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a) Total cholesterol levels and the relative risk of CAD death (men
and women combined) NIPPON DATA80%

Relative risk

~159 160~ 180~ 200~ 220~ 240~ 260~
179 199 219 239 259 (mg/dL)

(Okamura T et al : Atherosclerosis, 190 : 216-223, 2007)

b} HDL-C levels and the percentages of patients with CAD

E309)
5

Percentages of patients with C.
nN

~34 35~ 40~ 45~ B0~ 55~ G0~ B85~ 70~ 75~ B0~
39 44 49 54 59 64 69 74 79 (mydl)

(Reanalyzed based on the data from Kitamura A
et al : Circulation, 89 : 2533-2539, 1994)

¢} TG (non-fasting) levels and relative risk of CAD {men and women
combined)®

Relative risk
n

~84 85~115 116~164 165~
(mg/dL)
(Iso H et al : Am J Epidemiol, 153 : 490-499, 2001)

Fig.1. Serum Lipids and Risk for CAD

intervention significantly decreases the incidence of
CAD. In addition, in Japan, the results of large-scale
clinical studies have recently shown that treatment for
hyper-LDL cholesterolemia is clinically beneficial for
Japanese individuals®3".

In the U.S. guidelines NCEP-ATP I, based on
the relationship between the TC levels and CAD mor-
tality reported in the MRFIT®?, the cutoff value for
hypercholesterolemia is a TC level of 240 mg/dL, the
level at which the relative risk is 2-fold higher than

that observed at a TC level of 200 mg/dL*. As
described above, the absolute risk of CAD in Japanese
individuals is much lower than that observed in West-
erners. In order to maintain this low risk, the use of
early prevention measures is needed.

Based on the above findings, a TC level of 220
mg/dL, the level at which the relative risk shown in
the NIPPON DATA80 is approximately 1.5-fold
higher than that observed at a TC level of <180 mg/
dL, was used as the cutoff value for screening Japanese
individuals in terms of the prevention and treatment
of CAD, and the corresponding LDL-C level of 140
mg/dL was defined as the cutoff value for the diagno-
sis of hyper-LDL cholesterolemia.

The CIRCS, an epidemiological study recently
conducted in Japan", showed that the incidence of
CAD in subjects with an LDL-C level of 80 to 99 mg/
dL, 100 to 119 mg/dL, 120 to 139 mg/dL and > 140
mg/dL is 1.4-, 1.7-, 2.2- and 2.8-fold higher, respec-
tively, than that observed in subjects with a LDL-C
level of <80 mg/dL. In the presence of multiple risk
factors, the incidence of and mortality from CAD also
increase in Japanese individuals. Since the incidence of
and mortality from CAD in patients with multiple
risk factors were found to be higher than those
observed in patients without such factors, even at the
same LDL-C levels, and patients with diabetes melli-
tus (DM) developed CAD at lower LDL-C levels of
approximately 30 to 40 mg/dL as frequently as
patients without DM in a subanalysis of primary pre-
vention in the J-LIT study?®?, it has been suggested
that the degree of the increased risk of CAD associated
with the LDL-C level changes depending on comor-
bidities. As a result of these concerns, these guidelines
define an LDL-C level of 120-139 mg/dL as the bor-
derline level at which the effects of other risk factors
should be carefully considered when screening Japa-
nese individuals for dyslipidemia.

2. Hypo-HDL Cholesterolemia

Having a low level of HDL-C places a patient at
risk for developing CAD. Conversely, a higher
HDL-C level is associated with a decreased risk of
CAD (Fig.1b)'» %9, In the NIPPON DATA90, the
HDL-C level was found to be significantly inversely
correlated with overall mortality and stroke mortality
during the 9.6-year observation period*®. Community
and worksite-based cohort studies have shown that an
HDL-C level <40 mg/dL is associated with an
increased risk of CAD'"%39, In the J-LIT, a cohort
study, simvastatin-treated primary prevention
patients'? and secondary prevention patients'? with

an HDL-C level <40 mg/dL were found to have a
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Table 1. Dyslipidemia: Diagnostic Criteria for Screening (Fasting )

- . > 140 mg/dL Hyper-LDL cholesterolemia
Low-density lipoprotein ¢
cholesterol (LDL-C) 120-139 mg/dL Borderline hyper-LDL cholesterolemia™
HDL-C <40 mg/dL Hypo-HDL cholesterolemia
Triglycerides (TGs) 2150 mg/dL Hypertriglyceridemia

¢ The LDL-C level is calculated using the Friedewald formula (TC -~ HDL-C - TG/5) (if TG <400 mg/dL).

o If the TG level is 2 400 mg/dL or non-fasting blood is used, the non HDL-C (TC—HDL-C) level should be used.
The cutoff value is LDL-C + 30 mg/dL.

* A “fasting state” is defined as having fasted for > 10 to 12 hours. The consumption of liquids with no calories, such
as water and tea, is permitted.

“*If borderline hyper-LDL cholesterolemia is diagnosed during screening, the presence of high-risk conditions should
be assessed and the need for treatment should be considered.

1.3- and 1.6- fold higher relative risk of CAD, respec-
tively, than those with an HDL-C level of 40-49 mg/
dL. Based on these findings, these guidelines define an
HDL-C level of <40 mg/dL as the cutoff value for
screening for hypo-HDL cholesterolemia. In general,
women exhibit higher HDL-C levels than men?® 340
however, there is currently insufficient evidence to
support the existence of a relationship between sex dif-
ferences in the HDL-C levels and the incidence of
CAD. Therefore, these guidelines used the same cut-
off value for both women and men.

