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Reduced Heart Function Predicts Drug-Taking Compliance 
and Two-Year Prognosis in Chinese Patients With Stable 

Premature Coronary Artery Disease
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Abstract

Background: The purpose of this study was to determine the asso-
ciation between heart function, compliance with drug administration, 
and the mid-term prognosis in Chinese patients with stable premature 
coronary artery disease (CAD) (male < 55 years and female < 65 
years).

Methods: The study included 512 patients with stable premature 
CAD. An estimated glomerular filtration rate (eGFR) calculated using 
the MDRD formula, baseline clinical characteristics, use of medica-
tions for coronary secondary prevention therapies (aspirin, β-blocker, 
angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin re-
ceptor blockers, or statins), and 2-year follow-up results, in particular 
major adverse cardiac events (MACEs), were collected and analyzed.

Results: Patients with reduced left ventricular ejection fraction 
(LVEF) (18.75%) were more prevalent among men, smokers, those 
with type 2 diabetes, with a family history of cardiovascular disease 
(CVD), and with higher white blood cells counts ((8.88 ± 0.35) × 
109/L vs. (6.90 ± 0.17) × 109/L) (all P < 0.05) compared to those 
with preserved LVEF. There was no significant difference between 
creatinine or eGFR values in the two groups with reduced and pre-
served LVEF (all P > 0.05). Patients with LVEF < 50% in the MACEs 
group had a lower ratio of optimal drug administration compared to 
the MACEs-free group (Z = -0.228, P = 0.820 and Z = -2.167, P = 
0.03 respectively). Patients with reduced LVEF had a significantly 
higher ratio of composite MACEs than patients with preserved LVEF 
during 2-year follow-up (47.13% vs. 33.50%, P < 0.05).

Conclusions: Stable premature CAD patients with reduced LVEF 
have more risk factors, lower medication compliance, and worse 
2-year outcomes than those with preserved LVEF.
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fraction; Drug-taking compliance; Major adverse cardiac events

Introduction

Cardiovascular diseases (CVDs), including coronary artery 
disease (CAD), stroke, and peripheral vascular disease, are the 
leading causes of death worldwide. Patients with premature 
CAD (males < 55 years and females < 65 years) belong to 
a special subgroup, and the incidence of CVD is expected to 
increase in the following few decades in China. These patients 
with risk factors, such as obesity, cigarette smoking, type 2 
diabetes mellitus (T2DM), hyperlipidemia, and family history 
of CVD, are at a higher risk for future cardiac death and worse 
outcomes including recurrent angina, recurrent myocardial in-
farction (MI), target vessel revascularization (TVR), and heart 
failure. Moreover, the impact of premature CAD on families is 
devastating [1].

Recently, significant advances in the treatment options for 
CAD have occurred, mainly related to the availability and im-
plementation of evidence-based guidelines. Clinical trials of 
primary prevention have shown that antihypertensive therapy 
is associated with a 30-40% reduction in the incidence of cer-
ebrovascular diseases within just a few years. Secondary pre-
vention programs could improve the process of care, reduce 
re-admission to hospitals, and enhance the quality of life or 
functional status of patients with CAD and/or heart failure [2]. 
Guidelines [3, 4] have been developed and regularly updated 
to ensure wider coverage for all eligible patients to receive op-
timal treatment and for secondary prevention.

However, use of drugs including aspirin, β-blockers, angi-
otensin-converting enzyme inhibitors (ACEIs)/angiotensin II 
receptor blockers (ARBs), and statins remains suboptimal for 
secondary prevention in most countries [5-8]. A survey con-
ducted in 22 European countries revealed that the use of car-
dioprotective medications among CAD patients was 78-91% 
for β-blockers, antiplatelets, and ACEIs/ARBs [5]. These data 
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are similar to those collected in the United States [6]. Available 
data from India show that aspirin is prescribed in 91% of pa-
tients, compared to β-blockers in 69%, ACEIs/ARBs in 82%, 
and statins in 69% of patients [7]. In China, patients with acute 
coronary syndrome (ACS) without heart failure had higher 
prescription rates than in Europe and India [8].

