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Preamble

Atherosclerotic cardiovascular diseases (ASCVD), including coronary artery disease (CAD), such as acute 

myocardial infarction and angina pectoris, and stroke are the major causes of death in Japan, as well as the major 

cause of the gap between average life expectancy and healthy life expectancy. Even though these are diseases that 

can be prevented to a certain extent through lifestyle modification and early treatment, ASCVD is a serious 

problem for the lives and health of the public and has a significant impact on society. Based on this social 

background, the Cerebrovascular and Cardiovascular Disease Control Act was passed in 2018. And as stipulated by 

this act, the Cabinet approved the Japanese National Plan for the Promotion of Measures Against Cerebrovascular 

and Cardiovascular Diseases in 2020, and in this plan the importance of prevention of ASCVD was indicated. 

Thus, the prevention of the incidence and recurrence of ASCVD is an urgent issue in Japan.

Since the Japan Atherosclerosis Society published its guidelines for the treatment of hyperlipidemia in 1997, it 

has been revised every five years to incorporate the latest evidence. With the 2012 edition, the risk assessment has 

been changed from relative risk of CAD to absolute risk of total mortality at 10 years of CAD. For the 2017 

edition, items for which evidence is required were subjected to a systematic review (SR) based on clinical questions 

(CQ), and answers and explanations were included. In this 2022 edition, revisions were made based on recent 

evidence, including the establishment of cut-off values for triglycerides (TG) at any time (non-fasting) and the 

adoption of the Hisayama Study score as the absolute risk assessment method. As this guideline changed its name 

from “medical care” to “prevention” in the 2007 edition, it aims to prevent ASCVD through comprehensive 

management of the risk of atherosclerosis. It is hoped that ASCVD, which has been on the rise in recent years, will 

be prevented and an increase in healthy life expectancy will be achieved.

We hope that this guideline will be of use to physicians and medical personnel practicing in the field of 

ASCVD. It should be noted that this guideline provides information for clinicians to make medical decisions based 

on past evidence and social and medical situations in Japan and that the final decision on treatment goals and 

measures for each patient should be made by the physician directly in charge of the patient, depending on the 

patient’s situation.

Ken-ichi Hirata

President, Japan Atherosclerosis Society
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Introduction 

In Japan, a super-aged society, deaths from atherosclerotic cardiovascular disease (ASCVD), especially cardiac 
diseases including coronary artery disease (CAD) such as myocardial infarction and angina pectoris, and 
cerebrovascular diseases such as cerebral infarction account for about 23% of all deaths and are the leading cause of 
death comparable to deaths from malignant neoplasms. Therefore, the prevention and treatment of arteriosclerosis, 
which is the basis for these diseases, will become increasingly important in the future, and the dissemination of 
prevention and treatment methods based on scientific evidence is an urgent issue.

Since the publication of the Guidelines for the Treatment of Hyperlipidemia in 1997, the Japan 
Atherosclerosis Society has revised the guidelines every five years to incorporate the large amount of new evidence 
on treatment and epidemiology published since then. During that time, the name hyperlipidemia was changed to 
dyslipidemia, total cholesterol changed to LDL cholesterol (LDL-C) among the diagnostic criteria for dyslipidemia, 
and the risk assessment method for ASCVD was changed from relative risk to absolute risk for CAD. The previous 
edition (2017) adopted the Suita score, which included data from the statin era, as the absolute risk assessment 
method.

The main revisions in this 2022 edition are as follows.
1)  A cut-off value for non-fasting (including cases where it is unknown whether fasting or not) triglycerides 

(TG) was established for the first time.
2)  The Hisayama score, which used ASCVD combined with CAD and atherothrombotic cerebral infarction 

(atherothrombotic brain infarction) as endpoints, was used as a method to assess the absolute risk of 
ASCVD for establishing lipid management targets. 

3)  In primary prevention, the target for the management of LDL-C in patients with diabetes with peripheral 
arterial disease, microangiopathy (retinopathy, nephropathy, neuropathy) complications, or smoking is less 
than 100 mg/dL. Patients with diabetes in the absence of these complications, the target value was set to 
less than 120 mg/dL as before.

4)  In addition to CAD, atherothrombotic cerebral infarction was added as a secondary prevention target and 
the LDL-C control target was set at less than 100 mg/dL. Furthermore, the target for LDL-C control was 
established at less than 70 mg/dL for ‘acute coronary syndrome’, ‘familial hypercholesterolemia’, ‘diabetes 
mellitus’ and ‘complications of CAD and atherothrombotic cerebral infarction’ in secondary prevention.

5) The following items are newly listed based on recent research findings and requests from the clinical field.
a. Clinical laboratory tests for dyslipidemia
b.  Subclinical atherosclerosis (current clinical implications of Carotid Intima-media thickness, Pulse wave 

velocity, Cardio Ankle Vascular Index, etc.)
c.  Nonalcoholic fatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), currently, MASLD/

MASH
d. Lifestyle modification for alcohol drinking
e. Health guidance based on health behavior theory 
f. Risk management for Chronic kidney disease (CKD)
g. Secondary dyslipidemia  

In revising this guideline, the following chapters and sections in particular require the Japan Atherosclerosis 
Society to present the latest evidence, so a systematic review (SR) was conducted, and a statement was prepared.

•  Chapter 2 “Comprehensive Risk Assessment for Prevention of ASCVD”: diagnostic criteria for dyslipidemia, 
diabetes and prediabetes, subclinical atherosclerosis, NAFLD and NASH (Currently, MASLD/MASH). 

•  Chapter 3 “Comprehensive Risk Management for Prevention of ASCVD”: absolute risk of ASCVD and 
lipid management targets, diet, exercise, health guidance based on health behavior theory, drug therapy 
(including treatment of dyslipidemia in diabetes) 

• Chapter 4 “Familial Hypercholesterolemia.” 

The procedure proceeded as follows.
1)  Establish a Clinical Question (CQ) for the item(s) indicated and designate it as a BQ or FQ using the 

following definitions.
•  BQ (background question): A question about information that provides background information on 

the topic, such as disease incidence, symptoms, and natural course of disease onset. It is mainly based 
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on epidemiological studies (observational studies) and presents only the level of evidence, without 
recommendations.

•  FQ (foreground question): A question related to decision-making in clinical practice about the choice 
of medical treatment. Among the foreground questions, clinical issues for which multiple options exist 
in the current medical process and the balance of benefits and harms is unclear, and for which a 
recommendation is expected to improve patient outcomes are considered important clinical issues. 
Basically, PICO (Patient, Intervention, Comparison, Outcome) can be established, and 
recommendations are made mainly based on randomized controlled trials (RCT). However, in some 
areas, PECO (Patient, Exposure, Comparison, Outcome) may be used.

2)  The level of evidence should be described based on the following criteria. The level of evidence is divided 
into evidence of treatment interventions and evidence of epidemiological studies.

3)  In principle, the text in the FQ is described as “recommend” for Recommendation A, and “suggest” for 
Recommendation B.

4)  Those for which a recommendation A/B cannot be determined from the SR, or for which there is no RCT, 
but which the committee would like to recommend, were designated as “consensus”.

5)  The recommendation level is determined by the modified Delphi method. The experts, given the 
appropriate information on the issues to be considered, will first evaluate them individually (Round 1), and 
then, after discussion at a meeting using the results of the evaluation as reference material, will evaluate 

Classification of the level of evidence for treatment interventions

1+ High quality RCTs* and their MA/SR

1 Other RCTs and their MA/SR

2 Prospective cohort studies, their MA/SR, (predefined) RCT sub analysis

3 Non-randomized controlled trials, before and after studies, retrospective cohort 
studies, case-control studies, and their MA/SR and RCT post hoc sub-analysis

4 Cross-sectional studies, case series

Consensus Consensus of the members of the JAS guideline committee.
RCT: randomized controlled trial, MA: meta-analysis, SR: systematic review
* A high-quality RCT is defined as (1) large number of subjects, (2) double-blind, independent assessment, (3) high follow-up rate (low dropout rate), 
and (3) Low protocol deviation (4) Clear random allocation method, etc.

Classification of Evidence Levels for Epidemiological Studies

E-1a Meta-analysis of cohort studies

E-1b Cohort studies

E-2 Case-control studies, cross-sectional studies

E-3 Descriptive studies (case series)

Recommendation Levels

A recommend

B suggest
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them again individually (Round 2). On the basis of the median value obtained as a result of the second 
round, a consensus on the recommendation is reached. In the case of polarization, the recommendation 
will be judged as a disagreement rather than a consensus. 

While previous guidelines have focused on the prevention of CAD, this guideline also focuses on 
atherothrombotic cerebral infarction for the first time, aiming to prevent ASCVD by more comprehensively. This 
guideline is intended to be used by all physicians, members of the medical team and health administrators who 
manage the risk of atherosclerosis to prevent the onset and recurrence of ASCVD, including CAD such as 
myocardial infarction and angina pectoris, and cerebrovascular disorders such as cerebral infarction.  However, it 
should be noted that the diagnosis and treatment of each patient should be decided by the physician in charge of 
the patient and that this is not a regulation that must be followed.
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Stenosis should be evaluated if luminal plaque 
occupancy is greater than 50% on short-axis scanning. 
In the case of significant stenosis (peak systolic blood 
flow velocity of 200-230 cm/s or more, corresponding 
to 70% or more by NASCET method8)), carotid 
endarterectomy and carotid artery stenting should be 
considered in addition to aggressive medical therapy.

In addition to physical findings such as pulse 
palpation and blood pressure measurement, diagnostic 
imaging is especially essential for the diagnosis of PAD 
in the arteries of the lower extremities. Among these, 
ultrasound examination increases diagnostic precision 
when combined with the Ankle Brachial Index (ABI) 
because of its simplicity, non-invasiveness, and ability 
to evaluate blood flow9, 10). Basically, plaque 
characteristics and the degree of stenosis are evaluated, 
but it is also possible to estimate the site of stenosis by 
confirming the presence of collateral blood vessels, 
blood flow wave patterns, and the Transit Time of 
Vessel Flow (TVF) of the leg11). 

In the aorta, the main evaluation is for 
abdominal aortic aneurysms12). In particular, the mass 
diameter (maximum short diameter) and its shape can 
be useful in determining whether it is eligible for 
surgical treatment. Ultrasound can also confirm the 
presence of a mobile component if there is an internal 
thrombus. Ultrasound is also useful in the diagnosis of 
atherosclerotic renal artery stenosis in the renal 
arteries13, 14).

1.2 CT (Computed Tomography)
CT is an examination method that can diagnose 

atherosclerotic lesions in a short time. By diagnosing 
the size of the artery, the presence of an aneurysm can 
be confirmed. It is also excellent for confirming the 
presence of calcified lesions in head and neck arteries, 
aorta, and peripheral arteries, since CT values allow 
some estimation of calcification, fat, and fiber content. 
Multi-detector row CT (MDCT) is actively used as a 
non-contrast examination because of its faster imaging 
speed and superior spatial resolution. It is especially 
useful to observe the presence of coronary artery 
calcification by non-contrast MDCT in patients with 
abnormal glucose metabolism when carotid artery 
ultrasonography shows IMT thickening or plaque, or 
when high baPWV and CAVI and low ABI are 
observed, as described below15). In cases of moderate 
or higher, contrast can be injected through a 
peripheral vein for a more detailed depiction of the 
coronary arteries and systemic arteries and is widely 

From the viewpoint of prevention of ASCVD, it 
is important to identify the presence and extent of 
atherosclerotic lesions before clinical symptoms 
appear, and to manage and treat risk factors with 
consideration given to prevention of their 
development or even regression. While invasive 
diagnostic methods, including angiography, are 
necessary in the secondary prevention of ASCVD, 
non-invasive diagnostic methods are the main method 
to assess arterial stiffness in primary prevention. Here, 
we will focus on the non-invasive methods currently 
used to assess atherosclerosis, which are divided into 
morphological and vascular function testing methods.

1. Morphological Examination Method
1.1 Ultrasound Examination

Ultrasound examinations from the body surface 
are widely used as a non-invasive imaging method for 
arteriosclerosis because they are inexpensive, simple, 
and safe. Ultrasound equipment using a linear 7-10 
MHz or higher high frequency probe allows evaluation 
of peripheral arterial lesions, such as carotid arteries 
and lower extremity arteries. The use of a convex 3.5 
to 6 MHz probe also allows evaluation of the abdominal 
aorta and renal arteries.

In the carotid artery, the measurement of intima-
media thickness (IMT), plaque thickness (localized 
bulging lesion of 1.1 mm or more), plaque 
characteristics, and degree of stenosis are recommended 
as standard evaluation methods for arterial stiffness by 
the Japan Society of Ultrasonics in Medicine and the 
Japan Academy of Neurosonology1). IMT should be 
evaluated as age-dependent thickening2). IMT is also 
used as a surrogate indicator for predicting the risk of 
complications and development of ASCVD (CAD, 
peripheral arterial disease (PAD), cerebrovascular 
disease, etc.)3-6). The standard evaluation method 
recommends measuring maximum IMT and IMT-
C10 (IMT in the distal wall 10 mm proximal to the 
carotid sinus). The presence of plaque lesions is more 
important than the IMT index in predicting disease, 
but in cases without plaque, a high IMT value is the 
underlying pathology of the appearance of plaque. 
Referring to the Mannheim consensus, plaques with a 
maximum thickness greater than 1.5 mm should also 
be evaluated for characterization1, 7), especially plaques 
with vulnerability to potential cerebral embolic 
sources (such as echolucent plaques, ulcerative lesions, 
mobile lesions, and plaques with large lipid cores). 

Chapter 1.  Clinical Diagnosis of Atherosclerosis
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2. Vascular Function Examination Methods
For examination of vascular function, the 

Japanese Circulation Society22) and the Japan Society 
for Vascular Failure23) have provided detailed indices 
for reference.

2.1  Ankle Brachial Index (ABI) and Toe 
Brachial Index (TBI)
The ABI calculates the ratio of blood pressure at 

the level of the ankle joint to that at the brachial 
artery, indicating the presence of a stenotic or 
occlusive lesion in the main artery central to the ankle 
joint and the degree of compensation by the collateral 
blood vessels.  Doppler and oscillometric methods are 
used to measure blood pressure. When measuring 
with a sphygmomanometer, brachial blood pressure 
should be measured with a stethoscope and ankle 
blood pressure should be measured with the Doppler 
method. Oscillometric methods are used for automatic 
measurements with automatic sphygmomanometers 
or specialized devices. Although the correlation 
between the two is generally good, the accuracy of the 
oscillometric method decreases with critical limb 
ischemia. If ABI is less than 0.90, obstructive lesions 
are suspected23, 24). TBI looks at the ratio of blood 
pressure at the level of the toes to blood pressure in 
the brachial artery. When measured with ABI, 
peripheral ankle joint obstructive lesions can be 
inferred. The standard value for TBI is 0.7 or higher; 
if the value is 0.6 or lower, an occlusive lesion of the 
lower extremity artery is suspected. It should be noted 
that diabetics and dialysis patients are prone to 
calcification of the inferior arterial wall, which can 
result in inaccurate ABI measurements in some cases.