3. Hypertriglyceridemia

Many reports have shown that a high TG level is
associated with a risk of developing CAD in Asia,
Oceania®’ and Japan® 1% 3% 424 a5 well as in Western
countries®®. In some of these studies, the TG level was
found to be associated with the risk of CAD even when
the HDL-C level was corrected” %> 49, In the U.S.,
hypertriglyceridemia is defined as a fasting TG level of
2150 mg/dL based on the Framingham study®. Tradi-
tionally, the TG level has been measured using fasting
blood; however, one report indicates that the non-
fasting TG level more accurately predicts cardiovascu-
lar events®®. Epidemiological studies conducted in
Japan have shown that the incidence of CAD increases
when the fasting TG is 2150 mg/dL'*% % and that
the incidences of myocardial infarction, exercise-
induced angina and sudden death increase when the
non-fasting TG level is 2165 mg/dL (Fig. 1¢)”. More-
over, many reports have also shown that hypertriglyc-
eridemia is a risk factor for cerebral infarction,
although this association is weaker than that observed
for CAD** % 74)_ Considering these findings, these
guidelines define a TG level of 2150 mg/dL as the
cutoff value for screening for hypertriglyceridemia;
however, hypertriglyceridemia often reflects other
pathological conditions, such as increased levels of

remnant lipoproteins or small, dense LDL, complica-
tions of hypo-HDL cholesterolemia and the presence
of metabolic syndrome. Therefore, other conditions
associated with increased TG levels should be carefully
assessed.

4. Non HDL Cholesterol

If hypertriglyceridemia exists, especially when the
TG level is 2400 mg/dL, the correct LDL-C level can-
not be calculated because the Friedewald formula is
not applicable and the direct measurement method is
problematic. In such cases, the non HDL-C level is a
useful and simple index calculated by subtracting the
HDL-C level from the TC level. Some investigators
consider the non HDL-C level to be superior to the
LDL-C level in terms of predicting the development
of atherosclerotic diseases because the non HDL-C
level incorporates all atherogenic lipoproteins, includ-
ing remnant lipoproteins®®°Y. Recently, many epide-
miological studies have examined the relationship
between the non HDL-C level and the risk of CAD
in Japan® 2% %52 The non HDL-C level exhibits
the same relationship with the incidence of myocardial
infarction as the LDL-C level, with both parameters
demonstrating comparable ability to predict the devel-
opment of myocardial infarction®®. On the other
hand, one study showed that the non HDL-C level is
superior to the TC level in terms of predicting the inci-
dence of myocardial infarction?. The incidence and
mortality of CAD and myocardial infarction markedly
increase in men with a non HDL-C level of 2170-
180 mg/dL, while no specific tendencies have been
observed in women® ?* %52, One study investigated
the risk of myocardial infarction associated with the
non HDL-C level in the presence or absence of hyper-
triglyceridemia®. In that report, the risk of myocar-
dial infarction markedly increased in the group with
both hypertriglyceridemia (TG 2150 mg/dL) and a
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non HDL-C level of 2190 mg/dL. In a subanalysis of
the JELIS that compared the groups that achieved
both LDL-C and non HDL-C management goals, the
other groups exhibited higher incidences of CAD?.
Recently, it was demonstrated that the non HDL-C
level in Japanese individuals is equal to LDL-C +30
mg/dL, the same as that observed in the U.S>* .
Based on these findings, these guidelines defined a
non HDL-C level of 2170 mg/dL as the cutoff value
for screening.

Footnotes

This is an English version of the guideline from
the Japan Atherosclerosis Society (chapter 3) pub-
lished in Japanese in June, 2012.
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The Relationship Between Low-Density Lipoprotein Cholesterol
Levels and the Incidence of Cardiovascular Disease in
High-Risk Patients Treated With Pravastatin

Main Results of the APPROACH-J Study

Hiroyuki Darpa,' MD, Tamio TERAMOTO,” MD, Yasuhisa Kitacawa,’ MD, Yasuyuki MATSUSHITA," PhD,
and Masahiro SUGIHARA," PhD, on behalf of the APPROACH-J Study Group

SUMMARY

This study aimed to evaluate the relationship between low-density lipoprotein cholesterol (LDL-C) levels and car-
diovascular disease (CVD) in high-risk patients with hypercholesterolemia without a history of CVD. Patients who were
receiving or started treatment with pravastatin, were followed-up for 2 years. Patients were divided into quartiles accord-
ing to on-treatment LDL-C. The maximum contrast method based on the Cox proportional hazards model was used to
evaluate the relationship between achieved LDL-C and the incidence of CVD. Incidence of CVD was also compared ac-
cording to whether a number of risk factor targets were achieved. A total 6,229 patients were enrolled, with 4,916 having
reported LDL-C values. During the 2 years, 69 cases of CVD (6.7/1000 patient years), including 36 coronary artery dis-
ease (CAD) (3.5/1000 patient years) and 28 strokes (2.7/1000 patient years), occurred. The comparison of on-treatment
LDL-C level quartiles suggested that the incidence of all CVD decreased linearly as the LDL-C levels decreased. Inci-
dence of CAD showed a curvilinear relationship to LDL-C levels, suggesting some attenuation of risk below LDL-C of
119 mg/dL. The incidence of all CVD and CAD tended to be decreased as the number of achieved risk factor targets in-
creased. In conclusion, through our observational study, it was shown that a linear relationship between the incidence of
CVD and LDL-C was observed in high-risk hypercholesterolemic patients. The low incidence of CVD in the present
study may be associated with multifactorial management of conventional risk factors including high LDL-C levels.
However, prospective, randomized studies are needed to confirm these findings. (Int Heart J 2014; 55: 39-47)

Key words: Hypercholesterolemia, Primary prevention, Occlusive atherosclerotic complications, Cardiovascular disease

sclerotic disease, which has been established by a

great number of epidemiological studies in Western
as well as Asian countries."” The current consensus is that
statins can reduce coronary heart disease by 20-40%, with an
approximately 30-50% lowering of low-density lipoprotein
cholesterol (LDL-C), irrespective of setting (primary preven-
tion or secondary prevention)*'® or the presence of other risk
factors (eg, diabetes)."”

