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ABSTRACT - Purpose: The present study was performed to determine whether improvement of the lipid 
profile during the first 3 months after coronary revascularization would allow prediction of the time until 
recurrence of cardiovascular events (CVEs). Methods. Blood biochemistry values of patients undergoing 
lipid-lowering therapy after undergoing coronary revascularization at Nippon Medical School Chiba 
Hokusoh Hospital, Japan, were investigated retrospectively. Recurrence of CVEs was defined as death, 
myocardial infarction, or angina requiring coronary revascularization 3 months or more after the first event. 
Results. Among 171 patients receiving secondary preventive care who suffered at least one recurrent CVE, 
75 showed evidence of objective stenosis on coronary angiography. Among these 75 patients, exclusion of 
those for whom coronary revascularization had not been performed at disease onset, simple balloon 
angioplasty had been performed, serum lipid levels had not been measured, coronary revascularization had 
been applied for restenosis, or had not received statins left 37 patients suitable for inclusion in the study. 
Although the mean value of high-density-lipoprotein cholesterol did not change during the 3 months after 
the index coronary revascularization, that of low-density lipoprotein (LDL-C) decreased significantly. A 
significant positive correlation was identified between the percentage reduction in LDL-C during the first 3 
months and the time until recurrence of CVEs (r=0.564, p<0.01). The average LDL-C value (106±24 
mg/dL) in patients who suffered CVE recurrence after 5 years tended to be lower than that (125±38 mg/dL) 
in patients who suffered recurrence within 5 years (P=0.09). The incidence of patients achieving the LDL-C 
target level (46.2% vs. 20.8% P<0.05) and the percentage reduction in LDL-C during the first 3 months 
(-31.7±13.1% vs. -12.3±18.9%, P<0.05) were significantly greater in patients who suffered CVE recurrence 
after 5 years than that in those who suffered recurrence within 5 years. Conclusion. The percentage 
reduction in LDL-C during the first 3 months after coronary revascularization, in addition to LDL-C values 
and achievement of the LDL-C goal, could serve as a useful predictor of CVE recurrence. 
_______________________________________________________________________________________ 
 
INTRODUCTION 
 
Hypercholesterolemia is directly related to 
disorders of the endothelium and to the 
development or destabilization of atherosclerotic 
vascular disease [1–3]. Low-density-lipoprotein 
cholesterol (LDL-C) is a major factor in the 
progression of atherosclerotic lesions and atheroma 
destabilization [4–10]. The “Guideline for 
Diagnosis and Prevention of Atherosclerotic 
Cardiovascular Diseases in Japanese, 2007 Edition” 
[11], issued by the Japan Atherosclerosis Society, 
emphasizes the importance of managing not only 
total cholesterol (TC) but also LDL-C and 
high-density-lipoprotein cholesterol (HDL-C), and  

 
 
stratifies the risk of coronary artery disease (CAD) 
based on previous history of CAD and risk factors 
other than LDL-C. Patients with a history of CAD 
are classified as requiring secondary preventive 
care. The risk of CAD recurrence in patients 
receiving secondary preventive care is three times 
that of CAD development in patients receiving 
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primary preventive care [12, 13], and the guideline 
stipulates a lower LDL-C management goal (100 
mg/dL) for patients requiring secondary prevention 
than for patients requiring primary prevention 
(Table 1). 

3-Hydroxy-3-methylglutaryl coenzyme A 
reductase inhibitors (statins) are drugs commonly 
used to treat dyslipidemia. Many large-scale 
clinical trials have reported that treatment with 
statins lowers LDL-C levels in patients receiving 
secondary preventive care, and affords substantial 
prevention of CAD [14–16]. However, the extent to 
which a reduction in LDL-C during the early period 
after coronary revascularization can delay the onset 
of recurrent cardiovascular events (CVEs) has not 
yet been clarified. 
 In the present study, we investigated the 
relationship between the percentage change in 
LDL-C during the first 3 months after the index 
revascularization and the time until recurrence of 
CVEs. Our aim was to determine whether 
improvement of the lipid profile during the early 
period after coronary revascularization would allow 
prediction of the time until recurrence of CVEs. 
 