2.2  Brachialankle Pulse Wave Velocity 
(baPWV)
The arterial pulse wave velocity (PWV) generated 

by cardiac output reflects the degree of arterial 
stiffness25). It can be easily measured by measuring the 
pulse wave of an extremity with a dedicated device, 
but it should be noted that it is an indicator of arterial 
s t i f fness  and does  not  necessar i ly  ref lect 
atherosclerosis. The PWV is the speed at which the 
aortic pulsation (pulse wave) generated by the beating 
heart propagates to the periphery. PWV is 
proportional to the stiffness and thickening. There are 
two types of measurements: cfPWV (carotid-femoral 
PWV) and baPWV. baPWV is used in actual clinical 
practice in Japan. It should be noted that baPWV is 
affected by blood pressure at the time of 
measurement. 

Cardiovascular disease risk factors that increase 

used in the evaluation of CAD and PAD. 
Furthermore, MDCT has high sensitivity and 
specificity for detecting CAD16-19), and the presence of 
organic coronary artery stenosis is almost always ruled 
out when there is no abnormality with this method. 
Recently, new methods have been developed to 
improve the diagnostic performance of CAD. In 
particular, CT myocardial perfusion and fractional 
flow reserve CT improve the diagnostic performance 
of CAD compared to CT angiography20).

If chest CT was taken for purposes other than 
the evaluation of ASCVD, depending on the patient’s 
profile, it may be desirable to confirm the presence or 
absence of coronary artery calcification to aid in a 
further detailed assessment of the patient’s risk.

1.3  MRI, MRA (Magnetic Resonance 
Imaging, MR Angiography)
MRI is particularly useful for identifying 

ischemic changes and infarct lesions in the brain. 
MRA is also excellent in showing stenotic and 
occlusive lesions not only in the intracranial arteries 
and carotid arteries, but also in the aorta, renal 
arteries, and arteries of the lower extremities. Recently, 
noncontrast MRA examinations are sometimes used 
in place of angiography. MRI plaque imaging 
examinations can also be used to evaluate plaque 
characteristics. Combining MRI/MRA with 
ultrasound examination improves diagnostic accuracy 
not only in the evaluation of stenotic or occlusive 
lesions, but also in the diagnosis of plaque 
characteristics. There is no clear difference in 
diagnostic performance between invasive catheter 
examination and echocardiography or cardiovascular 
MRI when stable CAD is suspected21).

1.4 Catheterization Examination
Catheter-based angiography is an invasive 

examination and is used as needed when ASCVD is 
suspected by non-invasive examinations. The stenosis 
ratio is calculated from the lumen diameter of the 
stenotic area and the area considered normal, but 
there are limitations in accurately evaluating the 
amount of plaque, such as eccentric plaque and 
compensatory remodeling. On the other hand, 
intravascular ultrasound (IVUS), optical coherence 
tomography (OCT), and vascular endoscopy are 
superior in assessing not only plaque volume but also 
plaque characteristics. In recent years, aortic 
endoscopy has been used to observe embolisms caused 
by plaque disruption. An examination method that 
measures the ratio of coronary blood flow reserve 
using a pressure wire has also been implemented as a 
functional coronary artery stenosis evaluation method.
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popliteal arterial bed. 
FMD is an examination to evaluate the degree of 

dilation of the brachial artery caused by reactive 
hyperemia after 5 minutes of inhibition of the forearm 
and is calculated as follows: FMD (%)=(maximal 
diameter of the dilated artery - diameter of the resting 
artery) / diameter of the resting artery x 100. Normal 
FMD is above 7%, and when endothelial cells are 
damaged, nitric oxide (NO) production is reduced 
and FMD is low. Values between 4% and 7% are 
borderline values, and those less than 4% are 
considered abnormal23). Since FMD declines from the 
early stages of atherosclerosis37, 38), it is useful in the 
initial assessment of ASCVD. 

RH-PAT uses a dedicated probe to detect the 
volume pulse wave of the fingertip microvascular bed 
in each of the left and right fingers. Like FMD, it 
measures the arterial diastolic function of reactive 
hyperemia after 5 minutes of forearm inhibition, but 
unlike FMD, it evaluates the increase over time in the 
pulse wave of the volume of the finger volume. The 
normal value of RH-PAT is 2.10 or higher, and when 
endothelial cells are damaged, RH-PAT is also low; 
values between 1.67 and 2.10 are borderline and 
values below 1.67 are considered abnormal23).

3.  Risk Prediction for ASCVD by Arterial 
Wall Assessment and its Problems

As mentioned above, carotid IMT/plaque, ABI, 
baPWV, CAVI, and FMD are considered independent 
predictors of future development of ASCVD. 
However, overseas studies have reported that adding 
carotid IMT measurements does not increase the risk 
prediction power of the Framingham Risk Score39). 
Although there have been reports on the importance 
of carotid artery stiffness assessment in Japan40), it is 
not yet clear whether it can contribute to improving 
the accuracy of existing risk assessment models. 

One issue to be aware of when predicting risk is 
the measurement method and interpretation of the 
results obtained. For example, carotid IMT and 
plaque thickness are often measured manually at the 
time of the actual examination, and it is not always 
clear whether they are evaluated at the same level at 
follow-up. On the other hand, vascular function 
examinations are a standardized measurement method, 
and the reliability of the obtained values is high, but 
the values can also vary with body shape, blood 
pressure level, and arrhythmia, as well as the need to 
adjust conditions during measurement, such as the 
interval between meals and room temperature. 

More evidence needs to be developed so that 
abnormal findings in these indices, with the exception 

baPWV include aging26), hypertension27), diabetes28), 
and pulse rate26), which correlate well with the 
Framingham Risk Score. The normal value of baPWV 
is less than 1,400 cm/s, and values greater than 1,800 
cm/s are judged abnormal23). In Japanese data, the 
addition of baPWV to classical risk factors has been 
shown to significantly increase the predictive ability of 
the risk of developing cardiovascular disease29), 
especially in low-risk groups.

2.3  Stiffness Parameter β, Cardio Ankle 
Vascular Index (CAVI)
The stiffness parameter β is a measure of the 

degree of stiffness inherent in the local arterial wall. It 
was devised as an index of arterial elasticity 
performance that is less sensitive to blood pressure by 
correcting for blood pressure at the time of 
measurement30). It is calculated from the change in 
carotid artery caliber and blood pressure as ln (Ps/Pd)/
[(Ds-Dd)/Dd] (Ps=systolic blood pressure, 
Pd=diastolic blood pressure, Ds=carotid end systolic 
diameter, Dd=carotid end diastolic diameter) and its 
correlation with carotid artery stiffness has been 
reported31, 32). 

CAVI applies the concept of a stiffness parameter 
β to arteries with length and is an index of elastic 
performance of the entire artery from the aortic root 
to the lower extremity ankle30). A characteristic of 
CAVI is that it is less affected by blood pressure at the 
time of measurement32). CAVI increases with age33) 
and in patients with stroke, cardiovascular disease34), 
chronic kidney disease (CKD) and vasculitis, and also 
increases with hypertension, diabetes, metabolic 
syndrome, sleep apnea syndrome, smoking, and 
disaster stress, but it has been reported to improve 
with treatment for each of these conditions30). 
Prospective cardiovascular event studies have reported 
that higher levels of CAVI are associated with a higher 
frequency of cardiovascular events35, 36). The normal 
value of CAVI is less than 8.0, and a value of 9.0 or 
higher is considered abnormal23).

2.4 Vascular Endothelial Function 
Vascular endothelial function is evaluated by 

measuring changes in forearm blood flow and 
diameter of the brachial artery in response to 
endothelium-dependent increases in blood flow 
caused by drugs such as acetylcholine and reactive 
hyperemia after 5 minutes of forearm ejection. The 
most commonly used techniques are flow-mediated 
dilatation (FMD), which measures changes in brachial 
artery diameter using ultrasound, and reactive 
hyperemia peripheral arterial tonometry (RH-PAT), 
which measures changes in volume pulse wave in the 
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and accurate measurement method was sought in the 
outpatient examination room. As a result, in 2018, 
the Japan Atherosclerosis Society and the Japan 
Society of Ultrasonics in Medicine publicly 
announced a standard evaluation method for ‘Achilles 
tendon thickness measurement by ultrasound method’ 
for screening adult FH41). Here, the thickness of the 
Achilles tendon can be easily measured using a 
general-purpose ultrasound system with a linear probe 
of about 7.5 to 24 MHz. Since significant Achilles 
tendon thickening may be present, different probes 
are used as needed. The threshold for diagnosing 
Achilles tendon thickness is a thickening of 6.0 mm or 
more for men and 5.5 mm or more for women in the 
anteroposterior diameter. The revised criteria for the 
diagnosis of FH now include the thickness of the 
Achilles tendon measured by ultrasound. (See Chapter 
4, “Familial Hypercholesterolemia”, Methods of 
measurement are described at the end of this 
guideline.)

of ABI, are reflected in the risk categories of the 
ASCVD prevention guidelines, leading to stricter 
management.

4.  Evaluation of Achilles Tendon Thickness 
in Familial Hypercholesterolemia

Familial hypercholesterolemia (FH) is at high 
risk of developing premature CAD, so early diagnosis 
and treatment are desirable. One of the diagnostic 
criteria is measuring the thickness of Achilles tendon 
thickness. The previous diagnostic criteria were 9 mm 
or more on X-ray (soft X-ray) imaging, but the revised 
criteria are now 8 mm or more for men and 7.5 mm 
or more for women. 

The boundary between the skin and the Achilles 
tendon is unclear and difficult to measure when 
reading X-rays. There is also a discrepancy in that 
palpation evaluates the transverse width of the Achilles 
tendon, whereas X-rays evaluate the thickness in the 
anterior-posterior direction. For this reason, a simple 
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As well as many epidemiologic studies in the U.S. 
and Europe including the Framingham study in the 
U.S., some cohort studies of Japanese subjects have 
confirmed that the hazard ratio for the incidence of 
CAD and death increases with elevated LDL 
cholesterol (LDL-C) levels42-47). CIRCS study showed 
that for every 30 mg/dL increase in LDL-C, the hazard 
ratio increased 1.3-fold in men and 1.25-fold in 
women43). Thus, it is clear that elevated LDL-C 
increases the risk of developing CAD even in Japanese. 
The Suita study showed that the risk of myocardial 
infarction was positively associated with LDL-C in 
men, but not in women, but was positively associated 
with LDL-C in both sexes combined47). The 
probability of developing CAD during one’s lifetime 
(lifetime risk) was 47.2% for men with LDL-C ＞160 
mg/dL (high LDL-C group) and 13.7% for men with 
LDL-C ＜160 mg/dL (low LDL-C group) at age 45, 
and 44.5% for high LDL-C group and 10.7% for low 
LDL-C group at age 75. There was a significant 
difference between the high and low LDL-C groups. 
Among women, that was 10.2% in the high LDL-C 
group and 7.1% in the low LDL-C group at age 45, 
and 7.5% in the high LDL-C group and 6.4% in the 
low LDL-C group at age 75, which was higher in the 
high LDL-C group but not significant48). 

For cerebral infarction, LDL-C was also 

significantly positively associated with the risk of 
atherothrombotic cerebral infarction42), but conversely, 
for hemorrhagic stroke (mainly intracerebral 
hemorrhage), a negative association was reported with 
a lower hazard ratio in the group with higher LDL-
C46). 

Interventional trials including lifestyle 
modification for hyper-LDL cholesterolemia have 
shown to significantly reduce CAD in US and Europe. 
Large-scale clinical trials have been reported in also 
Japan49-52), and it has become clear that treatment of 
hyper-LDL cholesterolemia reduces CAD in Japanese 
patients. Meanwhile, lowering LDL-C in these trials 
has not been associated with an increased risk of 
intracerebral hemorrhage.

Overlapping risk factors also increase the 
incidence and mortality of CAD in the Japanese 
population53, 54). It has been shown that even with the 
same degree of hypertension, the addition of hyper-
LDL cholesterolemia contributes to an increased risk 
for cardiovascular diseases55). 

Considering these facts, this guideline sets the 
screening threshold for Japanese as LDL-C 140 mg/dL or 
higher, and LDL-C 120 to 139 mg/dL as the borderline 
range where the influence of overlapping other risk 
factors should be carefully judged.

Chapter 2.  Comprehensive Risk Assessment for ASCVD Prevention

1. Risk Factor Assessment
1.1 Dyslipidemia

(1) Lipid Abnormality

BQ1  Does LDL cholesterol predict the incidence and mortality of ASCVD in the Japanese 
population?

Elevated LDL cholesterol predicts the future incidence and mortality of CAD. LDL cholesterol 
has been shown to be positively associated with cerebral infarction and negatively associated 
with hemorrhagic stroke, but there is not enough evidence compared to total cholesterol in the 
Japanese population. (Level of evidence: E-1b)

BQ2  Does total cholesterol (TC) predict the incidence and mortality of ASCVD in the 
Japanese population?

Elevated total cholesterol predicts the future incidence and mortality of CAD. Regarding stroke, 
in common with many studies, total cholesterol predicts stroke incidence and death, with a 
positive relationship for cerebral infarction and a negative relationship for hemorrhagic stroke. 
(Level of evidence: E-1a)
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CAD66, 67). 
EPOCH-JAPAN showed a synergistic effect of 

blood pressure and TC on CAD mortality68). The 
overlap of systolic blood pressure ≥ 160 mmHg and 
TC ≥ 220 mg/dL increased the adjusted hazard ratio 
for CAD death by 4.4-fold compared to the group with 
blood pressure ＜120 mmHg and TC ＜180 mg/dL. 
On the other hand, death from intracerebral 
hemorrhage was lower in the group with TC 220 mg/dL 
or higher,  even within normotensive and 
normotensive ranges of the guideline for the 
management of hypertension 2019 (JSH 2019). 
Furthermore, the lifetime risk (LTR) of CAD death at 
age 35 years in the TC 220 mg/dL or higher group 
was 7.73% for men and 5.77% for women with 
degree II or III hypertension, which were 2% higher 
than those in the TC less than 220 mg/dL group. In 
the normotensive and normotensive hypertensive 
groups, the absolute difference in LTR between the 
TC 220 mg/dL and TC ＜220 mg/dL groups was 
0.25% for men and 0.01% for women. In other 
words, the increase in LTR of CAD mortality due to 
high TC was distinct in the hypertensive group69).