Based on these findings, various guidelines for the diag-
nosis and treatment of dyslipidemia were conceived and up-
dated to minimize lethal atherosclerotic disease.'*'” In Japan, a
treatment guideline for dyslipidemia was first released in 1997,
and it has since been modified to become the Japanese Athero-
sclerosis Society (JAS) Guideline for Diagnosis and Treatment
of Hyperlipidemia (2002, updated in 2007)."” The current JAS
guideline states that the fundamental treatment concept for pri-

D yslipidemia is a consolidated risk factor for athero-

mary prevention is modification of lifestyle, including diet and
exercise, but if it is difficult to manage lipid levels appropriate-
ly, drug therapy including statins should be considered. The
JAS guideline also shows the treatment goal for LDL-C level
according to stratification by the risk level of a patient. The
treatment goals for a patient without conventional risk factors,
with one or two risk factors, and with three risk factors or more
are set at < 160 mg/dL, < 140 mg/dL, and < 120 mg/dL, re-
spectively, in the primary prevention setting; more intensive
goals are recommended for a patient in secondary prevention,
based on the findings from clinical trials."*'® Although the cur-
rent JAS guideline has been well established based on a large
amount of Japanese evidence which has been generated re-
cently, some statements still rely on overseas data. Therefore,
we need to accumulate Japanese evidence to confirm whether
the recommendation of the JAS guideline is working effective-
ly in the real world setting.
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Pravastatin is one of the statins which has firm evidence
showing its beneficial effect against cardiovascular disease,'”
including studies from Japan.'**" Of these studies, the land-
mark MEGA Study clearly revealed that pravastatin signifi-
cantly reduces cardiovascular disease by 30%, with an 18%
decrease in LDL-C in patients without a history of cardiovas-
cular disease,” and various findings of the MEGA Study have
been cited in the current JAS guideline."”” However, exactly
how pravastatin works in high-risk patients in primary preven-
tion categorized by the JAS guideline has not been well inves-
tigated to date. Therefore, we investigated the relationship be-
tween on-treatment LDL-C level and the incidence of
cardiovascular disease in high-risk patients in primary preven-
tion in the real world setting in the Affirmation Primary Pre-
vention with Pravastatin in Reduction of Occlusive Atheroscle-
rotic Complications in Hypercholesterolemia-Japan
(APPROACH-J) Study, a prospective observational study of
patients taking pravastatin.

METHODS

The design of the APPROACH-J Study has been reported
previously.” Briefly, this observational cohort study was start-
ed in February 2008 with a target of 5,000 patients to be en-
rolled until January 2009, and the patients were followed up
for 2 years until January 2011.

The patients enrolled in the present study were initiated
on or were taking pravastatin at the beginning of the study, and
were men aged 20 years or older and women aged 55 years or
older (or postmenopausal women) without a history of cardio-
vascular disease. The patients were categorized as high risk,
with 3 or more major risk factors other than high LDL-C level,
including being older (age = 45 years in men, 2 55 years in
women), hypertension, diabetes mellitus (including impaired
glucose tolerance), smoking, a family history of coronary ar-
tery disease, and low high-density lipoprotein cholesterol
(HDL-C, < 40 mg/dL), according to the JAS guideline. The
number of risk factors for each patient was defined based on
the physician’s diagnosis at the time of enrollment. All enrolled
patients were starting or continuing treatment with pravastatin
and gave written informed consent. The exclusion criteria
were: 1) a history of cardiovascular disease (myocardial infarc-
tion, MI; unstable angina; coronary revascularization; or
stroke); 2) serious arthythmia; 3) familial hypercholesterolem-
ia; 4) poorly controlled blood pressure or blood glucose; 5) se-
rious hepatic dysfunction or serious renal dysfunction; 6) other
serious diseases, such as malignant tumors; 7) contraindica-
tions to pravastatin therapy; and 8) other reasons judged by the
investigator to render the patient inappropriate for long-term
administration of pravastatin.

Written informed consent was obtained from all eligible
patients. Follow-up was continued for 24 months after initia-
tion of the study, irrespective of whether administration of
pravastatin continued, and the investigators contacted patients
who failed to visit the hospital at 12 and 24 months after initia-
tion of the study to confirm their health status. No restrictions
were placed on other treatments, and all treatments were re-
corded. The patient characteristics, blood pressure laboratory
data, compliance with pravastatin therapy, concomitant medi-
cations, and presence or absence of cardiovascular events at

Int Heart J
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baseline and after 6, 12, 18, and 24 months were recorded in
clinical report forms every year. Adverse events were investi-
gated throughout the study period. This study was performed
in compliance with the Japanese standards for post-marketing
surveillance.

The primary composite endpoint was the first occurrence
of cardiovascular disease, which included fatal or nonfatal my-
ocardial infarction, unstable angina requiring hospitalization,
coronary revascularization, fatal or nonfatal stroke (except
transient ischemic attack), arteriosclerosis obliterans, and sud-
den and unexpected death. The secondary endpoints were sub-
sets of the primary endpoint, laboratory findings, and safety.
All cardiovascular disease reported by the investigators was as-
sessed by the Endpoint Committee.