METHODS 
 
We performed this retrospective study at Nippon 
Medical School Chiba Hokusou Hospital, Chiba, 
Japan, after obtaining approval from the 
institutional ethics committee.  
 
 

Patient population 
We cross-sectionally surveyed 871 patients who 
visited Nippon Medical School Chiba Hokusou 
Hospital in the period between October and 
December 2007. The study targets were patients 
who had been diagnosed as having hyperlipidemia, 
hypercholesterolemia, or dyslipidemia and had 
been receiving a single statin drug for at least 3 
months without a change in prescription, and whose 
serum levels of TC, LDL-C, HDL-C, and 
triglyceride (TG) had been evaluated appropriately 
during the same period. 

Exclusion criteria included a diagnosis of 
familial hyper-cholesterolemia or secondary hyper - 
cholesterolemia, development of myocardial 
infarction or angina within one month before the 
beginning of the target period, a diagnosis of 
chronic hepatitis or cirrhosis, use of hemodialysis, 
including peritoneal dialysis, and corticosteroid 
treatment. These exclusion criteria were factors that 
were considered to cause dyslipidemia but were not 
lifestyle-related. Moreover, patients taking more 
than one type of medication for their dyslipidemia 
were excluded. 

There were 496 subjects with a medical history 
of myocardial infarction or angina (excluding 
vasospastic angina pectoris); these patients were 
considered to be receiving secondary preventive 
care. Among 171 of these patients who had suffered 
at least one episode of CVE recurrence, 75 showed 
objective evidence of angiographically determined 
coronary stenosis, and were therefore considered to 
have developed recurrent CAD.

 

 

Management of serum lipids and intervention in other risk factors (smoking, hypertension, and 

diabetes) is necessary. *Major risk factors other than LDL-C are aging (male > 45 years, female > 55 

years), hypertension, diabetes (including impaired glucose tolerance), smoking, family history of 

coronary artery disease, low HDL-C(< 40 mg/dL). Category III, if complicated by diabetes mellitus, 

cerebral infarction or arteriosclerosis obliterans. 

 

 

Table 1. Lipid management goals based on risk assessment [11]. 
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After exclusion of patients who had not undergone 
coronary revascularization at the time of CAD 
onset, had undergone simple balloon angioplasty, 
had not undergone adequate measurement of serum 
lipid levels, in whom coronary revascularization 
had been applied to an area of restenosis, or statins 
untreated, 37 subjects suitable for evaluation 
remained. CVE recurrence was defined as death, 
myocardial infarction, or the need for coronary 
revascularization due to angina at least 3 months 
after the index coronary revascularization. 
 
Study protocols 
1. Patient characteristics 
Data on age, gender, body height, body weight, risk 
factors for CAD except LDL-C, prescription drugs, 
and types of coronary revascularization were 
retrieved from the medical records. 
 
2. Biochemical test values 
Serum TC, LDL-C, TG, and HDL-C values were 
checked. If the LDL-C value had not been 
measured directly, it was calculated using the 
Friedewald equation [17]: 
 
LDL-C = TC – HDL-C – TG /5 (mg/dL) 
 
However, if the TG value exceeded 400 mg/dL, this 
equation was not applied, and the interval between 
the index coronary revascularization and the 
recurrence of CVEs was evaluated on the basis of 
medical records. 
 
3. Evaluation methods 
Percentage change in LDL-C was defined as the 
difference between the value measured at the time 
of index coronary revascularization and at 3 months 
(an average of 2.9±0.7 months) after. The LDL-C 
management goal was defined as less than 100 
mg/dL, in accordance with the Japan 
Atherosclerosis Society’s 2007 guidelines 
mentioned above. 
 