As in LDL-C mentioned above, numerous 
cohort studies in Japan have reported an increase in 
CAD incidence and mortality with increasing TC56-62). 
In NIPPON DATA80 study, from 24 years of 
follow-up, the hazard ratio for CAD death in the 
group with TC 220 mg/dL or higher was 1.55 times 
higher than in the group with TC less than 220 mg/dL, 
and the population attributable risk factor (PAF) was 
18.2%60). When this criterion was set at TC 240 mg/dL, 
the hazard ratio was 1.79 times higher, but the PAF 
decreased to 11.9%. Although the association between 
TC and the incidence and mortality of CAD was 
nearly linear, a statistically significant increase in risk 
was observed from around TC 220 mg/dL in many 
studies. The relationship between TC and the risk of 
CAD mortality was found in both men and women, 
but the association weakened in those over 65 years63). 

With regard to stroke, the association between 
TC and hazard ratio differs depending on cerebral 
infarction and hemorrhagic stroke (mainly 
intracerebral hemorrhage). A low TC increased the 
risk of developing hemorrhagic stroke and 
intracerebral hemorrhage63-65), whereas a high TC 
increased the risk for cerebral infarction as well as 

BQ3  Does non-HDL cholesterol predict the incidence and mortality of ASCVD in the 
Japanese population?

Elevated non-HDL cholesterol predicts the future incidence and mortality of CAD. On the 
other hand, there are reports of no association with stroke. (Level of evidence: E-1b)

Non-HDL-C is considered to be a better 
predictor of ASCVD than LDL-C because it contains 
all atherosclerosis-inducing lipoproteins, including 
remnant lipoproteins70, 71). Various epidemiological 
survey results on the association between non-HDL-C 
and CAD have been reported in Japan47, 59, 72-78). Non-
HDL-C was associated with the development of 
myocardial infarction as well as LDL-C, and the 
predictive ability of both was equivalent47). On the 
other hand, the predictive ability of non-HDL-C for 
myocardial infarction was superior to that of TC59). 
The risk of non-HDL-C for the incidence and 
mortality of CAD and myocardial infarction has been 
reported to increase in men, women, or men and 
women combined from around 140 mg/dL72, 75, 77, 79), 
and all studies showed a clear increase above 170-180 
mg/dL. LTR at 45 years for men was significantly higher 
in the group of 190 mg/dL or higher, 41.5% in the 
group of non-HDL-C 190 mg/dL or higher and 12.7% 
in the group of non-HDL-C less than 190 mg/dL, 
while there was no significant difference in women48). 

In a report examined the risk of myocardial 

infarction for non-HDL-C with and without 
hypertriglyceridemia71), a clear increase in risk of 
myocardial infarction was observed for hypertriglyceridemia 
(≥ 150 mg/dL) and non-HDL-C ≥ 190 mg/dL. The 
risk of CAD was significantly higher in the CKD 
group with a non-HDL-C level of 150 mg/dL or 
higher compared to those with a non-HDL-C level of 
less than 150 mg/dL, while the risk of CAD was 
significantly higher in the non-CKD group with a 
non-HDL-C level of 190 mg/dL or higher80). 

It should be noted that LDL-C + 30 mg/dL is a 
reasonable standard for non-HDL-C in Japanese 
patients with dyslipidemia as in the U.S.81, 82). 

On the other hand, with regard to stroke, while 
there are reports that the association with any disease 
type is not clear and others that a positive association 
with atherothrombotic cerebral infarction has been 
observed59, 75) , there are various reports that the risk of 
cerebral infarction, especially cardiogenic embolism, is 
increased when non-HDL-C is low78). The JPHC 
study found a U-shaped association between non-
HDL-C and risk of stroke, with an inverse association 
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and mortality of CAD, and we set a screening 
criterion for non-HDL-C of 170 mg/dL or higher in 
this guideline. In addition, non-HDL-C 150-169 mg/
dL was established as a borderline range where the 
effects of overlapping other risk factors should be 
carefully judged.

with intracerebral hemorrhage and a positive 
association with cortical branch cerebral infarction in 
men. The lowest risk among women was in the 160-
181 mg/dL group for intracerebral hemorrhage and in 
the 141-159 mg/dL group for embolic infarction79). 

Based on these results, we concluded that non-
HDL-C is a useful indicator that can predict the onset 

Low levels of HDL-C are associated with the risk 
of developing CAD and cerebral infarction; conversely, 
higher levels are associated with a lower risk45, 61, 83-87). 
In NIPPON DATA90, HDL-C was significantly 
negatively associated with all-cause mortality and 
stroke mortality over a 9.6-year observation period88). 
Regional and occupational cohort studies have shown 
an increased risk of developing CAD at levels below 
40 mg/dL54, 61, 85, 86), and in J-LIT, a cohort of 
simvastatin users, the relative risk in the group below 
40 mg/dL compared to the group with HDL-C 
between 40 and 49 mg/dL was 1.3 times higher for 
primary prevention89) and 1.6 times higher for 
secondary prevention90). An observational study of the 
general population in 23 Asian and Oceania regions, 
including Japan, showed that low HDL-C, especially 
in Asian regions, is a risk factor for CAD, even if 
LDL-C and TG are in the normal range and only 
HDL-C is low91). However, a large cohort study 
limited to Japanese only showed that low HDL-C 

alone is not a risk factor for CAD or stroke92, 93). 
Furthermore, a large Japanese cohort study reported a 
significantly higher risk of death from CAD and 
cerebral infarction in a group with extremely high 
HDL-C (＞90 mg/dL) compared to a group with 
HDL-C between 40 and 59 mg/dL. Extremely high 
HDL-C, ＞90 mg/dL, was observed in as few as 1.5% 
of the reported cohort subjects but was more 
pronounced in those who drank alcohol. Further 
findings are needed to determine whether hyper-HDL 
cholesterolemia is a risk factor, taking into account 
confounders of alcohol consumption94). 

Considering the above, this guideline set a 
screening criterion for hypo-HDL cholesterolemia of 
less than 40 mg/dL. Women generally have higher 
HDL-C levels than men54, 88, 95). However, there is 
currently insufficient evidence regarding the 
association between gender differences in HDL-C and 
CAD in men and women85), so this guideline uses the 
same cut-off values as for men.

BQ4  Does HDL cholesterol predict the incidence and mortality of ASCVD in the Japanese 
population?

Low HDL cholesterol predicts the future incidence and mortality of CAD and cerebral 
infarction. On the other hand, extremely high HDL cholesterol has been reported to be 
associated with higher mortality from CAD and cerebral infarction. (Level of evidence: E-1b)

BQ5  Does triglyceride (TG) predict the incidence and mortality of ASCVD in the Japanese 
population?

Triglycerides, whether fasting or not fasting, predict the future incidence and mortality of CAD 
and cerebral infarction. (Level of evidence: E-1b)

High levels of TG have been reported to be 
associated with the risk of CAD not only in Europe 
and the United States96), but also in Asia and 
Oceania97) and Japan54, 85, 98-102). Several of these studies 
have found an association between TG and CAD even 
after correcting for HDL-C96-99). In the United States, 
the Framingham study defined hypertriglyceridemia 
as a fasting TG of 150 mg/dL or more (fasting)103). 
Usually, TG has been assessed by fasting blood 
sampling, but some reports suggest that non-fasting 

blood sampling is rather more predictive of 
cardiovascular events101). The EAS/EFLM Consensus 
Statement define hypertriglyceridemia as non-fasting 
TG of 175 mg/dL or more. Epidemiological studies in 
Japan have shown that the incidence of CAD increases 
at fasting TG levels of 150 mg/dL or higher54, 104), 
myocardial infarction, exertional angina, and sudden 
death at non-fasting TG levels of 167 mg/dL or 
higher98), and an increased risk of developing ischemic 
cardiovascular disease from approximately similar TG 
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management of dyslipidemia is important due to the 
fact that LDL-C and TC have been increasing in the 
Japanese population with recent westernization of 
lifestyles, and TC levels are now equal to or higher 
than those in the US109) and reports that the incidence 
of CAD is beginning to rise in some regions110-112). 
Therefore, in this guideline, diagnostic cut-off values 
for dyslipidemia were established as shown in Table 1, 
with emphasis on the prevention of the development 
of CAD. 

The first step in the diagnostic procedure is to 
measure TC, TG, and HDL-C in the early morning 
fasting state. LDL-C is calculated using the Friedewald 
formula (LDL-C=TC-HDL-C-TG/5), but the direct 
method is also acceptable. The measurement of 
LDL-C by the direct method was previously pointed 
out to have accuracy problems113). However, the 
reagents that had been determined to be defective 
were discontinued, improved, and the standard values 
were modified, and as a result the performance of the 
reagents was improved, and the validity of the LDL-C 
measurement was confirmed within the scope of 
routine practice113). It should be noted, however, that 
the majority of clinical trials providing evidence for 
the treatment of hyper-LDL cholesterolemia evaluate 
LDL-C using the Friedewald formula, and the basis 
for diagnostic criteria and target treatment values are 
based on the Friedewald formula. After a meal or 
when the TG is 400 mg/dL or higher, the non-
HDL-C or LDL-C direct method should be used. 
However, since the direct method is not accurate 
when TG is 1,000 mg/dL or higher114) and non-
HDLC is not accurate when TG is 600 mg/dL or 
higher, other methods should be considered for 

levels101). Furthermore, there are many reports that 
hypertriglyceridemia is associated with an increased 
risk of cerebral infarction54, 73, 97, 101, 105, 106). NIPPON 
DATA90 showed that the risk of cardiovascular disease 
mortality was increased when non-fasting TG was 210 
mg/dL or higher compared with 150-179 mg/dL, a 
U-shaped association was found between non-fasting 
TG and cardiovascular disease mortality, and the risk 
of cardiovascular death increased with lower non-
fasting TG in the group over 65 years of age and with 
higher non-fasting TG in the group under 65 years of 
age107). 

Considering the above, this guideline defines 
hypertriglyceridemia as fasting TG ≥ 150 mg/dL and 
non-fasting TG ≥ 175 mg/dL, in consideration of the 
reports of epidemiological studies in Japan and 
consistency with the EAS/EFLM Consensus 
Statement. 

Diagnostic Criteria for Dyslipidemia
As shown in the diagnostic criteria for 

dyslipidemia BQ 1-5, epidemiological studies have 
shown that the higher the LDL-C, TC, non-HDL-C 
and TG, and the lower the HDL-C, the higher the 
incidence of CAD, not only in Europe and the United 
States, but also in Japan. On the other hand, for 
cerebral infarction (mainly atherothrombotic cerebral 
infarction) among strokes, the association is almost 
the same as for CAD, but for hemorrhagic stroke 
(mainly intracerebral hemorrhage), the incidence and 
mortality rates are higher at low levels of LDL-C and 
TC. The absolute risk (incidence and mortality) of 
CAD in Japan is currently very low compared to 
Europe and the United States108). However, the 

Table 1. Dyslipidemia Diagnostic Criteria

LDL‐C ≥ 140 mg/dL Hyper‐LDL Cholesterolemia

120 ‐ 139 mg/dL Borderline hyper‐LDLcholesterolemia＊＊

HDL‐C ＜40 mg/dL Hypo‐HDL Cholesterolemia

TG ≥ 150 mg/dL (fasting＊) Hypertriglyceridemia

≥ 175 mg/dL (non‐fasting, any time＊)

Non‐HDL Cholesterol ≥ 170 mg/dL Hyper‐non‐HDL cholesterolemia

150 ‐ 169 mg/dL Borderline hyper‐non‐HDL cholesterolemia＊＊

＊Fasting for more than 10 hours is considered ‘fasting’. However, the consumption of noncaloric fluids such as water and tea is acceptable. If the 
patient is not confirmed to fast, it is defined as ‘non‐fasting’ or ‘anytime’.
＊＊If screening shows borderline hyper‐LDL cholesterolemia or borderline hyper‐non‐HDL cholesterolemia, investigate whether there are any high‐ 
risk conditions and consider the need for treatment.
‐ LDL‐C is calculated using the Friedewald formula (TC－HDL‐C－TG/5) (only for fasting blood samples), or through a direct method.
‐ If TG is ＞400 mg/dL or non‐fasting blood is collected, use non‐HDL‐C (=TC－HDL‐C) or LDL‐C direct method. However, when non‐HDL‐
C is used in the screening, the risk should be evaluated with the possibility that the difference from LDL‐C may be less than +30 mg/dL in the 
absence of hypertriglyceridemia.
‐ The cut‐off value for TG varies depending on whether the blood is collected fasting or non‐fasting.
‐ HDL‐C alone is not a target for drug intervention
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method is reliable even for samples with TG 
concentrations of 400 mg/dL or higher.

3) HDL-C:
HDL-C is commonly measured by direct 

methods in clinical practice. Although there are several 
reagents with different principles for the direct 
method, any reagent can be used with either fasting or 
non-fasting samples. In cases whose HDL 
composition is significantly different from that of 
normal HDL (HDL-C ＜20 mg/dL, ≥ 120 mg/dL, 
cholestatic liver disease, etc.), measured HDL-C values 
exhibit a wide diversity among reagents. To avoid 
misinterpretation, additional lipid/lipoprotein-related 
laboratory tests, such as apolipoprotein, should be 
performed together with HDL-C (mentioned below). 
When lipoprotein (a) (Lp(a)) is extremely high, some 
Lp(a) is recovered as HDL-C. 

4) TG:
There are two methods for measuring TG. The 

glycerol blanking method is used in Japan, which 
eliminates pre-existing free glycerol (FG) before TG 
measurement. On the other hand, the glycerol non-
elimination method is used in the U.S. and Europe, 
which includes pre-existing FG as s part of total 
glycerides. TG concentrations are affected by food 
intake. TG increases after meals. Although 
dyslipidemia, including hypertriglyceridemia, has 
traditionally been diagnosed with fasting blood 
samples, elevated postprandial TG levels or 
postprandial hyperlipidemia is attracting attention as 
a risk of ASCVD120). Fasting TG ≥ 150 mg/dL and 
non-fasting TG ≥ 175 mg/dL are diagnostic criteria 
for hypertriglyceridemia. TG measured using the FG 
blanking method has some merits in detecting 
postprandial hyperlipidemia121).

5) Non-HDL-C:
Non-HDL-C is calculated by subtracting HDL-C 

from TC. Cholesterol from all atherogenic lipoproteins, 
that is, LDL (narrowly defined), IDL and remnant 
lipoprotein, are included. Non-HDL-C shows a good 
correlation with apolipoprotein B122). Since the 
cholesterol of non-atherogenic lipoproteins, such as 
normal chylomicrons and normal VLDL, is also included 
in non-HDL-C, its impact to non-HDL-C cannot be 
ignored in cases with TG ≥ 600 mg/dL. The reliability of 
non-HDL-C cannot be endorsed. If the HDL-C direct 
method is unreliable under the above-mentioned 
conditions, non-HDL-C is affected by its error.

6) Apolipoprotein (Apoprotein):
Apolipoproteins make up most of the protein 

evaluation. For TC, HDL-C, and LDL-C, the direct 
method uses the same cut-off values even when not 
fasting, but the TG cut-off values are different for 
fasting and non-fasting.