The study was conducted as a post-marketing study of
Daiichi Sankyo Co., Ltd. and fully adhered to the regulations
of the Japanese Ministry of Health, Labor and Welfare.

Statistical analysis: The patients who had an on-treatment
LDL-C level measured by direct methods were divided into
quartiles according to their on-treatment LDL-C levels. All on-
treatment LDL-C levels were averaged during follow-up ex-
cept for those measured before the initiation of pravastatin
treatment. Incidence of cardiovascular disease was compared
between the quartiles by using the multivariable Cox propor-
tional hazards model, adjusted by sex, age, baseline HDL-C,
prior use of antihyperlipidemic agents, family history of coro-
nary artery disease, hypertension, diabetes (including impaired
glucose tolerance), body mass index, and smoking status. Fur-
thermore, the maximum contrast method”* based on the Cox
proportional hazards model was used to investigate the rela-
tionships between achieved LDL-C levels and the incidence of
cardiovascular events. The maximum contrast method is used
to determine the contrast pattern which best fits the observed
data with the largest contrast statistic (the smallest P-value).””
This method was originally proposed to identify a dose-re-
sponse pattern, however, it can be also applied to survival data
using contrast statistics with several contrast coefficient vec-
tors.” In this analysis, we evaluated contrast statistics for a re-
gression coefficient vector of the Cox proportional hazards
model. The details are described in the Appendix. Additionally,
the incidence of cardiovascular disease was compared accord-
ing to the number of achieved targets for the following factors:
LDL-C level, blood pressure, hemoglobin (Hb) Alc, and
smoking status. The patients who had mean LDL-C < 120 mg/
dL, blood pressure < 130/80 mmHg, HbAlc (US National
Glycohemoglobin Standardization Program, NGSP) < 6.5%,
and smoking cessation during the follow-up period were de-
fined as having achieved the target for each factor. The mean
values during the follow-up period were taken for the achieved
values of LDL-C, blood pressure, and HbAlc (NGSP). The
blood pressure and HbAlc (NGSP) values measured at each
institution by their own methods were used in this study.
Smoking status was defined using the baseline data. All statis-
tical analyses were performed using SAS software, version 9.2
(SAS Institute, Cary, NC, USA).

ResuLTs

A total of 6,229 patients were enrolled during a year of
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entry period, and followed up for 2 years. Data from 4,916 pa-
tients were used as the final analysis set, after excluding data
from 302 patients (including 6 patients who received no prav-
astatin treatment, 53 patients who did not have any follow-up

Table I. Baseline Characteristics

Final analysis set
(n=4916)
Men, % 422
Age, years 66.3+99
BMI, kg/m® 24.6+3.9
Prior hypercholesterolemic medication, % 63.6
Prior pravastatin treatment, % 58.8
Target LDL-C,* mg/dL 120.8
Receiving dietary instruction, % 70.5
Receiving exercise therapy, % 59.2
TC, mg/dL 219.5%35.1
LDL-C, mg/dl. 1354x31.1
HDL-C, mg/dL 575+152
Non HDL-C, mg/dL. 162.0+355
Triglycerides, mg/dL (median IQR) 123.0 (90.0-167.0)
SBP, mmHg 133.8 = 16.1
DBP, mmHg 76.1+10.9
Fasting plasma glucose, mg/dL 120.3 £36.1
HbAlc (NGSP), % 6.8x1.1
Conventional risks,** %
Older age® 95.4
Hypertension 72.9
Diabetes (including IGT) 78.1
Smoking 19.7
Family history of coronary disease 19.8
Low HDL-C (<40 mg/dL) 10.6
Number of risks 3 83.7
4 14.5
5 1.7
6 0.2

*Target LDL-C levels were set by patients’ physicians. **Conventional
risk factors were defined based on physicians® reports. *> 45 years for
men, 2 55 years for women. BMI indicates body mass index; LDL-C,
low-density lipoprotein cholesterol; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; IQR, interquartile range; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HbAlc (NGSP), hemo-
globin Alc (US National Glycohemoglobin Standardization Program);
and IGT, impaired glucose tolerance.

data, and 38 patients who withdrew consent), and the 930 pa-
tients who did not have on-treatment LDL-C values measured
by direct methods. In the follow-up, 95.2% and 89.3% of the
patients visited the hospital at 12 months and 24 months, re-
spectively. The patients whose data were used in the final anal-
ysis (Table I) had a mean age of 66 years; 42.2% were men
and 63.6% were taking antihyperlipidemic agents, including
pravastatin, at enrollment. The baseline LDL-C and HDL-C
levels were 219.5 and 57.5 mg/dL. Most of the patients were
older (95.4%) (= 45 years in men, > 55 years in women) and
had hypertension (72.9%}; and/or diabetes, including impaired
glucose tolerance (78.1%). The mean LDL-C during follow-up
was 119.5 mg/dL, and there was no apparent change in blood
pressure or glucose status (data not shown).

As shown in Table II, a total of 69 cases of cardiovascular
disease (6.7/1000 patient years, py), including 36 cases of cor-
onary artery disease (3.5/1000 py), 28 cases of stroke (2.7/1000
py), 3 cases of arteriosclerosis obliterans (0.3/1000 py), and 2
cases of sudden/cardiac death (0.2/1000 py), occurred during
the 2-year follow-up in patients with LDL-C values in the effi-
cacy analysis set. In the 4 groups generated based on the quar-
tiles of on-treatment LDL-C level (Q1, < 104.9 mg/dL; Q2,
105.0 to < 119.0 mg/dL; Q3, 119.0 to < 133.0 mg/dL; and Q4,
2 133.0 mg/dL), the incidence of all cardiovascular disease de-
creased as the LDL-C levels decreased. The lowest incidence
of all cardiovascular disease was found in group Q1, with the
lowest on-treatment LDL-C (hazard ratio, HR, against Q4,
0.431; P =0.0210) (Table III).