In actual practice, many CAD patients have reduced left 
ventricular ejection fraction (LVEF), which is an independent 
risk indicator for a worse prognosis and higher risk of future 
cardiac events. However, until today there remain minimal 
data on the use of guidelines for recommending drugs for sec-
ondary prevention among younger patients in China. Thus, our 
study was designed to assess the real status of the association 
between heart function (expressed by LVEF) and the adherence 
to secondary preventive medications and 2-year prognosis in 
patients with stable premature CAD in a Chinese population.

Methods

Study population

From January 2005 to May 2009, 512 patients with a con-
firmed diagnosis of stable premature CAD (men < 55 years of 
age and women < 65 years of age) were consecutively enrolled 

from Jiangsu province, China. All patients underwent elective 
coronary angiography for the evaluation of coronary stenosis, 
and patients with ≥ 50% stenosis in at least one main coronary 
artery were considered to have CAD. Patients with ACS, con-
genital heart disease, syndrome X, or severe liver or kidney 
disease were excluded from the study. The investigation con-
forms to the principles outlined in the Declaration of Helsinki. 
The Medical Ethics Committee of the Affiliated Zhongda Hos-
pital of Southeast University approved the study protocol, and 
written informed consent was obtained from all participants.

Determination of risk factors and data collection

A questionnaire was completed according to the medical re-
cords of all participants including CAD risk factors like hyper-
tension, T2DM, family history of CVD, and smoking status. 
Anthropometric measurements and blood pressure were deter-
mined according to standard protocols. Definition of hyper-
tension, T2DM, smoking, and calculation of body mass index 
(BMI) have been previously described [9]. Two-dimensional 
echocardiography was performed to calculate LVEF according 
to American College of Cardiology and American Heart As-
sociation guidelines [10].

Plasma concentrations of total cholesterol (TC), triglyc-
erides (TGs), high-density lipoprotein cholesterol (HDL-C), 

Table 1.  Baseline Characteristics of Study Population

Characteristics LVEF < 50% (n = 96) LVEF ≥ 50% (n = 416) P value
Age, years 51.98 ± 8.72 52.37 ± 8.33 0.605
BMI, kg/m2 25.20 ± 3.10 25.74 ± 2.87 0.113
Male, n (%) 63 (65.63) 147 (35.34) 0.000
Smoking, n (%) 34 (35.42) 101 (24.27) 0.026
Hypertension, n (%) 65 (67.71) 283 (68.03) 0.952
Type 2 diabetes mellitus, n (%) 25 (26.04) 71 (17.07) 0.042
Family history of CVD, n (%) 25 (26.04) 69 (16.59) 0.031
Single-vessel disease, n (%) 44 (45.83) 238 (57.21) 0.043
Multi-vessel disease, n (%) 52 (54.17) 178 (42.79) 0.043
Creatinine, µmol/L 87.33 ± 9.55 78.54 ± 2.83 0.239
eGFR, mL/min/1.73 m2 55.17 ± 14.77 57.44 ± 13.81 0.152
LDL-C, mmol/L 3.02 ± 0.11 2.92 ± 0.05 0.401
HDL-C, mmol/L 1.09 ± 0.04 1.15 ± 0.02 0.219
TG, mmol/L 1.56 ± 0.10 1.61 ± 0.06 0.710
apoA1, g/L 1.14 ± 0.09 1.11 ± 0.03 0.748
apoB, g/L 0.88 ± 0.03 0.84 ± 0.01 0.275
WBCs, × 109/L 8.88 ± 0.35 6.90 ± 0.17 0.000
Hemoglobin, g/L 136.71 ± 1.83 138.43 ± 0.83 0.376
FBS, mmol/L 6.65 ± 0.27 5.54 ± 0.09 0.002