(2) Clinical Laboratory Tests for Dyslipidemia

1) Considerations of the Lipid/Lipoprotein Assessment
We recommend that blood samples be drawn for 

lipid/lipoprotein assessment after fasting for at least 10 
hours. Non-fasting blood samples are acceptable for 
initial screening or assessment of non-fasting TG 
levels. Since chylomicrons increase in postprandial 
samples and those with severe hypertriglyceridemia, 
LDL-C should not be determined by the Friedewald 
equation in these cases115). In addition, alcohol 
consumption should be avoided on the night before 
blood collection because it prolongs the duration of 
TG elevation116). Although TC, LDL-C, and HDL-C 
decrease slightly during the day, these declines average 
around 5% from the overnight fasting levels117). Thus, 
the timing of blood collection has little effect on these 
parameters. If TG is less than 1,000 mg/dL, the direct 
methods for LDL-C and HDL-C are reliable114).

Serum lipoprotein concentrations are apparently 
affected by changes in the circulating plasma 
volume117). To avoid such an effect, blood samples 
should be drawn in a sitting position after resting for 
at least 5 minutes118). When blood samples are 
collected in the supine position or from patients 
receiving vasodilators or a large amount of infusions, 
lipid levels decrease due to increased circulating 
plasma volume. In acute myocardial infarction, serum 
lipids are significantly reduced and remain low for 
several weeks118). Although some reports indicate that 
lipid levels do not decrease significantly within 24 
hours of onset, high-dose heparin administration 
significantly lowers both TC and TG119). Since patients 
with acute coronary syndromes and percutaneous 
coronary angioplasty receive heparin, infusions, and 
vasodilators, serum lipids should be evaluated upon 
admission118, 119). 

2) LDL-C:
LDL-C is usually calculated using the Friedewald 

formula (TC - HDL-C - TG/5) or measured by the 
direct method. The former should not be used for 
postprandial (non-fasting) samples or samples with 
TG concentrations of 400 mg/dL or higher. There are 
several reagents for the direct LDL-C method based 
on different principles. Since the present available 
reagents have been proven to be unaffected by diet, 
blood samples can be taken in the non-fasting 
state114, 117). The measurement of LDL-C by the direct 
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kringle IV-2 repeats, which are determined by heredity, 
and thus varies in sizes individually. Circulating Lp(a) 
concentrations are inversely correlated in most cases 
with the molecular weights (sizes) of apo(a). The 
concentration is the combined mass concentration of 
Lp(a) constituents including proteins and lipids. High 
levels are a risk factor for ASCVD, especially CAD, 
but it should be noted that Lp(a) levels can be somewhat 
elevated due to renal failure or low estrogen, and 
transiently elevated due to invasive surgical stress or 
inflammation129, 130). Lp(a) is important as one of the 
residual risks for ASCVD, and the standardization of 
Lp(a) measurement is required131-133)

10) Free Fatty Acids and Fatty Acid Fractions:
There are two types of measurements for the 

determination of fatty acid fractions in clinical 
practice: 4- and 24-fraction. In the 4-fraction assay, 
dihomo-γ-linolenic acid (DGLA), arachidonic acid 
(AA), eicosapentaenoic acid (EPA), and docosahexaenoic 
acid (DHA) are measured by gas chromatography. 
Fatty acid fractions are measured as an adjunct to the 
diagnosis and evaluation of dyslipidemia and ASCVD. 
EPA is an n-3 unsaturated fatty acid with anti-
inflammatory and antiplatelet effects, while AA is a 
precursor of lipid mediators with proinflammatory 
and platelet aggregation effects134). The EPA/AA ratio 
is an indicator of chronic inflammation and is 
expected to be useful in the risk assessment and 
clinical follow-up of CAD and stroke134-136).

11) Lipoprotein Lipase (LPL):
LPL is an enzyme that hydrolyzes TG in 

lipoproteins and binds to vascular endothelial cells via 
heparan sulfate proteoglycans137). LPL is activated by 
apo CII and suppressed by apo CIII. Plasma LPL 
activity or protein after intravenous heparin infusion 
is measured to diagnose LPL deficiency. Small 
amounts of LPL protein are also detected in plasma 
prior to intravenous heparin infusion (preheparin 
LPL). The low levels of preheparin LPL reflect insulin 
resistance138, 139).

12)  Lecithin Cholesterol Acyltransferase (LCAT), 
Cholesteryl Ester Transfer Protein (CETP):
LCAT is an enzyme that converts cholesterol 

from the free form to the ester form. LCAT deficiency 
results in a decreased cholesteryl ester ratio and 
marked hypo-HDL cholesterolemia. Acquired causes 
of marked hypo-HDL cholesterolemia include 
decreased LCAT synthesis due to severe liver 
dysfunction and autoantibodies against LCAT140). In a 
study of heterozygous patients carrying LCAT gene 
mutat ions  us ing  u l t ra sonography,  carot id 

constituents of lipoproteins. They act as a ligand for 
lipoprotein receptors and lipid transporters or activate/
inhibit various enzymes. Since apoproteins show little 
diurnal variation, their postprandial values can be 
substituted for fasting values123). It is useful in patients 
with marked hyperlipidemia, hypolipidemia, 
cholestasis, xanthomas, etc. Although it is difficult to 
distinguish type IIb hyperlipidemia from type III 
hyperlipidemia by serum lipids, the latter can be 
diagnosed by the higher apoE/apoCIII ratio124).

7) Lipoprotein Fractions:
The main lipoprotein fractions established in a 

density-gradient or sequential ultracentrifugation are 
LDL and HDL as cholesterol-rich fractions and 
chylomicrons, VLDL, and IDL as the TG-rich 
fractions. After diagnosis of dyslipidemia, patients 
should be examined for the type of dyslipidemia (type 
I to V), which is determined by lipoprotein fraction 
tests with agarose or polyacrylamide gel electrophoresis 
and anion exchange HPLC (high performance liquid 
chromatography), as needed. The electrophoresis 
methods are basically characteristic of a qualitative 
testing, while the HPLC method is a quantitative 
assay to measure cholesterol concentrations in each of 
the five fractions125, 126). The LDL-C value by the 
Friedewald equation or by the direct method is 
equivalent to the sum of LDL-C and IDL-C values by 
the HPLC method.

8) Remnant Lipoproteins:
Remnant lipoproteins are intermediate 

metabolites generated during the metabolism of 
chylomicrons and VLDL. Remnant-like lipoprotein 
cholesterol is measured in the diagnosis and evaluation 
of dyslipidemia associated with hypertriglyceridemia, 
including type III hyperlipidemia and familial 
combined hyperlipidemia. High levels of remnant 
lipoproteins have been reported to be at an 
independent risk even when LDL-C is controlled 
below 100 mg/dL127).

In Japan, there are two measurement methods 
[remnant-like lipoprotein cholesterol by immunosorbent 
assay (RLP-C) and direct homogenous assay (RemL-C)]. 
RLP-C reflects chylomicron remnants relatively well 
while RemL-C tends to have a high correlation with 
IDL as well although the correlation between the two 
methods is high128).

9) Lipoprotein(a) [Lp(a)]
Lp(a) is a unique LDL-like lipoprotein, and 

apolipoprotein (a) [apo(a)] is covalently bound to 
apoB of the LDL particle. Apo(a) consists of repetitive 
domains, so-called kringles, and carries a number of 
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levels of sitosterol and is an autosomal recessively 
inherited disorder of lipid metabolism. Serum sitosterol 
concentrations in sitosterolemia are elevated above the 
diagnostic cut-off value of 1 mg/dL (10 μg/mL) and are 
usually markedly high, ranging from 10 to 65 mg/dL150, 151). 
In sitosterolemia, functional abnormalities associated 
with gene mutations in the ABCG5/8 result in 
impaired excretion of phytosterols, which accumulate 
in the blood and tissues, leading to xanthomas and 
premature CAD similar to FH151). In addition, 
sitosterol and campesterol are plant sterols, and their 
serum concentrations reflect small intestinal 
absorption of cholesterol, while lathosterol 
concentrations reflect cholesterol synthesis in the 
body152, 153).

15) LDL Receptor, PCSK9:
Genetic mutations in the LDLR gene cause 

FH154). Although a genetic test is not essential for the 
diagnosis of FH heterozygotes, it is valuable when it is 
difficult to distinguish severe FH heterozygotes from 
FH homozygotes or when patients are considered to 
be FH homozygotes. In FH caused by LDLR gene 
mutations, LDL receptor activity using skin fibroblasts 
or lymphocytes is markedly reduced to less than 20%. 
Gain-of-function mutations in the proprotein 
convertase subtilisin/kexin type 9 (PCSK9) gene cause 
impaired LDL receptor recycling in the liver, resulting 
in FH. A gene panel testing using a next-generation 
sequencer is considered for simultaneous analysis of 
m u l t i p l e  g e n e s  r e s p o n s i b l e  f o r  s e v e r e 
hypercholesterolemia. In FH receiving standard lipid-
lowering therapy, serum PCSK9 concentration is 
useful for risk assessment because it correlates with the 
development of coronary artery lesions and major 
cardiovascular events155). Subjects with PCSK9 gene 
mutations that reduce LDL-C are at a low risk for 
CAD156).

atherosclerosis was suppressed in familial LCAT 
deficiency, but accelerated in fish-eye disease, a partial 
deficiency of LCAT activity141). When LCAT activity 
is markedly reduced, abnormal lipoproteins called 
lipoprotein-X (Lp-X) increase. Effects of Lp-X on 
atherosclerosis are controversial142). 

CETP is a protein that transfers cholesteryl esters 
from HDL to VLDL and LDL, and its deficiency 
causes hyper-HDL cholesterolemia. HDL-C can reach 
150-200 mg/dL in completely CETP deficient 
individuals, of which some cases of CAD complications 
have been reported143).

13)  Malondialdehyde-LDL (MDA-LDL), Small 
Dense LDL (sd-LDL)
MDA-LDL is an oxidized LDL formed by 

oxidative modification of lipids such as phospholipids 
or apoproteins in LDL under oxidative stress144, 145). 
Oxidized LDL is presumably involved in a wide range 
of processes in atherosclerosis, including vascular 
endothelial cell injury, increased monocyte infiltration 
into the vessel wall, and foam cell formation144, 145). 
MDA-LDL is also useful in predicting the prognosis 
regarding the development of CAD in patients with 
diabetes with prior CAD and the prognosis regarding 
restenosis after coronary intervention treatment in 
patients with diabetes146). On the other hand, 
sd-LDL147) is a small-sized LDL particle with high 
density. Its vitamin E concentration is low and as such 
sd-LDL is susceptible to oxidative modification. In 
addition, sd-LDL has been reported to be associated 
with CAD148, 149).

14) Sitosterol and Sterol Fractions:
Sterol fractions such as sitosterol, campesterol, 

and lathosterol are measured mainly by gas 
chromatography in Japan150). Sitosterolemia is a 
designated intractable disease with abnormally high 

1.2 Smoking

•Smoking is a risk factor for CAD and stroke, and even smoking one cigarette a day increases the risk.
• Smoking is a risk factor for abdominal aortic aneurysm (AAA) and peripheral arterial disease (PAD).
•Passive smoking is a risk factor for CAD and stroke.

Numerous national and international cohort 
studies and meta-analyses have reported that smoking 
is a risk factor for CAD and stroke. The risk of CAD 
and stroke is higher than that of nonsmokers, and a 
dose-response relationship exists157-166). Even if one 
cigarette is smoked per day, the relative risk of CAD is 
1.74 (95% confidence interval: 1.50-2.03) for men 
and 2.19 (1.84-2.61) for women, and for stroke is 
1.30 (1.11-1.53) for men and 1.46 (1.20-1.78) for 

women, compared to never-smokers in both sexes, an 
increase in risk of about half that of smoking 20 
cigarettes per day167) (Fig. 1). With respect to the type 
of tobacco, there are no data showing that even low-
tar, low-nicotine cigarettes reduce risk.

A meta-analysis reported a relative risk of 4.87 
(3.9-6.02) for current smokers and 2.10 (1.76-2.50) 
for ex-smokers for AAA and indicated that the risk for 
ex-smokers 25 years after quitting smoking is 
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non-smokers, and a dose-response relationship has 
also been observed174). Smoking is not only a risk 
factor for ASCVD on its own, it also contributes to an 
increased risk of ASCVD, coupled with an increased 
risk of developing diabetes, dyslipidemia, and 
metabolic syndrome.

Recently, new types of cigarettes (e.g., heated 
tobacco products and electronic cigarettes) in forms 
different from those of conventional cigarettes have 
become available (Table 2). In Japan, nicotine is a 
drug and is therefore regulated by the Pharmaceutical 
Affairs Law (Law Concerning Quality, Efficacy, and 
Safety Assurance of Drugs and Medical Devices), and 
electronic cigarettes containing nicotine are not legally 
sold in the country. The risk of morbidity and 

comparable to that of never-smokers168). In a meta-
analysis of PAD, the odds ratio was 3.08 (2.56-3.69) 
for smokers and 1.67 (1.53-1.81) for ex-smokers, 
which was also significantly higher but lower than that 
of smokers169).

On the other hand, a meta-analysis has shown 
that passive smoking also increases the relative risk of 
developing CAD to 1.23 (1.16-1.31)170), and stroke to 
1.25 (1.12-1.38)171). Smoking and passive smoking 
increase the risk of developing type 2 diabetes with 
relative risks of 1.37 (1.33-1.42) and 1.22 (1.10-1.35), 
respectively172) and the risk of developing metabolic 
syndrome also increases with the number of cigarettes 
smoked173). Meta-analysis has shown that smokers 
have lower HDL-C and higher LDL-C and TG than 
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Fig. 1. Excess relative risk when set at 0% for nonsmoking and 100% for 20 cigarettes/day

Adapted from Hackshaw A. et al. BMJ, 2018; 360: j5855.

Table 2. Classification of New Types of Cigarettes

Related Laws

1 Heated tobacco products [HTPs]
Products that directly heat tobacco leaves (or processed tobacco leaves) and inhale the substance 
generated, or heat glycerin or other substances and inhale the substance generated by passing it through 
a tobacco leaf capsule.

Tobacco Business Law

2 Electronic cigarette [e‐cigarette]
Products that attach a cartridge containing a tasting or smelling solution containing nicotine, propylene 
glycol, glycerin, etc. and inhale the aerosol generated by heating it with a battery.

a Products containing nicotine
Sales are prohibited in Japan. However, personal importation is possible via the Internet, etc.