In testing the suitability for the shapes of L1 to L6 (Figure
1) by the maximum contrast method for all cardiovascular dis-
ease, the Jargest Wald statistic (the smallest P-value, 0.0229)
was found in the L4 type, suggesting that there is a linear rela-
tionship between the incidence of all cardiovascular disease
and the LDL-C level (Figure 2A). A curvilinear relationship
was found for coronary artery disease and was determined to
be of the L2 type, with the largest \?Vald;)(2 (P = 0.0049) in the
maximum contrast method (Figure 2B). This resulted in the
significantly lower incidence of coronary artery disease in
group Q2 (HR, 0.348; P = 0.0292) and group Q1 (HR, 0.283;
P =0.0157), shown in Table III. No significant relationship
was found between LDL-C and stroke by using the maximum

Table IL Incidences of Events

Variables

Final analysis set (n = 4,916)

No. of events* (no. of events/1,000 patient years)

All cardiovascular diseases

Coronary artery disease
Myocardial infarction
Unstable angina
Revascularization

Stroke
Ischemic stroke
Cardioembolic stroke

Lacunar stroke
Hemorrhagic stroke
Subarachnoid hemorrhage
Other strokes

Arteriosclerosis obliterans
Sudden /cardiac death

69 (6.7)

36 (3.5)
12(1.1)
7(0.7)
35 (3.4)
28 (2.7)
9(0.9)
1.1
9(0.9)
9(0.9)
10.1)
0
3(03)
2(02)

*First event for each variable.
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Table III. Incidence of Events in Each Quartile Group
. No. of events/ Incidence Hazard ratio
Group: LDL-C, mean (range), mgfdL | "e o henis (/1,000py) (95%CT) P
All cardiovascular diseases
Q1:92.9 (44.0-104.9) 121,214 4.6 0.431 (0.211, 0.353) 0.0210
Q2:112.2 (105.0- 118.8) 17/1,240 6.5 0.667 (0.353, 1.258) 0.2106
Q3:125.5(119.0-132.9) 17/1,222 6.6 0.732 (0.390, 1.375) 0.3324
Q4: 147.5 (133.0 - 230.0) 23/1,240 8.9 1.00 -
Coronary artery disease
Q1:92.9 (44.0- 104.9) 5/1,257 1.9 0.283 (0.102, 0.788) 0.0157
Q2:112.2 (105.0-118.8) 6/1,243 23 0.348 (0.135, 0.899) 0.0292
Q3:125.5(119.0- 132.9) 9/1,224 35 0.582 (0.256, 1.320) 0.1948
Q4: 147.5 (133.0-230.0) 16/1,238 6.2 1.00 -
Stroke
Q1:93.0 (44.0-104.9) 6/1,222 23 0.588 (0.191, 1.807) 0.3538
Q2:112.1 (105.0-118.7) 9/1,230 34 1.068 (0.393, 2.903) 0.8977
Q3:125.5(118.8-132.9) 6/1,237 23 0.769 (0.257, 2.302) 0.6389
Q4: 147.0 (133.0 - 230.0) 7/1,233 2.7 1.00 -
LDL-C indicates low-density lipoprotein cholesterol; CI, confidence interval; and py, patient years.
L1 L2 13 A All cardiovascular diseases
s ) I Incidence (/1000py) .
g L] PR o :?3 L] (R — o--n f L+ NN R 20 1 Shape type™  wWald X° P
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Figure 1. Statistical concepts underlying the maximum contrast method,
a statistical method to evaluate the shape of curves which are likely to fit
into one of six patterns (L1-L.6). LDL-C indicates low-density lipoprotein
cholesterol.

contrast method (Figure 2C).

To evaluate the effect of risk factors other than the on-
treatment LDL-C level, we compared the baseline features of
each quartile. A favorable lipid profile was found in the group
with a low on-treatment EDL-C level at baseline. Although the
number of patients in each quartile who had hypertension and
diabetes mellitus (including impaired glucose tolerance) in-
creased from Q4 to Q1, blood glucose and blood pressure were
relatively well controlled within the ranges 118.2-121.7 mg/dL
and 132.9/74.7-134.8/77.7, respectively, between the 4 groups
(Table IV). Moreover, antithrombotic agents, in addition to an-
tiplatelet and anticoagulant agents, were used most frequently
(26.4%) in the group with the lowest LDL-C levels.