Statistical analysis 
The data were analyzed statistically at P<0.05 using 
the StatView® for Windows version 5.0  software 
package. Spearman’s correlation rank test was 
applied to the correlation between the change in 
LDL-C and the time until recurrence. Although the 
unpaired t-test was employed to compare sample 
averages between patients with and without 
recurrence within 5 years, the Mann-Whitney 
U-test was employed when samples did not follow 
a normal distribution. The χ2 test was employed to 
compare any prevalences in the two groups. 
However, Fisher’s exact probability test was 
employed when values were less than 5. 
 

RESULTS 
 
Patient characteristics 
The characteristics of the patients at the index 
coronary revascularization (baseline) are 
summarized in Table 2. Only two patients had no 
coronary risk factors at the time of index coronary 
revascularization. Acute myocardial infarction was 
the most prevalent diagnosis, and more than 60% of 
patients underwent percutaneous coronary 
intervention with a drug-eluting stent (DES). 
Among the statins, pravastatin was that most 
frequently prescribed. Seven patients received no 
statins.  
 
CVE recurrence  
The Kaplan-Meier curve for cumulative recurrence 
of CVEs is shown in Figure 1. The median time 
until recurrence was 3.1 years. Fourteen patients 
(31.8%) were still recurrence-free at 5 years. 
 
Lipid profiles in the early period after index 
coronary revascularization 
Changes in lipid profiles during the early period 
after the index coronary revascularization are 
shown in Table 3. During this period, only TC and 
LDL-C were reduced significantly. Table 4 shows a 
comparison of TC, LDL-C, HDL-C and TG 
between patients in whom CVEs recurred within 
and after 5 years. A significant reduction of TC and 
LDL-C was observed in patients who suffered CVE 
recurrence after 5 years. 

The level of LDL-C, the rate of achievement of 
the LDL-C management goal at 3 months after the 
index coronary revascularization, and the 
percentage reduction of LDL-C during the initial 
3-month period in patients with (n=24) and without 
(n=13) CVE recurrence within 5 years are shown in 
Figure 2. The LDL-C level in patients without CVE 
recurrence within 5 years tended to be lower than 
that in patients with CVE recurrence within 5 years 
(P=0.09). The rate of achievement of the LDL-C 
target level (46.2% vs. 20.8% P<0.05) and the 
percentage reduction of LDL-C were significantly 
greater in patients who remained CVE 
recurrence-free within 5 years than in patients who 
suffered recurrence during this period.  
 
Correlation between percentage reduction of 
LDL-C and time until CVE recurrence 
Figure 3 shows a scattergram of the percentage 
reduction of LDL-C and period until CVE 
recurrence. There was a significant positive 
correlation between the two parameters (r=0.564, 
P<0.01). 
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DISCUSSION 
 
The present study clearly indicated a significant 
correlation between percentage reduction of the 
LDL-C level during the early period (3 months) 
after the index coronary revascularization and the 
time until CVE recurrence, suggesting that LDL-C 
reduction in the early period after index coronary 
revascularization could affect the period until CVE 
recurrence. 

When we divided patients into two groups 
according to whether CVEs recurred within and 
beyond 5 years, the former showed a high LDL-C 
level and a low rate of achieving the LDL-C 
management goal in the first 3 months after index 
revascularization. These findings support the 2007 
Guideline of the Japan Atherosclerosis Society, 
which considers achievement of the LDL-C 
management goal (LDL-C<100 mg/dL) important 
for patients receiving secondary preventive care [11, 
18]. However, the average LDL-C value 3 months 
after the index coronary revascularization in  
 
 

 
 
 
patients who suffered CVE recurrence after 5 years 
was over 100 mg/dL (103±22 mg/dL). This implies 
that CVE recurrence can be delayed with sufficient 
reduction of LDL-C during the early period after 
index coronary revascularization, even if LDL-C 
still exceeds the management goal. Thus, the rate of 
LDL-C reduction might have a substantial impact 
in preventing or delaying the recurrence of CVEs 
that is as potent as the LDL-C level or the rate of 
achieving the LDL-C management goal. The J-LIT, 
which targeted patients with low-dose simvastatin 
therapy in secondary preventive care, reported that 
10 mg/dL decrease in LDL-C and 10 mg/dL 
increase in HDL-C concentration reduce the risk of 
CHD by 8.0 % and 28.3 % respectively [13]. 
Although we did not survey the cumulative relapse 
ratio of the patients without statin treatment in our 
study, the Kaplan-Meier curve of cumulative 
relapse rations of the patients might be drawn 
below that of the patients with statin treatment. 
 
