouh ME, Safford MM,
Muntner P. Effect of sustaining lifestyle modifications (nonsmoking,
weight reduction, physical activity, and Mediterranean diet) after heal-
ing of myocardial infarction, percutaneous intervention, or coronary
bypass (from the reasons for geographic and racial differences in stroke
study). Am | Cardiol 2014;113:1933-40.

Kotseva K, Wood D, De Bacquer D, De Backer G, Rydén L, Jennings C,
et al; EUROASPIRE Investigators. EUROASPIRE IV: a European Society
of Cardiology survey on the lifestyle, risk factor and therapeutic man-
agement of coronary patients from 24 European countries. Eur | Prev
Cardiol 2016;23:636-48.

Dalen JE, Devries S. Diets to prevent coronary heart disease 1957-2013:
what have we learned? Am | Med 2014;127:364-9.

Li S, Chiuve SE, Flint A, Pai JK, Forman JP, Hu FB, et al. Better diet
quality and decreased mortality among myocardial infarction survivors.
JAMA Intern Med 2013;173:1808-18.

Estruch R, Ros E, Salas-Salvadé J, Covas MI, Corella D, Ar6s F et al;
PREDIMED Study Investigators. Primary prevention of cardiovascular
disease with a Mediterranean diet. N Engl ] Med 2013;368:1279-90.
Jeong SW, Kim SH, Kang SH, Kim HJ, Yoon CH, Youn TJ, et al.
Mortality reduction with physical activity in patients with and without
cardiovascular disease. Eur Heart | 2019;40:3547-55.

Carter BD, Abnet CC, Feskanich D, Freedman ND, Hartge P, Lewis CE,
et al. Smoking and mortality—beyond established causes. N Engl | Med
2015;372:631-40.

Long GH, Cooper AJ, Warcham NJ, Griffin SJ, Simmons RK. Healthy
behavior change and cardiovascular outcomes in newly diagnosed type
2 diabetic patients: a cohort analysis of the ADDITION-Cambridge
study. Diabetes Care 2014;37:1712-20.

Chow CK, Jolly S, Rao-Melacini P, Fox KA, Anand SS, Yusuf S.
Association of diet, exercise, and smoking modification with risk of
early cardiovascular events after acute coronary syndromes. Circulation
2010;121:750-8.

Hébert JR, Wirth M, Davis L, Davis B, Harmon BE, Hurley TG, et al.
C-reactive protein levels in African Americans: a diet and lifestyle rand-
omized community trial. Am | Prev Med 2013;45:430-40.

Ye S, Muntner P, Shimbo D, Judd SE, Richman J, Davidson KW, et al.
Behavioral mechanisms, elevated depressive symptoms, and the risk
for myocardial infarction or death in individuals with coronary heart
disease: the REGARDS (reason for geographic and racial differences in
stroke) study. ] Am Coll Cardiol 2013;61:622-30.

Hu Y, Zong G, Liu G, Wang M, Rosner B, Pan A, et al. Smoking ces-
sation, weight change, type 2 diabetes, and mortality. N Engl | Med
2018;379:623-32.

605