As shown in Table V, fewer cases of cardiovascular dis-
ease occurred in groups with a greater number of achieved risk
factor targets (LDL-C < 120 mg/dL, blood pressure < 130/80
mmHg, HbAlc [NGSP] < 6.5%, and no smoking during fol-
low-up), but this result was not statistically significant (P =
0.239). However, the number of cases of coronary artery dis-

QL Q2Q3 Q4

L6 2.1959 0.1384
100 150 200
Mean LDL-C tmg/dL)
C Stroke
[zn(gld%ance {/1000py} Shapetrpe” WA B
i Lt 0.2943 0.5875
L2 0.1954 0.6585
L3 0.0672 0.7955
2 G 4
@ @@ Q L4 04523 0.4829
L5 0.4372 0.5085
; ; } L6 0.9741 0.3237
50 100 150 200

Mean LDL-C (mg/dl)

Figure 2. Absolute incidence of events and maximum contrast.* *The
maximum contrast was evaluated by the Cox proportional hazard model,
based on logarithmic LDL-C value. **Shape types: refer to Figure 1.
LDL-C indicates low-density lipoprotein cholesterol; and py, patient years.

ease was significantly related to the number of risk factor tar-
gets achieved (P = 0.021); significantly fewer cases of coro-
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Table IV. Baseline Characteristics According to Quartile Group

Variables Q1 Q2 Q3 Q4
Men, % 46.0 403 399 427
Age, years 68.7 66.9 65.9 63.8
BMI, kg/m’ 24.1 244 24.7 25.1
Prior hypercholesterolemic medication 679 65.8 62.8 58.1
Prior pravastatin treatment 64.4 61.3 585 51.0
Target LDL 117.8 1203 121.8 1233
Receiving dietary instruction, % 69.5 71.9 70.6 70.0
Receiving exercise instruction, % 59.9 61.0 58.3 577
TC, mg/dL 198.2 2144 223.6 240.0
LDL-C, mg/dL 1133 1289 140.3 157.7
HDL-C, mg/dL 59.5 58.6 56.7 55.4
Non HDL-C, mg/dL. 139.1 156.0 167.1 1804
Triglycerides, mg/dL (median) 109.0 113.0 124.0 138.5
SBP, mmHg 1329 1335 1339 134.8
DBP, mmHg 747 75.5 76.7 71.7
Fasting glucose, mg/dL. 120.1 121.7 118.2 121.5
HbAlc (NGSP), % 6.7 6.8 6.8 6.9
Conventional risk factor,** %
Age§ 974 96.8 953 92.1
Hypertension 76.5 72.5 71.7 71.1
Diabetes (including IGT) 83.0 79.2 75.1 74.9
Smoking 19.1 18.3 193 22.1
Family history of coronary disease 15.2 18.1 22.1 23.6
Low HDL-C (< 40 mg/dL) 9.2 10.5 109 11.7
Medication, %
Antihypercholesterolemic agents 109 11.3 114 14.0
Statins 55 6.6 5.8 85
Simvastatin 0.1 0 0.2 0.1
Fluvastatin 0 0 0.1 0.4
Atorvastatin 16 22 0.9 15
Pitavastatin 14 1.1 1.8 2.8
Rosuvastatin 2.8 35 32 4.0
Fibrates 1.3 12 1.1 1.0
Others 47 44 49 55
Antihypertensive agents 74.3 69.8 674 63.6
Antidiabetic agents 60.0 56.7 489 474
Antithrombotic agents 26.4 18.1 16.9 14.3

**Conventional risk factors wete defined based on physicians’ reports. *> 45 years for men, > 55 years for women. BMI in-
dicates body mass index; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; HDL-C, high-density lipopro-
tein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc (NGSP), hemoglobin Alc (US Nation-
al Glycohemoglobin Standardization Program); and IGT, impaired glucose tolerance.

nary artery disease were found in patients who achieved targets
for 3 risk factors (HR, 0.216, P = 0.031). No relationship was
found between the number of risk factor targets achieved and
the incidence of stroke (P = 0.561).

In the 6,053 patients who had pravastatin at least once
during the 2-year follow-up, 320 (5.3%) experienced severe
adverse events, including cancer (95 patients, 1.6%), pneumo-
nia (9 patients, 0.1%), and atrial fibrillation (8§ patients, 0.1%).
Frequent reports of nonsevere adverse events included in-
creased creatine phosphokinase (62 patients, 1.0%) and muscle
ache (38 patients, 0.6%). There were also 175 adverse drug re-
actions, 6 of which were serious (thrombocytopenia, adult-on-
set Still’s disease, breast cancer, VIIth nerve paralysis, urinary
calculus, and hospitalization), which were judged by physi-
cians as being possibly related to pravastatin.

DiscussioN

There is a paucity of information in Japan on the evalua-
tion of the relationship between LDL-C and cardiovascular
disease in high-risk patients in the primary prevention setting,
such as those with 3 or more cardiovascular risk factors other
than high LDL-C. For these high-risk patients, the JAS guide-
line recommends the reduction of LDL-C level to < 120 mg/
dL by improving their lifestyle. However, a large number of
patients allocated to this category receive a statin to achieve
their target LDL-C in general practice. Therefore, it is still im-
portant to investigate the relationship between on-treatment
LDL-C level after taking statin treatment and the onset of car-
diovascular disease.

The APPROACH-J Study provides some important find-
ings. First, the incidence of cardiovascular disease was low
even though > 70% of the patients had diabetes, hypertension,
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Table V. Relationship Between Incidence of Vascular Disease and Number of Risk Factor Targets Achieved
All cardiovascular diseases Coronary artery disease Stroke**
No. of No. of events/  Hazard ratio P No. of events/  Hazard ratio P No. of events/  Hazard ratio P
targets no. of patients (95%CT) no. of patients (95%CI) no. of patients (95%CT)
achieved* (no. of (no. of (no. of
events/1,000 events/1,000 events/1,000
py) py) py)
0 3/125 - 0.239° 3/125 - 0.021° 0/124
(11.3) (11.3) 0.0
1 15/867 0.725 0.611 10/868 0.482 0.267 4/868 - 0.561°
8.2) (0.210-2.504) 54 (0.133-1.751) 2.2)
2 23/1,573 0.611 0.423 12/1,573 0318 0.076 10/1,574 1.383 0.584
6.9) (0.184-2.037) 3.6) (0.090-1.126) 3.0) (0.434-4.408)
3 14/1,148 0.505 0.283 6/1,150 0.216 0.031 6/1,151 1122 0.859
(CN)) (0.145-1.758) 2.5) (0.054-0.866) 2.4) (0.317-3.976)
4 2/302 0.271 0.153 0/303 - - 2/302 1.413 0.690
(3.D (0.045-1.624) 0.0) 3.1 (0.259-7.717)