 

DES, drug-eluting stent; BMS, bare metal stent; CABG, coronary artery bypass grafting. *mean 

± S.D. 

Table 2. Baseline characteristics of the patients. 

Sex (male no./female no.) 31/13
Age (year) 62.7±10.5*

BMI (kg/m2) 24.9±4.0*
Number (%)

Coronary risk factors

Hypertension 27  (61.4)
Smoking 24  (54.5)
Family history 17  (38.6)
Diabetes 24  (54.5)

Chronic kidney disease 16  (36.4)

Number of coronary risk factors

0 2   (4.5) 
1 7  (15.9)
2 12  (27.3)
3 13  (29.5)
4 8  (18.2)
5 2   (4.5)

Diagnosis

Acute myocardial infarction 21  (47.7)
Unstable angina 6  (13.6)
Effort angina 14  (31.8)
Others 3   (6.8)

Coronary revascularization
PCI with DES 28  (63.6)
PCI with BMS only 13  (29.5)
CABG 3   (6.8）

Statins
or

other treatement

Pravastatin 18 (40.9)
Simvastatin 5  (11.4)
Fluvastatin 5  (11.4）

Atorvastatin 7  (15.9)
Pitavastatin 2   (4.5)
Exercise and diet 7  (15.9)
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Lipid-lowering therapy plays an important role 
in preventing the recurrence of CVE regardless of 
whether a patient is receiving primary or secondary 
prevention. On the basis of recent guidelines, the 
LDL-C management goal is stratified according to 
the individual risk in each patient [11, 19]. In 
patients receiving secondary prevention, like those 
in the present study, the risk of CVE recurrence is 
estimated to be 3-4 times greater than in patients 
receiving primary prevention [12, 13]. In any 
guideline, the lowest LDL-C value is allocated as a 
management goal for patients receiving secondary 
prevention. However, the period during which the 
LDL-C management goal should be achieved, and 
how soon the LDL-C level should be lowered, are 
not stipulated. It has been reported that in patients 
with acute coronary syndrome (ACS), recurrence of  
 

 
 
CVEs within 16 weeks after onset of ACS can be 
suppressed if administration of atorvastatin is 
started within 24-96 hours of presentation [20]. 
Furthermore, it has been proposed that statin 
treatment in the early phase of ACS may improve 
the long-term outcome [21, 22]. However, no 
previous report has evaluated the association 
between improvement of the lipid profile in the 
early period after index coronary revascularization 
and the period until CVE recurrence. The results of 
the present study suggest that improvement of the 
lipid values during the first 3 months after index 
coronary revascularization could be a useful 
predictor of the period until CVE recurrence. 

Studies using IVUS and/or angioscopy have 
revealed multiple vulnerable plaques in the 
coronary arteries of patients with ACS or stable 
angina [23–25].  

TC: total cholesterol, HDL-C: high-density-lipoprotein cholesterol, TG: triglyceride. n=37 
*p value: baseline vs. after 3 months by paired t-test 
 

Table 3. TC, LDL-C, HDL-C and TG levels at the baseline and at 3 months after the start of statin 
treatment. 

baseline after 3 months % change *p  value

       TC      226±43       198±37     -9.4±22.7 <0.01

       LDL-C      148±26       118±31    -19.1±19.3 <0.01

       HDL-C        49±13         51±13       9.5±27.3  N.S.

       TG      152±58       137±52     -4.3±34.4  N.S.