Data are expressed as the number of individuals (percentage in parentheses) or the mean ± SD, as appropriate. apoA1: apolipoprotein A1; apoB: 
apolipoprotein B; BMI: body mass index; CAD: coronary artery disease; CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate; 
FBS: fasting blood sugar; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; LVEF: left ventricular ejection frac-
tion; MI: myocardial infarction; TG: triglyceride; WBCs: white blood cells.
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low-density lipoprotein cholesterol (LDL-C), apolipoprotein 
A1 (apoA1), apolipoprotein B (apoB), creatinine (Cr), white 
blood cell (WBC) counts, and hemoglobin (Hb) were deter-
mined using standard methods with an automatic chemical 
analyzer (Beckman Coulter Synchron Clinical System LX20, 
Fullerton, CA, USA). TG was measured directly when the 
results were > 4.52 mmol/L (400 mg/dL). An estimated glo-
merular filtration rate (eGFR) was calculated using the MDRD 
formula [11].

All patients were followed up from discharge to their first 
cardiac event or the end of the study period (April 30, 2011). 
The major follow-up issues were compliance with drug ad-
ministration and major adverse cardiac events (MACEs), in-
cluding recurrent angina, recurrent MI, TVR, re-admission for 
deteriorated heart failure and cardiac death. Treatment com-
pliance was defined as taking the same category of drugs at 
discharge during the follow-up period.

Statistical analyses

Statistical analyses were done using the SPSS 15.0 software 
(SPSS, Inc., Chicago, IL, USA). Continuous variables are ex-
pressed as mean ± SD, and the Student’s t-test or Chi-square 
test was used to analyze differences between the two study 
groups. Descriptive data are expressed as numbers and per-
centages. The significance of inter-group differences was ana-
lyzed using the Chi-square test. Trends in difference levels of 
types of drugs taken were assessed using the Wilcoxon rank 
sum test. Two-tailed P values < 0.05 were considered statisti-
cally significant.

Results

Baseline characteristics

The patient cohort consisted of 512 patients (mean age, 
52.29 ± 10.17) and 210 (41.02%) of them were male. Ninety-
six (18.75%) patients had reduced LVEF (< 50%), and 416 
(81.25%) had preserved LVEF (≥ 50%). Compared to patients 
with preserved LVEF, patients with reduced LVEF were more 
likely to be male and have a higher ratio for family history of 
CVD, smoking, T2DM, multi-vessel disease, higher levels of 
fasting blood sugar (FBS) and WBCs (all P < 0.05). However, 
no significant differences existed between the ratio of hyper-
tension and mean values of age, BMI, TG, LDL-C, HDL-C, 
apoA1, apoB, Cr, eGFR, and Hb between the two groups (all 
P > 0.05) (Table 1).

Drug treatment for secondary cardiovascular prevention

The use of drugs for secondary cardiovascular prevention is 
displayed in Table 2. Analyses revealed that there was a grad-
ual decrease in prescriptions for aspirin, β-blockers, ACEIs/
ARBs, and statins during the follow-up period compared to 
prescriptions at hospital discharge. For in-hospital, 1- and 
2-year follow-up, there was no significant difference in the 
use of drugs between the two groups. Meanwhile, compared 
to baseline data, the use of aspirin, β-blockers, and statins at 
1-year and the use of β-blockers and statins at 2-year follow-
up were lower within the preserved LVEF group (P < 0.05) 

Table 2.  Data on Drugs for Secondary Prevention at Baseline and During Follow-Up