(Japanese) Pharmaceuticals 
and Medical Devices Law＊

b Nicotine‐free product
Sold to minors online, in stores, etc. due to lack of regulation

None

＊Act on Quality, Efficacy and Safety Assurance of Pharmaceuticals and Medical Devices, etc.
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vascular endothelial function similar to conventional 
cigarettes176). In addition, various carcinogens have 
been reported to occur in e-cigarette aerosol, with or 
without nicotine content177), and many cases of 
electronic cigarettes-associated lung injury (EVALI) 
have been reported overseas178). In the long term, there 
is a possibility of various health effects including 
ASCVD and cancer.

mortality of ASCVD from the new types of cigarettes 
cannot be determined at this time because they have 
only been available for a short period of time. 
However, although heated tobacco products do not 
contain components produced by combustion, they 
do contain nicotine and other substances produced by 
heating tobacco leaves and additives175), and a study in 
humans reported that they cause impairment of 

1.3 Hypertension

The higher the blood pressure above normal (systolic blood pressure less than 120 mmHg and 
diastolic blood pressure less than 80 mmHg), the higher the risk of morbidity and mortality 
from all cardiovascular diseases, stroke, myocardial infarction, heart failure, atrial fibrillation 
and chronic kidney disease.

Hypertension is an important risk factor for 
cerebral and cardiovascular disease like CAD, heart 
failure, CKD, and other organ damage, and 
hypertension in middle age also increases the risk of 
developing vascular dementia in old age179). The 
results of EPOCH-JAPAN, a meta-analysis of 10 
cohort studies in Japan (70,000 men and women in 
total), showed a positive association between blood 
pressure levels above normal (＜120/80 mmHg) and 
the risk of cerebral cardiovascular disease in all ages 
above middle age, with the slope steeper the younger 
the age. The risk of all cerebral and cardiovascular 
disease mortality tends to increase with blood pressure 
level even in the older people aged 75-89 years, when 
deaths during the first 3 years of follow-up were 
excluded to rule out causal inversion, a significantly 
increased risk was observed from 130/85 mmHg or 
higher180). 

According to EPOCH-JAPAN estimates, 50% of 
all cerebral and cardiovascular diseases, 52% of stroke 
deaths, and 59% of CAD deaths were evaluated as 

deaths attributable to higher than normal blood 
pressure, with the highest proportion of deaths among 
degree I hypertensives in all cases180). In the J-LIT 
lipid intervention study, hypertensive patients had a 
2.05-fold relative risk of developing CAD in primary 
prevention subjects compared to non-hypertensive 
patients: 2.05 times higher in women and 2.15 times 
higher in men181). 

Although office blood pressure is often used to 
measure blood pressure, home blood pressure 
measurement and ambulatory blood pressure 
monitoring (ABPM) have also been reported to be 
more predictive of the occurrence of cardiovascular 
events than office blood pressure. The Japanese Society 
of Hypertension’s Guideline for the management of 
Hypertension 2019 (JSH 2019) clearly states that 
when there is a diagnostic discrepancy between office 
blood pressure and home blood pressure, priority 
should be given to the diagnosis by home blood 
pressure, including the determination of the 
antihypertensive effect179).

1.4 Diabetes and Prediabetes

BQ6.  Are blood glucose and HbA1c associated with the CVD incidence and/or death from 
CVD in non-diabetic adults?

In adults with prediabetes, blood glucose and HbA1c are associated with increased risk of CVD 
incidence and/or death from CVD. (Level of evidence: E-1b)

Based on the results of community-based 
epidemiological studies in Japan, adults with 
prediabetes have a significantly higher risk of death 
from cardiovascular disease (CVD) compared to those 
with normal glucose tolerance. In NIPPON DATA80 
with 17.3 years of follow-up, adults with casual blood 
glucose 140-199 mg/dL have a significantly higher 
risk of death from CVD compared to those with 

casual blood glucose less than 94 mg/dL (hazard ratio 
(HR) 1.46, 95% confidence interval (CI) 1.06-
2.01)182). In NIPPON DATA90 with 15 years of 
follow-up, adults with HbA1c 6.0-6.4% have a 
significantly higher risk of death from CVD compared 
to those with HbA1c ＜5.0% (HR 2.18, 95% CI 
1.22-3.87)183). Furthermore, in the Funagata Study, 
adults with impaired glucose tolerance based on a 
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3 years of follow-up (HR 1.33, 95% CI 1.01-1.75)191). 
Similarly, in the J-ECOH study with 4 years of 
follow-up, adults with HbA1c 5.7-6.4% have a 
significantly higher risk of CVD incidence compared 
to those with HbA1c ＜5.7% (HR 1.93, 95% CI 
1.21-3.08)187). On the other hands, in epidemiological 
studies which were set adults with HbA1c ＜6.0% as 
controls, prediabetes which was defined as HbA1c 
6.0-6.4% was not significantly associated with 
increased risk of CVD incidence192, 193). In a sub-
analysis of the MEGA Study, which was a randomized 
controlled trial examining the effect of pravastatin on 
the primary prevention of CVD in patients aged 
40-70 years with hypercholesterolemia, associations 
between HbA1c and CVD incidence were evaluated 
by multivariable Cox proportional hazards model with 
restricted quadratic spline. As a result, the risk of 
CVD incidence increased with increasing HbA1c 
levels, and patients with HbA1c ＞6.0% have a 
significantly higher risk of CVD incidence compared 
to those with HbA1c ≤ 5.5%192). Taken together, these 
findings suggest prediabetes have a significantly higher 
risk of CVD incidence in non-diabetic adults.

Epidemiological studies examining the 
association between the indices of glucose metabolism 
and the incidence of CAD or ischemic stroke or death 
from CAD or ischemic stroke in non-diabetic adults 
have not provided consistent results, partly due to the 
small number of study participants. For example, 
regarding the association between fasting plasma 
glucose and the incidence of CAD, in an 
epidemiological study among male workers with 10 
years of follow-up, adults with fasting plasma glucose 
110-125 mg/dL have a significantly higher risk of the 
incidence of CAD compared to those with fasting 
plasma glucose ＜100 mg/dL194). However, in the 
Hisayama study with 14 years of follow-up, fasting 
plasma glucose 110-125 mg/dL was not significantly 
associated with increased risk of the incidence of CAD 
compared with fasting plasma glucose ＜100 mg/
dL195). Additionally, HbA1c was not significantly 
associated with increased risk of the incidence of CAD 
in all previous epidemiological studies190-193). 
Regarding the association between HbA1c and the 
incidence of ischemic stroke, adults with HbA1c 5.5-
6.4% have a significantly higher risk of the incidence 
of ischemic stroke compared to those with HbA1c ≤ 
5.0% in the Hisayama study190), while HbA1c was not 
significantly associated with the incidence of ischemic 
stroke in the JPHC study and the Suita study191, 193). 
In addition, the level of fasting plasma glucose was not 
significantly associated with the incidence of ischemic 
stroke in the Hisayama study195). Furthermore, in 
NIPPON DATA90 with 15 years of follow-up, adults 

75-g oral glucose tolerance test (OGTT) have a 
significantly higher risk of death from CVD compared 
to those with normal glucose tolerance based on a 
75-g OGTT (HR 2.22, 95% CI 1.08-4.58)184). These 
results suggested adults with prediabetes such as 
elevated blood glucose and/or elevated HbA1c levels 
have a significantly higher risk of death from CVD 
compared to those with normal glucose tolerance. 
However, in the J-ECOH study with 7 years of 
fo l low-up,  which i s  a  recent  mult icenter 
epidemiological study among workers, prediabetes 
which was defined as fasting plasma glucose 100-125 
mg/dL and/or HbA1c 5.7-6.4% was not significantly 
associated with increased risk of death from CVD 
compared to normal glucose tolerance which was 
defined as fasting plasma glucose ＜100 mg/dL and 
HbA1c ＜5.7%185). When interpreting these results, it 
is necessary to note that advances in medical 
technology have made it possible to avoid death from 
CVD, which has affected the estimates of mortality 
risk.

The association between indices of glucose 
metabolism and the incidence of CVD is differed by 
the criteria for indices of glucose metabolism in a 
control group. In studies which was set adults with 
lower levels of glucose and/or HbA1c as a control 
group, adults with prediabetes have higher risk of 
CVD incidence. In the Suita study with 11.7 years of 
follow-up and the J-ECOH Study with 4 years of 
follow-up, which were examined the associations 
between fasting plasma glucose and the incidence of 
CVD and were set adults with fasting plasma glucose 
＜100 mg/dL as controls, adults with fasting plasma 
glucose 100-125 mg/dL have a significantly higher 
risk of CVD incidence compared to those with fasting 
plasma glucose ＜100 mg/dL (Suita study: HR 1.25, 
95% CI 1.00-1.58; J-ECOH study: HR 1.77, 95% 
CI 1.10-2.86)186, 187). However, in epidemiological 
studies among workers which were set adults with 
fasting plasma glucose ＜110 mg/dL as controls, 
prediabetes which was defined as fasting plasma 
glucose 110-125 mg/dL was not significantly 
associated with increased risk of CVD incidence188, 

189). In the Hisayama study with 7 years of follow-up, 
which was examined the association between HbA1c 
and the incidence of CVD and were set adults with 
HbA1c ≤ 5.0% as control, adults with HbA1c 5.5-
6.4% have a significantly higher risk of CVD 
incidence compared to those with HbA1c ≤ 5.0% 
(HR 2.26, 95% CI 1.29-3.95)190). In the JPHC study 
with 9.4 years of follow-up, adults with HbA1c 6.0-
6.4% have a significantly higher risk of CVD 
incidence compared to those with HbA1c 5.0-5.4% 
in an analysis excluding those with early events within 
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include small incidence rates of events, differences in 
the definition of incidence among studies, and 
differences in characteristics of study participants 
across study settings. Large-scale epidemiological 
studies should be conducted to resolve these 
limitations in the future.

with HbA1c 6.0-6.4% have a significantly higher risk 
of death from cerebral infarction compared to those 
with HbA1c ＜5.0% (HR 5.28, 95% CI 1.66-16.8), 
while HbA1c was not significantly associated with 
death from coronary heart disease183). The reasons for 
inconsistent results across epidemiological studies 

Diabetes is a strong risk factor for ASCVD.

Diabetes is an important risk factor for 
ASCVD196, 197). In the NIPPON DATA80, patients 
with diabetes showed significantly higher risk of 2.8 
times for death from CAD was significantly higher 
than non-diabetic subjects182). The Hisayama study 
reported that the incidence of CAD was 5.0 / 1,000 
person years compared to 1.6 / 1,000 person years in 
healthy subjects, and the incidence of cerebral 
infarction was 6.5 / 1,000 person years compared to 
1.9 / 1,000 person years in healthy subjects198) after 
adjustment for multiple factors including sex and age. 
In CIRCS, the risk of cerebral infarction incidence 
was 1.9 times higher in men and 2.2 times higher in 
women in the diabetes group than non-diabetic 
subjects199). Meta-analyzes have shown that patients 
with type 2 diabetes have a 1.5- to 3.6-fold increased 
incidence of CAD or cerebrovascular disease compared 
to healthy controls200). The risk of peripheral arterial 

disease (PAD) is as much as 3-4 times higher in 
patients with diabetes201), and this risk increases by 
26% with every 1% increase in the HbA1c level202).

Silent myocardial ischemia often coexists in 
patients with diabetes, and this may result in delayed 
diagnosis203). Characteristics of coronary artery lesions 
in patients with diabetes include multivessel disease, 
highly complicated and diffuse204, 205), and multiple 
calcified lesions206). 

Regarding cerebral infarction, the JPHC study 
has shown that lacunar infarction, atherothrombotic 
infarction, and thromboembolic infarction occur more 
common in patients with diabetes207). Furthermore, 
the prognosis of CAD in patients with diabetes is 
worse 208-210) and the recurrence rate of cerebral 
infarction is higher211, 212) than in non-diabetic 
subjects.

BQ7.  Do familial hypercholesterolemia, non-cardiogenic cerebral infarction (cardiogenic 
cerebral embolism), PAD, microvascular complications, smoking, and persistent poor 
glycemic control increase the risk of CAD in patients with diabetes without a history 
of CAD?

Familial hypercholesterolemia, non-cerebral infarction, PAD, microvascular complications, 
smoking, and persistent poor glycemic control increase the risk of CAD in patients with diabetes 
without a history of CAD. (Level of evidence: E-1a)

FH
FH with diabetes mellitus has been reported to 

be another high-risk group for CAD from Canada 213), 
China214), and Japan215), respectively. In a cross-
sectional study of 150 FH heterozygotes 40 years or 
older in Japan, the incidence of CAD in FH with 
normal glucose tolerance was 43% (46/108 subjects), 
compared to 59% (16/27 subjects) in FH with 
impaired glucose tolerance and 87% (13/15 subjects) 
in FH with diabetes, indicating that CAD increased 
with the severity of glucose metabolism abnormalities215).

Noncardiogenic Cerebral Infarction
The incidence of myocardial infarction in Japan 

is higher than in the general adult population, ranging 
from 4.0 to 4.5 per 1,000 person-years216, 217). In 
patients with diabetes, a history of stroke, especially 
noncardiogenic cerebral infarction caused by 
atherosclerotic lesions, is considered a risk for CAD. 
In a study using an insurance database of 1.17 million 
patients with type 2 diabetes in six countries, 
including Japan, a history of stroke was associated 
with a 1.59, 2.31 and 1.37-fold higher risk of total 
mortality, cardiovascular death, and incidence of 
myocardial infarction, respectively218). In an analysis of 
patients with diabetes in the REACH study of patients 
at high risk for cardiovascular disease conducted in 44 
countries including Japan, the cardiovascular mortality 
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incidence of cardiovascular disease, respectively240). A 
meta-analysis of 20 studies (19,234 patients) with 
type 1 or type 2 diabetes also found that comorbid 
diabetic retinopathy was associated with a 2.34-fold 
higher combined risk of cardiovascular death and 
cardiovascular disease incidence, particularly in 
patients with type 1 diabetes, where the risk was 4.10 
times higher241). In the JDCS, a cohort study of 
patients with type 2 diabetes in Japan, comorbid 
diabetic retinopathy was associated with a 1.69-fold 
higher risk of cardiovascular disease incidence232). In 
an 11.6-year observational study of 233 Japanese 
patients with diabetes who underwent coronary artery 
bypass surgery, the risk of death was 4.0 times higher 
and the risk of revascularization after coronary artery 
bypass surgery was 3.3 times higher in patients with 
diabetes who had preoperative diabetic retinopathy 
comorbidity235). In a study of 371 Japanese patients 
with type 2 diabetes with no history of CAD, the 
coexistence of proliferative retinopathy was associated 
with a 6.46-fold higher risk of incidence of CAD239). 
Furthermore, in a cross-sectional study of 1,003 
Japanese patients with type 2 diabetes, cardiovascular 
complications were the lowest in patients without 
retinopathy, and the frequency of cardiovascular 
complications increased with the severity of comorbid 
retinopathy233).