*Achievement of risk factor targets was defined by using mean values during follow-up according to the following criteria: low-density lipoprotein
cholesterol < 120 mg/dL, blood pressure < 130/80 mmHg, hemoglobin Alc (US National Glycohemoglobin Standardization Program) < 6.5%, and
no smoking during follow-up. **The hazard ratio was calculated in relation to the combination group consisting of groups 0 and 1, because there were
no events in group 0. py indicates, patient years; and CI, confidence interval. *The P value is for the number of risk factor targets achieved, included as

a quantitative variable in the multivariable Cox proportional hazards model.

or both. In the present study, only 69 cardiovascular events oc-
curred in 4,916 patients during the 2 years (6.7/1000 py), cor-
responding to approximately 0.7% per year. This incidence is
one-third that of estimates derived from data used in the suba-
nalysis of the MEGA Study for diabetes,”® whose participants
had similar background characteristics to those of patients en-
rolled in the present study. Although it is necessary to take into
account major differences in dealing with angina between the
two studies (only unstable angina was included as the primary
endpoint in APPROACH-J; in contrast, all angina events, in-
cluding stable ones, were included in the MEGA Study), the
incidence of MI and stroke was still low in APPROACH-J
compared with in the MEGA diabetic population (1.1 versus
1.9/1000 py for MI and 2.7 versus 4.1/1000 py for stroke). The
difference in the incidence of cardiovascular disease between
the two studies may suggest that there are some differences be-
tween the clinical trial and general practice settings. In fact,
other epidemiological data from Japan similarly showed a low
incidence of cardiovascular disease even though the studies in-
volved high-risk patients.”””” It should also be considered that
recent clinical practice tends to involve treating patients more
aggressively, through the popularization of several guidelines,
which might have reduced event rates in the Japanese popula-
tion.

The second point is that the results of this study clearly
show that the achievement of low levels of LDL-C is highly
associated with a low incidence of cardiovascular disease in
these patients. Even though other conventional risk factors
were well-controlled, the influence of LDL-C clearly remains.
This finding suggests that an aggressive LDL-C-lowering strat-
egy could be applied to high-risk patients, although the abso-
lute event rate appears to be low even in this group.

When looking at coronary events and cerebral events sep-
arately, a significant relationship with LDL-C level was found
for coronary events, reaching some attenuation of risk and a
plateau in Q2 and Q1, in which the LDL-C level was < 119
mg/dL, but not for cerebral events. The relationships between
LDL-C and coronary events and stroke observed in this study

.. 27,30-3
are similar to those reported for coronary events”"***> and cer-

ebral events.”*” The Japan Lipid Intervention Trial (J-LIT), an
observational study with simvastatin, similarly showed that the
incidence of coronary artery disease reaches a plateau level at
LDL-C around 120-140 mg/dL in a primary prevention set-
ting.”® Also, the post-hoc analysis of the MEGA Study, which
investigated the relationship between on-treatment LDL-C lev-
el and coronary heart disease and stroke, showed a similar cur-
vilinear shape in relation to on-treatment LDL-C levels and
coronary artery disease and stroke. The results of these studies
also showed that the curve levels out around LDL-C 120 mg/
dL in coronary artery disease, and they showed no relationship
between LDL-C levels and stroke, consistent with the results
of the present study.” Therefore, these findings are consistent
with the LDL-C target for primary prevention recommended
by the 2007 JAS guideline.'” However, the efficacy of LDL-C
lowering for stroke prevention and target levels of LDL-C for
coronary artery disease prevention in the Japanese population,
especially in high-risk patients, should be further investigated.
Generally, risk for cardiovascular disease is not only re-
lated to LDL-C levels but also to blood pressure, hyperglyc-
emia, and smoking. Recent research has revealed that a greater
number of cardiovascular health metrics are associated with a
lower risk of cardiovascular disease mortality, the 7 cardiovas-
cular health metrics being not smoking, being physically ac-
tive, having normal blood pressure, having normal blood glu-
cose, having low total cholesterol, having an ideal weight, and
eating a healthy diet.*® The present study revealed that blood
pressure and HbAlc value decrease as LDL-C levels decrease.
Therefore, we attempted to determine the relationship between
cardiovascular disease and control of these 4 factors (blood
pressure, HbAlc, smoking, and LDL-C level). The results
showed that the incidence of cardiovascular disease decreases
as more risk factor targets are achieved. (The targets are de-
fined by the guidelines of the JAS,'” Japan Society of Hyper-
tension,”” and Japan Diabetes Society ™). These results indi-
cate that patients who achieve low LDL-C and concurrently
have good blood pressure and glucose control, as well as good
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management of conventional factors, may have the associated
low incidence of cardiovascular disease in the lowest LDL-C
group. Furthermore, the use of antithrombotic agents, which
has widely been recognized for providing a beneficial effect in
the prevention of cardiovascular disease, was greater in the
lower LDL-C group (Table IV). Moreover, we have evaluated
adherence to lipid-lowering treatment as another objective in
this study, and we found that good adherence to drug therapy
is associated with lower LDL-C level.™ In this study, about
90% of the patients had good adherence to drug therapy in-
cluding pravastatin. These two facts may explain the low inci-
dence of cardiovascular disease.