LVEF < 50% (n† = 96/88/87) LVEF ≥ 50% (n† = 416/393/391) P value

Aspirin
  In-hospital, 512 92 (95.83%) 402 (96.63%) 0.710
  1-year, 481 83 (94.32%) 368* (93.64%) 0.812
  2-year, 478 82 (94.25%) 367 (93.86%) 0.890
β-blockers
  In-hospital, 512 83 (86.46%) 365 (87.74%) 0.723
  1-year, 481 73 (82.95%) 323* (82.19%) 0.865
  2-year, 478 71 (81.61%) 321* (82.10%) 0.915
ACEIs/ARBs
  In-hospital, 512 70 (72.92%) 301 (72.36%) 0.912
  1-year, 481 66 (75.00%) 289 (73.54%) 0.778
  2-year, 478 63 (72.41%) 285 (72.89%) 0.928
Statins
  In-hospital, 512 85 (88.54%) 371 (89.18%) 0.856
  1-year, 481 74 (84.09%) 332* (84.47%) 0.928
  2-year, 478 70 (80.46%) 317* (81.07%) 0.895

*P < 0.05, compared with in-hospital data within the LVEF ≥ 50% group. †The available number of patients in-hospital, and at 1- and 2-year follow-up. 
ACEIs: angiotensin-converting enzyme inhibitors; ARBs: angiotensin II receptor blockers; LVEF: left ventricular ejection fraction.
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(Table 2).

Relationship between LVEF, follow-up duration, and 
MACEs

During 1- and 2-year follow-up, there was no significant dif-
ference among any single MACEs between the two groups. 
However, compared to those with preserved LVEF, patients 
with low LVEF had a higher ratio of composite MACEs dur-
ing 2-year follow-up (47.13% vs. 33.50%, P < 0.05) (Table 3).

Relationship between drug-taking adherence and compos-
ite MACEs

When patients were divided into four groups according to the 
numbers for secondary preventive drugs consumed (aspirin, 
β-blockers, ACEIs/ARBs, and statins), the 2-year follow-up 
results showed patients with LVEF < 50% had a lower ratio of 
optimal drug administration in the MACEs group compared to 
the MACEs-free group (Z = -0.228, P = 0.820) (Table 4).

Discussion

The present study proved that stable premature CAD patients 
with reduced LVEF have more risk factors, lower compliance 
to drug administration, and worse 2-year outcomes than those 

with preserved LVEF.
Recently, the benefits of optimal medical care on the risks 

of MACEs have been demonstrated in clinical trials. Patients 
with prior MIs had a 43% increased risk of heart failure, and 
patients with lower LVEF values (41-50%) had a 41% in-
creased risk [12]. Even in young adults with an average LVEF 
(55-57%), every 10% drop in LVEF values predicted a sub-
stantial increase in mortality [13].

In our study, patients with reduced LVEF were more likely 
to be male, had a higher prevalence of family history of CVD, 
smoking, T2DM, multi-vessel disease, higher levels of FBS, 
and WBCs counts. Moreover, these patients had more com-
posite MACEs during 2-year follow-up, suggesting that their 
mid-term prognosis was poor. Therefore, more effective meas-
ures should be taken to control such modifiable risk factors 
as smoking, T2DM, and hypertension among stable premature 
CAD patients with low LVEF, including optimal medication 
usage and life-style interventions. Patients at risk for heart fail-
ure with LVEF ≤ 40% can make changes in their lifestyle to 
achieve similar medical and psychosocial benefit to those of 
patients with normal LVEF [14]. Also, a recent study showed 
that CAD patients with asymptomatic reduced LVEF could 
safely delay revascularization by lifestyle modification with-
out increased risk for cardiac events or overt heart failure for 
3 years [15].

Reduced kidney function is a risk factor for CVD develop-
ment and progression as reported in several studies, as well as 
in populations at high risk for CAD, and according to updated 
guidelines [16]. In the ARIC study, patients with eGFR < 60 