Nephropathy
The presence of nephropathy in patients with 

diabetes is a risk factor for cardiovascular disease242-251). 
In NHANES III (the Third National Health and 
Nutrition Examination Survey), which included 1,430 
patients with diabetes in the US, increased 
albuminuria and low GFR in patients with type 2 
diabetes mellitus were independent risk factors for 
total and cardiovascular death249). The annual 
mortality rate due to cardiovascular disease in the 
UKPDS of 5,097 newly diagnosed patients with type 
2 diabetes in the UK was 0.7% in the normal 
albuminuria group, 2.0% in the microalbuminuria 
group, 3.5% in the macroalbuminuria group, and 
12.1% in the renal failure group, which increased with 
progression of nephropathy stage248). Furthermore, in 
a post hoc analysis of the ADVANCE in 10,640 
patients with type 2 diabetes at high risk for 
cardiovascular disease, increased albuminuria and 
decreased eGFR were associated with an increased risk 
of cardiovascular disease incidence, with urinary 
albumin ＞300 mg/g creatinine and eGFR ＜60 mL / 
min / 1.73 m2 was associated with a 3.2-fold higher 
risk of cardiovascular disease incidence251). In a cross-
sectional study of 1,493 CKD patients with type 2 
diabetes in Japan, the complication rate of 

rate was 0.7% and the incidence of major 
cardiovascular events was 2.2% in patients without a 
history of atherothrombotic disease, while the rates 
were 2.1% and 6.4%, respectively, in patients with a 
history of ischemic stroke219).

PAD
Patients with peripheral arterial disease (PAD) 

have a high incidence rate of CAD, but the 
coexistence of PAD is also a strong risk factor for 
cardiovascular disease in patients with diabetes220-227). 
In a cohort of 474 Swedish men in the general 
population reaching their 68th birthday followed for 
13 years, the incidence of cardiovascular disease was 
28.4/1,000 person-years in patients with diabetes with 
ABI ≥ 0.9 compared to 102.0/1,000 person-years in 
patients with diabetes with ABI ＜0.9, indicating a 
higher incidence of cardiovascular disease in patients 
with diabetes with suspected PAD226). In a Spanish 
cohort of 262 patients with type 2 diabetes without a 
diagnosis of PAD followed for 10 years, the incidence 
of cardiovascular disease was 26.9% in the group with 
normal ABI (0.91-1.24) compared to 81.9% in the 
group with abnormal ABI (≤ 0.90)220). Furthermore, 
in a post hoc analysis of ADVANCE in patients with 
type 2 diabetes at high risk for cardiovascular disease, 
the total mortality at 10 years and the risk of 
cardiovascular disease were 1.35- and 1.47-fold higher, 
respectively, with a history of chronic ulceration of the 
lower extremity, amputation of the lower extremity 
due to vascular lesions, and angioplasty or 
reconstruction of the lower extremity arteries224). In a 
study of 362 patients with PAD and age- and sex-
matched non-PAD patients using the Health 
Insurance Association claims database in Japan, 
patients with diabetes with PAD had a significantly 
higher incidence of myocardial infarction, ischemic 
stroke, coronary artery bypass surgery, peripheral 
artery reconstruction, coronary artery intervention 
and leg amputation222). In a study conducted in six 
countries including Japan using an insurance database 
of 1.17 million patients with type 2 diabetes, the risk 
of the incidence of total mortality, cardiovascular 
death, and the incidence of myocardial infarction was 
1.72, 2.24, and 2.06 times higher, respectively, for 
patients with PAD218).

Retinopathy
Comorbid retinopathy in patients with diabetes 

is a risk factor for cardiovascular disease228-239). In a 
meta-analysis of 8 studies (7,604 patients) with type 2 
diabetes, comorbid diabetic macular edema or 
proliferative retinopathy was associated with a 2.33 
and 1.39-fold higher risk of cardiovascular death or 
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In a meta-analysis of 89 studies on smoking in 
patients with diabetes (1,132,700), the respective risks 
of cardiovascular death, cardiovascular disease, or 
incidence of CAD were 1.49, 1.44 and 1.51 times 
higher for smoking. On the other hand, patients with 
diabetes who were able to quit smoking had a 1.15, 
1.09, and 1.14-fold reduced risk of cardiovascular 
death, cardiovascular disease, and CAD incidence, 
respectively266). In foreign evidence, smoking was a 
strong predictor of total mortality and incidence of 
myocardial infarction in patients with type 2 diabetes 
in the Swedish National Diabetes Register of 271,174 
patients with type 2 diabetes267). In a cohort of 59,412 
Finnish residents divided into four groups according 
to diabetes status and smoking status, the risk of CAD 
mortality in men was 6.15 times higher in diabetics 
with smoking and 2.62 times higher in diabetics 
without smoking. The risk of CAD mortality for 
women was similarly 6.92 and 4.06 times higher, 
respectively. On the contrary, the risk of CAD 
incidence in men was 3.27 times higher in diabetics 
with smoking and 1.56 times higher in diabetics 
without smoking. The risk of incidence of CAD in 
women was similarly 4.55 and 2.60 times higher, 
respectively. In the JDCS, a 7.86-year follow-up study 
of 1771 patients with type 2 diabetes without a history 
of cardiovascular disease, the risk of incidence of CAD 
was 1.41 times that of smoking after adjustment for 
sex, age, duration of diabetes, BMI, systolic blood 
pressure, HbA1c, LDL-C, HDL-C, TG and alcohol 
intake, but the difference was not statistically 
significant (p=0.12)268).

Persistence of Poor Blood Glucose Control
Many epidemiological studies have shown that 

persistent hyperglycemia is closely related to the risk 
of cardiovascular disease incidence269). In the UKPDS 
in patients with new-onset type 2 diabetes, a 1% 
reduction in HbA1c was reported to be associated 
with a 14% reduction in the incidence of myocardial 
infarction270). In a meta-analysis, a 1% increase in 
HbA1c increased the incidence of cardiovascular 
disease by 18%, CAD by 13% and fatal myocardial 
infarction by 16%202). In a study of 14,633 diabetic 
patients using the Japanese health insurance database, 
the risk of incidence of CAD increased with poor 
glycemic control in the groups treated with diet alone, 
with HbA1c ≤ 7.0%, 7.1-8.0%, and ＞ 8.0%, whereas 
the risk of incidence of CAD increased in the group 
treated with insulin or SU drugs, the risk of CAD 
incidence was higher for both HbA1c ≤ 7.0% and ＞ 
8.0%271).

cardiovascular disease was 18.6%. By stage of CKD, 
the rate of cardiovascular disease increased as eGFR 
decreased: 6.99% for stage 2, 17.78% for stage 3, 
52.48% for stage 4, and 55.17% for stage 5245). 
Diabetic nephropathy is typically characterized by the 
appearance of albuminuria followed by the appearance 
of apparent proteinuria and then the decline in kidney 
function. Recently, the term diabetic kidney disease 
(DKD) has been coined to include atypical diabetes-
related kidney disease in which kidney function 
declines without an increase in proteinuria excretion. 
A 4-year prospective cohort study of 675 Japanese 
patients with type 2 diabetes reported a low risk of 
cardiovascular disease incidence if urinary albumin was 
normal, even if eGFR was ＜60 mL/min/1.73 m2 252).

Neurological Disorder
Diabetic neuropathy includes autonomic 

neuropathy and sensory/motor neuropathy, both of 
which are risks of cardiovascular disease. With regard 
to autonomic neuropathy, studies using cardiovascular 
autonomic indices have reported a relationship with 
the risk of cardiovascular disease 253-255). In an 
ACCORD post hoc analysis of 10,251 patients with 
type 2 diabetes at high risk of cardiovascular disease, 
the risk of death from cardiovascular disease was 1.93 
to 3.39-fold higher with concomitant cardiac 
autonomic neuropathy253). On the other hand, sensory 
and motor neuropathy is also a risk of the incidence of 
cardiovascular disease256, 257). In a study of 13,043 
people with type 2 diabetes in the United Kingdom, 
the risk of cardiovascular disease incidence was 1.33 
times higher if there was sensory neuropathy in the 
foot detected by monofilaments257). The risk of 
cardiovascular disease incidence is high in patients 
with sensory dullness, foot deformity, skin dryness, 
and keratinization due to diabetic neuropathy and 
diabetic foot lesions that occur in association with 
decreased blood flow due to PAD258-260). In a meta-
analysis of 8 studies (17,830 patients), diabetic 
patients with diabetic foot lesions had a 1.89, 2.22 
and 1.41-fold higher risk of total mortality, fatal 
myocardial infarction, and cerebral infarction, 
respectively258). In a study of 165,650 patients with 
diabetes in Italy, the risk of myocardial infarction 
incidence was 1.84 times higher in men and 1.57 
times higher in women with diabetic foot lesions260).

Smoking
The fact that smoking is a risk factor for 

cardiovascular disease has been reported in numerous 
national and international cohort studies and meta-
analyses. Smoking is also a risk factor for 
cardiovascular disease in patients with diabetes261-265). 
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of the Case-J study278), a multivariable-adjusted Cox 
analysis of the association of various risk factors for 
the incidence of cardiovascular disease showed that the 
hazard ratio of renal impairment (with proteinuria 
and/or serum Cr ≥ 1.3 mg / dL) was 2.82 (1.18-4.39), 
which was higher than that of diabetes mellitus, 1.97 
(1.26-3.06). In the Suita Study275), the risk of 
cardiovascular disease (stroke + myocardial infarction) 
in the eGFR 50-59 mL / min / 1.73 m2 group exceeded 
10 per 1,000 person-years, equivalent to a 10-year risk 
of 10%, and in the eGFR ＜50 mL / min / 1.73 m2 

group it was 16 per 1,000 person-years.
The mechanism of increased cardiovascular risk 

in CKD is explained by the increase in the prevalence 
and degree of comorbidity of traditional risk factors 
such as blood pressure, lipids, and glucose metabolism 
in CKD, as well as the involvement of non-traditional 
risk factors such as abnormal phosphorus and calcium 
metabolism in advanced stages of CKD. Furthermore, 
it is known that the group with lower kidney function 
has a lower survival rate (higher fatality rate) after the 
incidence of cardiovascular events279), making the 
prevention of the incidence of cardiovascular disease 
even more important.

The degree of involvement of each risk factors 
for ASCVD varies depending upon kidney function. 
According to a large Canadian cohort study280), the 
association between LDL-C and myocardial infarction 
was weaker at lower eGFRs, with no significant 
association observed at eGFRs less than 15 ml / min / 
1.73 m2. This result is consistent with the results of 
randomized controlled trials in hemodialysis patients 
in which statins did not significantly reduce ASCVD 
risk281,282). Thus, these studies suggest the importance 
of lipid management from the early stages of CKD in 
addition to appropriate management of hypertension 
and diabetes.

It is estimated that approximately 13% of adults 
in Japan have CKD283), and screening for CKD is also 
important for comprehensive risk management of 
ASCVD284).

According to the ‘Evidence-based Clinical 
Practice Guidelines for Chronic Kidney Disease 2018’ 
of the Japanese Society of Nephrology13), CKD is 
defined as the presence of either of the conditions 
listed below lasting for more than 3 months. 

(1) Findings suggesting kidney damage, i.e., 
abnormal findings in blood or urinary tests, imaging 
studies or pathological evaluations. In particular, 
evidence of proteinuria ≥ 0.15 g/gCr (albuminuria ≥ 
30 mg/gCr) is important.

(2) Glomerular filtration rate (GFR) ＜60 mL/
min/1.73 m2

Estimated GFR (eGFR) is used which is 
calculated by the equation for Japanese patients using 
serum Cr level, sex, and age. CKD is a high-risk 
condition not only for kidney failure but also for all-
cause and cardiovascular mortality. The risk of these 
composite outcomes varies greatly depending on the 
underlying disease (Cause), GFR, and proteinuria 
(Albuminuria), and these three factors are used to 
develop the CKD severity classification (CGA 
Classification of CKD Severity)13, 272).

The risk of cardiovascular mortality among 
dialysis patients in the United States is 10 to 30 times 
higher than that of the general population273), and a 
similarly high risk has been shown in Japan274). In the 
Suita Study275), the multivariable-adjusted hazard 
ratios for the incidence of cardiovascular disease 
(stroke + myocardial infarction) in the eGFR 60-89, 
50-59, and ＜50 mL / min / 1.73 m2 groups compared 
with the eGFR ≥ 90 mL / min / 1.73 m2 group were 
1.21 (0.93-1.58), 1.75 (1.22-2.50), and 2.48 (1.56-
3.94), respectively, indicating that the risk of 
cardiovascular disease incidence is higher in patients 
with lower eGFR who do not receive dialysis or 
transplant treatment. There are studies reporting that 
low eGFR was more significantly associated with 
myocardial infarction in men and cerebral infarction 
in women276,277). 

The following information can be used as a basis 
for positioning CKD as a high-risk condition for 
ASCVD in Japan. First, according to a cohort analysis 

1.5 Chronic Kidney Disease (CKD)

CKD is a high-risk condition for ASCVD.

1.6 Aging, Gender Differences

•Aging is the strongest risk factor for ASCVD, including CAD and cerebrovascular disease.

• The risk of acute myocardial infarction incidence and mortality in women is lower than in 
men, but myocardial infarction mortality increases after age 70 in women.
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for women than for men at all ages. However, the risk 
of ASCVD in older women is not low, as the mortality 
rate from acute myocardial infarction among women 
increases beginning in the early 60s and is particularly 
elevated after the age of 70 289). The mortality rate 
from cerebral infarction (per 100,000 population) is 
46.8 for men and 49.0 for women, with little 
difference between the sexes. Age-specific mortality 
rates (per 100,000 population) were 0.2 for men and 
0.2 for women in their 30s; 1.8 for men and 0.8 for 
women in their 40s; 8.5 for men and 2.3 for women 
in their 50s; 43.7 for men and 10.5 for women in 
their 60s; 194.8 for men and 62.3 for women in their 
70s; 834.4 for men and 457.7 for women in their 
80s;2,367.6 for men and 2,147.4 for women in their 
90s, and 1,900.0 for men and 2,188.3 for women 
over 100 years old. The mortality rate from cerebral 
infarction in women is lower than in men until the 
age of 90 years, but the effect of aging is more 
significant than the effect of gender. Estrogen effects 
and women’s unique lifestyles (pregnancy, childbirth, 
childcare, etc.) may contribute to women’s lower risk 
of ASCVD. In addition, as women’s roles in society 
increase, we need to be vigilant about the increased 
risk for women in the future due to lifestyle changes.

The risk of incidence and death from ASCVD, 
including myocardial infarction, increases with 
increasing age, and in terms of absolute risk, aging 
increases the risk of incidence and death from ASCVD 
more strongly than any other risk factor285-287).