The present study had some limitations related to its de-
sign. The population of this study was not selected randomly.
Patients invited to participate in the study were considered to
be in sufficiently good condition to tolerate the long-term fol-
low-up. This may result in an event rate lower than that in the
actual population who are at high risk in primary prevention.
In addition, the inclusion criteria of the present study allowed
patients to be enrolled who were continuing pravastatin at ini-
tiation of the study, resulting in a mixture of pravastatin-naive
and non-naive patients. In fact, about half of the patients had
taken pravastatin at enrollment. However, we believe that these
facts do not affect the interpretation of the study results, be-
cause there were no apparent differences in baseline character-
istics or in the incidence of events between pravastatin-naive
and non-naive patients (data not shown). This belief is support-
ed by the fact that there was little impact with adjustment for
pre-pravastatin treatment (HR for group with pre-hypercholes-
terolemic drugs against those without them, 0.94; P = 0.83 in
the multivariable Cox proportional hazards model).

The LDL-C values that we used in this analysis were all
obtained by direct methods, and there was no distinction as to
the types of kit which were included in the analysis. Recently,
it was reported that the Friedewald method is more appropriate
for determining LDL-C values than direct methods, because of
the great variability between different measuring kits.*” How-
ever, we decided to adopt direct methods in this analysis be-
cause of the lack of a great number of total cholesterol values,
which is related to the reimbursement policy in some regions.
Many institutions were not allowed to measure both total cho-
lesterol and LDL-C by direct methods during the study period.
Moreover, blood samples were not taken while patients were
fasting, which also had an effect on the lack of Friedewald
LDL-C values. Only 33.5% of samples provided enough data
for the Friedewald method in this study setting. However, al-
though we only used LDL-C values obtained by direct meth-
ods, the results of the study could apply irrespective of meas-
urement methods, because the correlation between the values
obtained by direct methods and those obtained by Friedewald’s
methods was high (v = 0.90) in the analysis of 3,769 LDL-C
values in 1,681 patients who had both LDL-C and Friede-
wald’s values.

The follow-up period was rather short; 2 years may not
reflect the actual treatment period in general practice. Moreo-
ver, we did not obtain information about the duration of pa-
tients’ high LDL-C condition, and how long they had been re-
ceiving lipid-lowering treatment before enrollment; these data
would be different for individual patients. A long-term state of
high LDL-C before enrollment may affect the incidence of
cardiovascular disease, and it should be taken into account

when interpreting the findings of the present study, especially
in this kind of short-term observation. The multiplicity adjust-
ment i8 generally essential for confirmatory studies conducted
with the purpose of proving a certain hypothesis from among
many statistical tests in order to maintain the total alpha error
within the statistical significance level. Since this study is an
observational study mainly to identify the relationships be-
tween achieved LDL-C and the incidence of cardiovascular
events, there was no multiplicity adjustment in the analysis. Fi-
nally, since this study was an observational study, we did not
consult the physicians and patients about not only lipid levels
but also other risk factors. In the analysis for the number of
risk factors for which target levels were achieved, the achieve-
ment of targets was defined under natural conditions in the
clinical setting, meaning that a naturally low-risk population
may be included in the achievement group who might have
had different characteristics compared with treated patients.

In conclusion, through our observational study design, it
was shown that high-risk patients in the primary prevention
setting receiving pravastatin treatment have a low incidence of
cardiovascular disease, which may be associated with good
control of conventional risk factors. It also shows that a lower
LDL-C level is associated with a lower incidence of cardiovas-
cular disease. Pravastatin is used broadly in the primary pre-
vention setting based on consolidated evidence,'" and the find-
ings from the present study show that it should still be
considered for high-risk hypercholesterolemic patients in a pri-
mary prevention setting, along with managing blood pressure
and HbAlc according to the guidelines, and abstaining from
smoking. The updated JAS guideline for 2012 has been re-
leased,"” and it emphasizes the importance of managing multi-
ple risk factors, including hypertension, diabetes, and smoking,
along with lipid management, as a total risk management con-
cept. The findings of the present study support the idea that to-
tal risk management could be associated with a low incidence
of cardiovascular disease. However, prospective, randomized
studies are needed to confirm these findings.
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APPENDIX

Maximum contrast method based on the Cox proportional hazards
model

The Cox proportional hazards model with a regression parameter
vector £ is expressed as follows:

A1) =241) exp (B2))

where A(r) is the hazard for an event at time ¢, A¢(?) is an arbitrary
and unspecified baseline hazard function, and Z is a vector of explanatory
variables (quartiles of achieved LDL-C). The regression parameter vector
S is estimated using a partial likelihood method.

In order to detect a response pattern which best fits observed data
among candidate patterns, contrast coefficient vectors corresponding to
the candidate patterns are specified. Let 1, be the ith contrast coefficient
vector to test the null hypothesis Hy: 1’; 8 = 0. Then, the covariance matrix
of a contrast function 1; £ is given by I’ V(B)l,, where V(f) is a model-
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based covariance matrix of 5. The contrast statistic for the contrast coeffi-
cient vector 1, is formalized as follows:
L= HTNVEYT A

The maximum contrast method identifies a response pattern as the
corresponding one which achieves the maximum of the contrast statis-
tics.” The contrast statistic is approximated by a chi-square distribution
with 1 degree of freedom where (I, V(8)1)" is an inverse matrix of I’ V()
for large samples under the null hypothesis H,.*

A list of the participating physicians is available on the website.
(https://www.jstage.jst.go.jp/article/ihj/55/1/55_13-002/_article)
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