Figure 1. Kaplan-Meier curve showing cumulative recurrence of CVE. 
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As these vulnerable plaques might ultimately 
rupture, resulting in recurrence of CVEs [26], 
aggressive medical therapy to stabilize them should 
be introdued after coronary revascularization. In 
this connection, statins exert various pleiotropic 
actions to reduce the vulnerability of plaque, 
independent from their lipid-lowering activity, 
including improvement of endothelial function 
[27–29], and anti-thrombotic [30, 31] and 
anti-inflammatory [32, 33] activities. The 
implication of the present findings, that a greater 
reduction in the LDL-C level during the early 
period after index coronary revascularization could 
delay the recurrence of CVEs, may reflect the 
above pathological process. Because the design of 
the present study excluded any restenosis-related 
events that could have led to CVE recurrence, the 
administration of statin may have stabilized any 
non-culprit plaque that had disseminated in the 
coronary artery. 

The present study had several limitations. First, 
it was a retrospective study, and therefore clinical 
information that could not be evaluated (e.g. death) 
was not considered, as we focused on patients with 
previous coronary revascularization who visited our 
hospital outpatient department during the 
cross-sectional survey period. It will therefore be 
necessary to perform a prospective study to 
examine the relationship between the percentage 
reduction in LDL-C and the development of CVEs, 
including death, in patients undergoing coronary 
revascularization. Second, the sample size was 

small because only patients with recurrence of 
CVEs identified as CAD were included. However, 
it was prerequisite to ensure the reliability of each 
event by coronary angiography, because the present 
study focused chiefly on the period until CVE 
recurrence. Finally, the study did not include 
patients free from CVEs, i.e. we were unable to 
determine how the lipid-lowering effect contributed 
to reduction of the CVE recurrence rate. As 
mentioned above, our study aim was to investigate 
the relationship between the early reduction of the 
LDL-C level after index coronary revascularization 
and the period until CVE recurrence. Therefore, 
investigation of the incidence of CVEs was beyond 
the scope of the study. 

In conclusion, the present study has 
demonstrated a positive correlation between 
reduction of the LDL-C level during the first 3 
months after index coronary revascularization and 
the recurrence of CVEs, suggesting that aggressive 
lipid-lowering therapy, particularly in the early 
phase, could delay CVE recurrence. The rate of 
LDL-C reduction in the early phase could be as 
useful a marker for prediction of CVE recurrence as 
the LDL-C level per se or the rate of achieving the 
LDL-C management goal. 
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TC: total cholesterol, HDL-C: high-density-lipoprotein cholesterol, TG: triglyceride. n=37 

*p value: baseline vs. after 3 months by paired t-test. **p value: CVE recurrence within 5 years vs. 

after 5 years by Mann-Whitney U test 

CVE recurrence baseline after 3 months *p  value % change **p  value

    within 5 years 225±37 214±54  N.S.    -5.0±17.3

     after 5 years 230±55 186±31 <0.01  -13.4±30.4

    within 5 years 147±27 135±46  N.S.    -8.7±21.3

     after 5 years 151±26 103±23 <0.01  -31.0±11.4

    within 5 years   49±12   52±12  N.S.     7.6±23.9

     after 5 years   49±14   50±13  N.S.     8.6±31.3

    within 5 years 149±52 134±57  N.S.     -7.3±29.7

     after 5 years 159±65 144±56  N.S.     -2.1±44.4

    TC

    LDL-C

    HDL-C

    TG  N.S.

 N.S.

<0.01

<0.05

Table 4. Efficacy of statin treatment for 3 months on TC, LDL-C, HDL-C and TG in patients 

classified according to CVE recurrence within and after 5 years. 
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Figure 2. LDL-C level (A), rate of achievement of the LDL-C management goal (B), and percentage reduction of 
LDL-C (C) in patients who suffered CAD recurrence within 5 years (n=24) and after 5 years (n=13). 
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Figure 3. Correlation between percentage reduction of LDL-C and period until CVE recurrence (n=37). 
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