In addition, women are at a lower risk of 
incidence and death than men. In a 1999-2001 study 
in Takashima-cho, Shiga Prefecture, Japan, the age-
adjusted incidence rate of acute myocardial infarction 
(100,000 persons / year) among Japanese women was 
35.7, about one-third that of men (100.7)288). 
Furthermore, according to the 2019 Vital Statistics 
mortality rates by simple cause of death classification 
(per 100,000 population), the (crude) mortality rate 
for acute myocardial infarction is 30.1 for men and 
21.1 for women. The data showed that the mortality 
rate for acute myocardial infarction by age was 2.4 for 
men and 0.4 for women in their 30s, 10.8 for men 
and 2.0 for women in their 40s, 33.9 for men and 5.2 
for women in their 50s, 74.2 for men and 17.6 for 
women in their 60s, 145.7 for men and 56.8 for 
women in their 70s, 370.3 for men and 215.9 for 
women in their 80s, 751.9 for men and 548.2 for 
women in their 90s, 355.6 for men and 335.0 for 
women over 100 years of age, indicating that the 
mortality rate of acute myocardial infarction was lower 

1.7 Family History of CAD

Family history of CAD is a risk factor for the incidence of CAD.

In Europe and the United States, a family history 
of CAD has been reported to be a risk factor for the 
incidence of this disease since the 1970s290-295). 

A family history of CAD, especially a family 
history of first-degree relatives (parents, children, 
brothers, sisters), as well as a family history of 
premature CAD (age of incidence: ＜55 years in men 
and ＜65 years in women) is a strong risk factor for 
the development of CAD296).

In the Framingham study, when at least one 
parent had CAD, the age-adjusted odds ratio for the 
risk of CAD was 2.6 for men and 2.3 for women, and 
2.0 for men and 1.7 for women even after all 
adjustments, including multivariate analysis293). In the 
J-LIT study, a family history of CAD increased the 
relative risk of CAD incidence about 3-fold in 
Japan90). In the CREDO-Kyoto study, a family history 
of CAD was also associated with the incidence of 
major cardiovascular events at younger ages 297).

Conventional risk factors (high LDL-C, low 
HDL-C, hypertension, diabetes, and smoking) may 

be influenced by environmental exposures in the same 
household, in addition to genetic predisposition. In 
other words, a family history of CAD may include 
known genetic and environmental risk factors. 
However, family history remains a strong risk even 
after adjusting for all conventional risk factors by 
multivariate analysis291-293, 298-300), suggesting the 
involvement of genetic factors that have not yet been 
elucidated295). 

Recent advances in genetic analysis technology 
have led to the focus on the polygenic risk score 
(PRS), an algorithm constructed using millions of 
single nucleotide polymorphisms revealed by genome-
wide related analysis to assess genetic risk301, 302). PRS 
had a limited additive effect on the ACC/AHA risk 
prediction model for ASCVD (PCE) in some high-
risk populations303). A family history of premature 
CAD (age of incidence: ＜55 years for men and ＜65 
years for women) should be considered particularly 
high risk.
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has been reported, especially in drinkers94, 321, 322). 
Hyper-HDL cholesterolemia in drinkers should be 
noted. 

It has also been observed that binge drinking, 
although not habitual, increases the risk of 
ASCVD323-326). Binge drinking is defined by US 
criteria as five drinks (70 g of pure alcohol equivalent) 
for men and four drinks (56 g of pure alcohol 
equivalent) for women within two hours327), but in 
Japan it is currently limited to drinking large amounts 
of alcohol in a short time328). Large international case-
control studies and meta-analyzes have reported that 
binge drinking of more than 60 g of pure alcohol 
(approximately 3 grams of sake per occasion), even 
with moderate drinking, can increase mortality from 
ischemic heart disease 323, 325). 

Furthermore, the relationship between alcohol 
consumption and all-cause mortality has been reported in 
a number of cohort studies that show a J-curve 
relationship310, 329, 330). However, recent international meta-
analyzes have reported that there are no relationships 
that reduce in mortality or increace mortality or 
increase in life expectancy among small drinkers315, 316).

Based on these results, considering the increased 
risk of hemorrhage and health risks in addition to the 
prevention of ASCVD, it is recommended that 
consumption be reduced to 25 g or less (guideline 
amount: up to the equivalent of one sake or one 
medium beer bottle) in accordance with the existing 
policy, or as little as possible. It is conceivable that 
binge drinking and small amounts of alcohol may 
require more attention in the future.

Heavy drinking has been shown to be a risk 
factor for ASCVD in many epidemiological studies 
and their  meta-analyses304-319).  The alcohol 
consumption that affects the ASCVD are different by 
diseases. In cerebrovascular diseases, cerebral 
hemorrhage has the lowest incidence and mortality 
rate among nondrinkers, with a linear increase in 
incidence and mortality with increasing alcohol 
intake, while cerebral infarction has the lowest 
incidence and mortality rate among light drinkers 
than non-drinkers310-312). In cerebral infarction, the 
relationship is shown as the 'U or J curve' generally, 
and alcohol intake that inhibits cerebral infarction is 
often reported to be around 300-400 g/week 
(approximately 40-50 g/day) 309-312). In addition, with 
respect to myocardial infarction, the incidence and 
mortality rate have been shown to be lower in drinkers 
than in non-drinkers311-316). Reports have found that 
even higher alcohol intake (about 400 g/week) has an 
protective effect on myocardial infarction compared to 
cerebrovascular disease316-318). However, the protective 
association between alcohol intake and myocardial 
infarction has been shown in domestic and 
international studies to show a dose-response 
relationship in the low alcohol intake range, but this 
relationship decreases with heavy drinking310, 317). 
Heavy drinking induces atherosclerosis through high 
TG and insulin resistance. The 'U or J active' 
mechanism is thought to be an increase in HDL-C 
due to alcohol consumption319, 320). However, a 
harmful association has been reported between hyper-
HDL cholesterolemia above 90 mg/dL and ASCVD 

1.8 Drinking Alcohol

Heavy drinking increases the incidence and death of ASCVD.

1.9 History of CAD

Those with a history of CAD are at higher risk for the incidence of coronary events than those 
without a history of CAD. In particular, those with a history of acute coronary syndromes are at 
higher risk for the incidence of ASCVD.

It is clear from epidemiological studies and 
intervention trials in Europe and the United States 
that people with a history of CAD are at higher risk 
for the incidence of cardiovascular events than those 
without a history of CAD331-333). In Japan, the 
incidence of coronary artery events in the diet group 
in the MEGA Study, a statin-based primary 
prevention trial, was 2.1/1,000 person-years49), while 
in J-LIT study, it was 0.9/1,000 person-years in 
patients without a history ofCAD89) compared to 
4.5/1,000 person-years in patients with a history of 

CAD90), and in the JELIS study, it was 1.6/1,000 
person-years in patients with no history of CAD 
compared to 6.8/1,000 person-years in patients with 
CAD334). The incidence of coronary events in the 
JCAD335) and CREDO-Kyoto Studies336), which are 
registry studies of patients with CAD, is more than 
15/1,000 person-years. In particular, the risk of 
coronary events in acute coronary syndromes is high 
even with statins, as is the incidence of ASCVD337-342). 
The mean LDL-C during the observation period in 
the statin monotherapy group in HIJ-PROPER in 
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high as 128.1/1,000 person-years341).patients with acute coronary syndromes was 84.6 mg/
dL, but the incidence of ASCVD for 3.9 years was as 

1.10 History of Cerebrovascular Disease (Including TIA)

Patients with previous cerebral infarction and transient ischemic attack (TIA) with 
atherosclerosis are at high risk for recurrent stroke and CAD, and strict lipid management is 
recommended.

Patients with cerebral infarction or transient 
ischemia (TIA) have a very high risk of recurrent 
stroke in the immediate aftermath of incidence. 
TIAregistry.org, a 5-year follow-up study that 
registered 4,789 patients with minor cerebral 
infarction and TIA within 7 days of onset, including 
patients from Japan, reported that 5.1% had recurrent 
stroke and 0.4% myocardial infarction in the first 
year, 9.5% had recurrent stroke, and 1.1% had acute 
coronary syndrome for 5 years; after the second year, 
1.1%/year had recurrent stroke, and 0.2%/year had 
acute coronary syndrome343, 344). In large clinical trials 
for cerebral infarction and TIA within 24-48 hours of 
onset, the CHANCE study345) in 5,170 patients in 
China showed a recurrence rate of 10.0% and 
incidence rate of myocardial infarction of 0.1% within 
3 months, the POINT study346) in 4,881 patients 
mainly in the US and Europe showed a recurrence 
rate of 5.6% and incidence rate of myocardial 
infarction of 0.3% within 3 months, and the 
SOCRATES study347) in 13,199 patients showed a 
recurrence rate of 5.6% and incidence rate of 0.3% 
within 3 months. In the acute phase of cerebral 
infarction and TIA, the risk of recurrent stroke greatly 
exceeds the risk of incidence of myocardial infarction. 
On the other hand, many clinical trials have been 
conducted in Japan, mainly in patients with cerebral 
infarction in the subacute and chronic phase within a 
week to 6 months. The J-STARS study348) conducted 
in Japan on 1,578 patients with noncardiogenic 
cerebral infarction showed an annual stroke recurrence 
rate of 2.4% and a myocardial infarction incidence 
rate of 0.14%. The CSPS2 study349) on 2,757 patients 
with noncardiogenic cerebral infarction showed an 
annual stroke recurrence rate of approximately 3%. 
The PRASTRO-I trial350) showed a recurrent stroke 
rate of 3.9% and incidence of myocardial infarction of 

0.3% during a mean follow-up period of 1.8 years, In 
the CSPS.com study351) of 1,879 patients with high-
risk non-cardiogenic cerebral infarction, the annual 
recurrent stroke rate was 5.0% and the incidence of 
acute myocardial infarction was 0.2% during the 1.4-
year follow-up period in 947 patients treated with 
antiplatelet agents alone. In the RESPECT study352) of 
1,263 patients with a history of stroke, the annual 
recurrent stroke rate was reported to be 2.26% and 
the incidence of myocardial infarction 0.17% in 633 
patients in the usual blood pressure control group. For 
chronic cerebral infarction, the risk of recurrent stroke 
is assumed to be 2-3% per year, and the risk of 
myocardial infarction incidence 0.1-0.3% per year. In 
the TST study353) involving 2,860 patients with 
cerebral infarction or TIA with atherosclerosis, the 
recurrent stroke rate was 8.0% and the rate of 
myocardial infarction and emergency coronary 
revascularization was 1.8% during the 3.5-year 
follow-up period. It is known from the above that 
patients with a history of cerebrovascular disease are at 
high risk of recurrent stroke, especially in the acute 
phase, but in the chronic phase, they are at high risk 
of recurrent stroke and CAD. Registries in Japan have 
reported a 1-year incidence of myocardial infarction of 
0.40-0.45% (4.0-4.5 per 1,000 person-years) among 
people with previous stroke216, 217).

In addition, findings of atherosclerosis in the 
carotid arteries are an independent risk factor for the 
incidence of cardiovascular disease4, 6). Cohort studies 
in Japan have reported that thickened arterial IMT is 
a significant predictor of cerebral infarction and 
CAD354-356),  and the USE-IMT study39),  an 
international meta-analysis of multiple cohort studies, 
and the PROG-IMT study357) also reported that IMT 
is a risk factor for myocardial infarction and stroke.
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1.19 in 720 Japanese subjects with no history of 
cardiovascular disease who were followed for 7.8 years. 
Furthermore, an ABI of 1.30 or higher was also 2.42 
times higher361). The REACH Registry also examined 
the 1-year incidence of cardiovascular disease in 603 
PAD patients out of 5,193 Japanese patients, and 
found high rates of all-cause mortality (1.25%), 
cardiovascular death (0.55%), nonfatal myocardial 
infarction (0.77%) and non-fatal stroke (1.56%)216). 
Shigematsu et al.  conducted a prospective 
observational study of 557 PAD patients and found 
6.3% cardiovascular death, 11.3% cardiac disease, 
7.0% cerebrovascular disease, and 16.9% lower 
extremity events over a 3-year period362). 

As described above, in Japan it has been shown 
that patients with PAD (LASO) are susceptible to a 
high incidence of other ASCVD diseases, such as 
CAD and cerebrovascular disease. Therefore, when a 
patient with PAD (LASO) is seen, a close examination 
of the systemic ASCVD is necessary.

As medical therapy in patients with PAD, statins 
are recommended (Class I, Level A)10, 363-369). In 
particular, the 2017_ESC_Guidelines on the 
Diagnosis and Treatment of Peripheral Arterial 
Diseases refer to target therapeutic values and 
recommend reducing LDL-C to ＜70 mg/dL or, or 
reduce by 50% or more if the reference value is 
70-135 mg/dL (Class I, Level C)10). In high-risk cases, 
even lower values can be targeted366).

Regarding therapeutic agents other than statins, 
aggressive LDL-C lowering therapy with small 
intestinal cholesterol transporter inhibitors and 
PCSK9 inhibitors has been reported to be useful in 
preventing the incidence of cerebral and cardiovascular 
disease in LASO and Polyvasculardisease cases370, 371). 
Furthermore, a subanalysis of the JELIS study 
reported that the incidence of cardiovascular disease 
was significantly reduced when EPA was used in 
combination with statins, even in LASO patients372). 

When considering treatment strategies for PAD, 
it is important to note that the treatment guidelines 
provided in the guidelines are essentially treatment 
guidelines for LASO and do not refer comprehensively 
to other peripheral arterial diseases. Therefore, it is 
unclear whether the same treatment strategy should be 
used for non-LASO PAD cases as for LASO cases. In 
addition, when assessing risk, the indication decision 

Peripheral arterial disease PAD is essentially a 
term that encompasses all arterial diseases other than 
the coronary artery and aorta10). In Japan, the term 
ASO (Arteriosclerosis Obliterans) has long been used 
to describe atherosclerotic disease of the peripheral 
arteries, and to be consistent with the revised 
Guideline on the Management of Peripheral Arterial 
Diseases by the Japanese Circulation Society, we use 
the term PAD in general and LASO (Lower 
extremities Arteriosclerosis Obliterans) for diseases 
based on stenotic or occlusive lesions caused mainly 
by atherosclerosis of the arteries of the lower 
extremities in this guideline. The risk of LASO 
increases with age and with exposure to important 
cardiovascular risks, including smoking, hypertension, 
dyslipidemia, and diabetes. As the stenosis/obstruction 
progresses, symptoms such as coldness of the lower 
extremities, intermittent claudication, ulceration, and 
necrosis are observed. In epidemiological studies in 
Europe and the US, it has been shown that LASO 
patients are more susceptible to the incidence of other 
ASCVDs, such as CAD and cerebrovascular disease, 
and this has also been reported in Japan.