Table 3.  Follow-Up Results of Cardiovascular Events

LVEF < 50% (n† = 88/87) LVEF ≥ 50% (n† = 393/391) P value
Recurrent angina
  1-year 11 (12.50%) 46 (11.70%) 0.979
  2-year 14 (16.09%) 56 (14.32%) 0.799
Readmission for heart failure
  1-year 3 (3.41%) 7 (1.78%) 0.333
  2-year 5 (5.75%) 9 (2.30%) 0.085
Recurrent MI
  1-year 2 (2.27%) 5 (1.27%) 0.479
  2-year 4 (4.59%) 8 (2.05%) 0.169
TVR
  1-year 13 (14.77%) 41 (10.43%) 0.244
  2-year 17 (19.54%) 56 (14.32%) 0.221
Cardiac death
  1-year 1 (1.14%) 2 (0.05%) 0.245
  2-year 1 (1.15%) 2 (0.05%) 0.243
Composite MACEs
  1-year 30 (34.09%) 101 (25.70%) 0.084
  2-year 41 (47.13%) 131 (33.50) 0.017

†The available number of patients during 1- and 2-year follow-up. LVEF: left ventricular ejection fraction; MACEs: major adverse cardiac events; MI: 
myocardial infarction; TVR: target vessel revascularization.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org158

Reduced Heart Function in CAD J Clin Med Res. 2015;7(3):154-160

mL/min/1.73 m2 were at a high risk for developing heart fail-
ure no matter whether they had prevalent CAD or not [17]. The 
same results were demonstrated in the PEACE study [12]. Our 
primary study results show that serum uric acid level is nega-
tively associated with renal function, as assessed by eGFR, and 
serves as an independent predictor for chronic kidney disease 
in patients with stable CAD and T2DM [18], and chronic kid-
ney disease predicts poor prognosis in patients with stable pre-
mature CAD [9]. However, in the present study, mean eGFR 
was (55.17 ± 14.77) mL/min/1.73 m2 in the LVEF-decreased 
group and (57.44 ± 13.81) mL/min/1.73 m2 in the LVEF-pre-
served group, and no significant difference existed between the 
two groups, which suggests that the value of renal function 
assessment using eGFR might decrease among this specific 
cohort.

Guidelines based on evidence from randomized controlled 
trails recommend that aspirin, β-blockers, ACEIs/ARBs, and 
statins be used in all patients with or at risk of developing 
CAD [19]. It has been the consensus that, if used optimally, 
these agents could reduce long-term risks of cardiovascular 
events and mortality. Yet, use of secondary prevention thera-
pies remains low according to reports in the available litera-
ture [5-8]. Compared with the data described above, our study 
revealed a remarkably higher ratio of drug administration in 
patients with stable premature CAD in our study population. 
This may represent more appropriate use of evidence-based 
therapies at tertiary care clinics, which differs from that in 
primary and secondary care units. However, administration 
of these drugs declined, with LVEF < 50% patients suffering 
from more cardiovascular events during the 2-year follow-up. 
Thus, evidence-proven drugs should be proposed as a means 
of improving cardiovascular prevention to reduce adverse car-
diovascular outcomes by increasing patient adherence to these 
optimal therapies.

Some strengths and limitations of this study should be 
mentioned. First, this was a single-center study involving sub-
jects with documented stable premature CAD patients, so it 
is unlikely that the subjects adequately represented population 
characteristics included in other studies [5-8]. However, our 
study sample is similar to that routinely seen by practition-
ers. Second, we did not have access to any information regard-
ing patients’ lifestyles, such as physical inactivity and obesity, 
which are well-documented risk factors for CAD and might be 
associated with patients’ adherence to drug therapy. However, 
these patients underwent regular visits to our outpatient office. 
This exists in both groups and is less likely to influence the 
comparison between the two groups. Finally, our study sample 
is small and only reports mid-term outcomes; a larger study 
sample and long-term follow-up is needed to acquire more 
convincing data in this specific field.

Based on the study findings, the real-world drug use pat-
terns and follow-up results in the Chinese setting show that 
young stable CAD patients with reduced LVEF have more 
cardiovascular risk factors, lower drug administration com-
pliance, and worse 2-year prognosis. Educational strategies 
to increase awareness of the up-dated guidelines [20] among 
physicians and nurses must be strengthened. In addition, ex-
ploring more useful educational programs and methods [21, Ta
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22] to improve patients’ adherence to optimal drug therapy is 
also needed.
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