The prevalence of LASO in the general 
population of middle-aged and older Japanese is 
estimated to be 1-3%. The prevalence is also increased 
in populations with risk factors and is estimated to be 
3-6% in those 65 years or older, 5-10% in diabetics, 
10-20% in patients with CAD or cerebrovascular 
disease, and 10-20% in patients on hemodialysis for 
chronic renal failure358). In the Hisayama study of the 
general population, 2,954 people 40 years or older 
with no cardiovascular disease were followed for an 
average of 7.1 years, and those with an ABI of 0.9 or 
less had a 4.13-fold higher risk of incidence of CAD 
compared to those with a normal ABI359). In the 
CIRCS study of the general population, 939 people 
aged 60 to 74 years without cardiovascular disease 
were followed for an average of 9.3 years, and those 
with an ABI of 0.9 or less had a 2.04-fold higher risk 
of developing CAD and a 3.39-fold higher risk of 
developing cerebrovascular disease than those with an 
ABI of 1.1 or greater360). Ohkuma et al. found that the 
risk of cardiovascular disease was 1.07 times higher in 
the 1.00-1.09 group, 1.37 times higher in the 0.91-
0.99 group, and 1.60 times higher in the 0.90 or 
lower group compared to those with an ABI of 1.10-

1.11 High Risk Vascular Disease

1) Peripheral Arterial Disease: PAD

Peripheral arterial disease of the lower extremities is a high-risk condition that predisposes to a 
high incidence of CAD and cerebrovascular disease.
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in asymptomatic cases, even if the ABI is low, the 
overall target value for treatment should be 
considered. In the case of LASO, statins are 
recommended in addition to general prophylaxis to 
improve walking distance, especially in intermittent 
claudication373).

cannot be made solely on the location of the PAD 
(LASO) lesion or the presence of stenosis or 
obstruction but must be considered in terms of the 
incidence risk of all cardiovascular diseases. When 
judging by LASO alone, the cutoff value for LASO 
treatment should be symptomatic and low ABI, while 

2) Abdominal Aortic Aneurysm: AAA

Patients with abdominal aortic aneurysms (AAA) have a high rate of complications of ASCVD.

The abdominal aortic aneurysm (AAA) is 
believed to be related to atherosclerotic lesions of the 
coronary arteries due to the presence of atherosclerotic 
lesions on the wall of the aneurysm and surrounding 
aorta. A meta-analysis of small-diameter AAAs 
without indication for surgery reported 3% 
cardiovascular-related deaths annually, 44.9% overall 
ischemic heart disease, and 26.8% myocardial 
infarction374). Serious perioperative complications of 
ASCVD have also been reported to occur at a rate of 
2-8% in AAA vascular replacement procedures375). 
Japanese data also include a report of coronary 
atherosclerosis in 45.7% of preoperative coronary 
angiograms for subrenal abdominal aortic 
aneurysms376) and a report of myocardial ischemia in 
37% of myocardial SPECT (single photon emission 
computed tomography) loaded with ATP (adenosine 
triphosphate) in patients with abdominal aortic 
aneurysm patients without a history of CAD377). 
Therefore, the presence of AAA is associated not only 
with a high rate of coronary atherosclerosis, but also 
with a certain percentage of atherosclerotic lesions that 
require treatment. On the other hand, a meta-analysis 
of data from Europe and the United States found that 
8.4% of patients with CAD had AAA, four times as 
many as those without disease378). Thus, AAA and 
CAD can be considered highly correlated.

Risk factors for AAA are common to those for 

ASCVD, including aging, smoking, history of CAD and 
peripheral artery disease, carotid stenosis, hypertension, 
and hyper-LDL cholesterolemia375, 379, 380), however, 
there is a report that diabetes was a suppressor of 
AAA375), so there are some differences. Diastolic blood 
pressure has been reported as a factor involved in AAA 
enlargement and rupture in Europe and the United 
States381), but Akai et al. investigated the increase in 
aneurysm diameter in 374 Japanese AAA patients and 
reported that hypertension was involved in aneurysm 
enlargement but was not related to a history of 
ASCVD or blood cholesterol levels382).

However, 5-year survival rate has been reported 
to improve when statins, antiplatelet agents, and 
antihypertensive agents are administered to AAA to 
control risk factors for ASCVD383), and since these 
agents do not directly suppress the increase in AAA 
aneurysm diameter, it is thought that the effect is due 
to suppression of cardiovascular complications384).

From the above, at this time there are no longitudinal 
studies, but cross-sectional studies exist, and AAA is 
not an established risk factor for CAD, but it is a 
high-risk condition associated with cardiovascular 
disease377). Therefore, it is recommended that smoking 
cessation, blood pressure control, and exercise 
promotion, as well as aggressive control of risk factors 
for atherosclerotic disease, be implemented in AAA 
patients384).

3) Renal Artery Stenosis; RAS

Renal Artery Stenosis (RAS) is a high-risk condition for ASCVD. 

Renal artery stenosis (RAS) is an atherosclerotic 
stenosis in 95% of cases, and RAS has been reported 
to be found in 20% of Japanese people over 40 years 
of age at risk of atherosclerosis385). RAS is a progressive 
condition that tends to worsen kidney function but 
also increases the risk of cardiovascular complications 
and decreases survival386, 387).  Regarding the 
relationship with CAD, 30% of patients had RAS 

when the renal artery was examined as a screening 
during cardiac catheterization388) and that the survival 
rate decreases with the degree of stenosis of the 
RAS389), but no prospective study has been reported in 
Japan. On the release of other hand, the arterial 
stenosis for RAS has not been shown to have an 
inhibitory effect on cardiovascular complications or 
deterioration of kidney function390-393). However, there 
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treatment in a limited number of patients in the 
future396). However, at this time there is not enough 
evidence that RAS is a direct risk factor for ASCVD, 
but it is an important high-risk condition for 
cardiovascular disease with a high rate of CAD lesions.

have been reports that stenting has an effect on 
lowering blood pressure and cardiovascular 
complications in severe cases of RAS394), and a 
prospective study in Japanese subjects has shown that 
stenting has an antihypertensive effect395). It is 
necessary to examine the effectiveness of stent 

1.12 Subclinical Atherosclerosis

In this section, we examined scientific evidence 
for the following question: i.e. whether or not various 
subclinical atherosclerosis measures improve the 
predictive ability of prediction models for ASCVD 
risk (including the Suita Score and others)? The 
subclinical atherosclerosis measures we examined were: 
(1) brain magnetic resonance image (MRI), (2) carotid 
artery ultrasonography (intima-media thickness and 
plaque), (3) coronary computed tomography (CT), 
especially coronary artery calcification (CAC), (4) 

pulse wave velocity (PWV), (5) cardio-ankle vascular 
index (CAVI) and (6) ankle-brachial index (ABI). 

Note that in this section, we evaluated these 
subclinical atherosclerosis measures with respect to 
their ability to improve ASCVD risk prediction by 
adding them to a combination of classical risk factors. 
We have no intention to defy use of those measures 
for other (clinical) purposes. Additionally, a subclinical 
atherosclerosis measure may be useful in motivating 
classical risk factor management397, 398).

BQ8.  Do asymptomatic vascular lesions on brain MRI have a predictive power for the incidence 
of ASCVD beyond the clustering of classical risk factors (or a prediction model)?

In a general Japanese population, there were no reports evaluating whether asymptomatic 
vascular lesions in the brain (white matter lesions, lacunar infarction, microbleeds, and vascular 
stenosis) detected by brain MRI improve the predictability of cardiovascular disease incidence 
beyond the clustering of classical risk factors. Thus, it is unclear whether asymptomatic vascular 
lesions on brain MRI improve predictive ability. (Level of evidence: E-1b)

Studies show that brain MRI findings are 
associated with risk of stroke and cardiovascular 
incidence independently of classical risk factors in a 
general Japanese population399,400). For example, a 
multicenter study in Japan reported that the severity 
of asymptomatic periventricular hyperintensity (PVH) 
and deep subcortical white matter hyperintensity 
(DSWMH) was a predictor of future symptomatic 
cerebral infarction401), and the findings were generally 

consistent with those in the United States and Europe. 
However, we did not find any studies in a general 
Japanese population that evaluated the improvement 
of risk prediction beyond a classical risk factor-based 
prediction model by adding brain MRI abnormalities 
to the model. Therefore, scientific evidence was 
insufficient for recommending brain MRI for primary 
prevention to improve risk prediction beyond the 
clustering of classical risk factors.

BQ9.  Do intima-media thickness or plaque (IMT/plaque) findings by carotid artery 
ultrasonography have a predictive power for the incidence of ASCVD beyond the 
clustering of classical risk factors (or a prediction model)?

Very few reports have evaluated whether IMT/plaque by carotid artery ultrasonography improve 
the prediction of cardiovascular disease incidence beyond the classical risk factors in a general 
Japanese population. Only one report showed statistically significant improvement in a general 
Japanese population (Level of evidence: E-1b). 

We found two Japanese studies that evaluated the 
improvement in ASCVD prediction by adding carotid 
IMT/plaque (assessed with ultrasonography) as a 
primary prevention. One such study was from the 

Suita Study, a community-based study following a 
total of 4,724 Japanese individuals (mean age 59.7 
years) for more than 10 years for incidence of 
cardiovascular disease (stroke=221, CAD events=154). 
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0.656 when a high carotid IMT (≥ 4th of 5 quintiles) 
was added to the Framingham Risk Score. However, 
whether the “improvement” in ROC was statistically 
significant or not was not presented, thus, unclear403).

Expanding to the East Asian region, there were 
two reports (from Taiwan404) and China405)) showing 
that carotid artery ultrasonography significantly 
improved the predictive ability of incident 
cardiovascular disease beyond the clustering of classical 
risk factors, while others showed no significant 
improvement (China406)).

Overall, although the evaluation of carotid IMT/
plaque by ultrasonography appears promising, the 
scientific evidence for recommending carotid artery 
ultrasonography for primary prevention in Japanese 
individuals to improve risk prediction beyond 
clustering classical risk factors is not sufficient.

In the study, the addition of Max-CIMT (maximum 
IMT in the common carotid artery) ＞1.1 mm or 
Max-IMT (maximum IMT in all examined carotid 
arteries) ＞1.7 mm improved the C statistic compared 
to the Suita Score alone for the prediction of CVD 
(i.e. Stroke and CHD)402). The net reclassification 
index (NRI) improved in CVD incidence when max-
CIMT ＞1.1 mm or max-IMT ＞1.7 mm was 
added402). Another study examined a Japanese 
population of 783 patients with type 2 diabetes with a 
mean of 5.46-year follow-up. It revealed that carotid 
IMT (mean value of the common carotid artery) was 
a predictor of cardiovascular disease incidence (fatal 
and non-fatal myocardial infarction, angina, TIA and 
cerebral infarction. Number of incidences=85) 
independent of classical risk factors. A slight 
improvement in ROC was reported from 0.645 to 

BQ10.  Do coronary stenosis and CAC score using coronary CT have predictive ability for 
the incidence of ASCVD beyond the clustering of classical risk factors (or a 
prediction model)?

We did not find studies examining whether coronary stenosis or CAC scores assessed with 
coronary CT have predictive value for incident cardiovascular diseases beyond the clustering of 
classical risk factors in a general Japanese population free of ASCVD. (Level of evidence: E-1b)

We found no report of coronary CT angiography 
or CAC scores that may answer this BQ. On the other 
hand, in guidelines of Europe and the United States, 
CAC assessed with non-contrast CT has a certain role 
in the primary prevention of ASCVD. For example, 
the US AHA/ACC2019 primary prevention guidelines 
recommend the use of CAC as an adjunct examination 
in determining risk management goals (primarily 
statin use) for those aged 40-75 years at an 
intermediate 10-year risk of ASCVD incidence (7.5% 
to ＜20%). Recommendations vary depending on 
whether the CAC score is 0, 1-99, or 100 or higher 
(IIa, B-NR)407). However, the recommendations are 

mainly based on studies conducted in western 
populations, which have a higher incidence of CAD 
than the Japanese, thus, it would be inappropriate to 
apply them directly to the Japanese. Furthermore, in 
Japan, where medical radiation exposure is said to be 
higher than in Europe or the United States. The 
problem of increasing radiation exposure to a general 
population through CT imaging cannot be 
underestimated. In conclusion, there is little scientific 
evidence for performing coronary CT for primary 
prevention in the Japanese population to improve risk 
prediction beyond the clustering of classical risk 
factors.

BQ11.  Does PWV have predictive ability for the incidence of ASCVD beyond the clustering 
of classical risk factors (or a prediction model)?

Although baPWV (brachial-ankle pulse wave velocity) is likely to have predictive ability for 
ASCVD incidence in a general Japanese population beyond the clustering of classical risk factors 
(or a prediction model), several important unresolved issues make it insufficient as a basis for 
recommendation at present. (Level of evidence: E-1a)

A pooling study of Japanese cohort data in which 
baPWV was measured at the individual level assessed 
whether predictability of ASCVD improve with 
baPWV added to a prediction model by the criteria of 

C statistic, NRI, and integrated discrimination 
improvement (IDI) (J-BAVEL: Japan Brachial-Ankle 
Pulse Wave Velocity Individual Participants Data 
Meta-Analysis of Prospective Studies)29). The study 
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population is unknown. In addition, since the study 
sample was small (slightly more than 400) with only 
obese individuals included, the stability of the 
estimates is not sufficiently high and applicability of 
the results to a general population is limited. With 
those considerations, at present, there is insufficient 
scientific evidence to support the use of CAVI in 
primary prevention in a Japanese population to 
improve risk prediction beyond the clustering of 
classical risk factors.

Only one study has examined this BQ in a 
Japanese population. According to the results, in a 
sample of Japanese obese individuals, CAVI was 
predictive for ASCVD events (CAD, cerebral 
infarction/TIA (transient ischemic attack)/
atherosclerotic hemorrhage, and arteriosclerosis 
obliterans) that exceeded the clustering of classical risk 
factors410). However, the prediction model used in this 
study was derived from the United States (10-year 
atherosclerotic cardiovascular disease (ASCVD) risk 
score). The applicability of the score to a Japanese 

followed 14,673 people without a history of 
cardiovascular disease for an average of 6.4 years 
(death during the observation period=687; incidence 
of cardiovascular disease=735). According to the 
results, the addition of baPWV significantly improved 
the C statistic for cardiovascular disease incidence in 
the low-risk group (Framingham Risk Score ≤ 5 for 
men and ≤ 9 for women) or all subjects, while the 
NRI and IDI were significantly improved in the high- 
(≥ 9 for men and ≥ 15 for women), intermediate- and 
low-risk groups. Another study of the Hisayama 
cohort (N=2,916, mean follow-up 7.1 years; 
cardiovascular disease incidence=126), one of the 
cohorts that provided data to J-BAVEL above, 
reported significant improvements in both the C 
statistic and the NRI by adding baPWV to its own 

prediction model. This study proposed 16.6 to 17.6 
m/sec as the cutoff point for baPWV408). 

The J-BAVEL study used the Framingham Risk 
Score as a predictive model, which was derived from a 
Caucasian population in the US. Therefore, the 
applicability of the results to a Japanese population is 
questionable. Another unresolved issue is that an 
appropriate cutoff value of baPWV remains uncertain 
when adding to the predictive model for primary 
prevention. In another J-BAVEL paper, studying only 
on hypertensive individuals (N=7566), a cut-off value 
of 18.3 m/sec was proposed 409), but whether use of 
this cut-off value improves predictive ability has not 
been examined in the paper. These issues deserve 
further study.

BQ12.  Does CAVI have the predictive ability for the incidence of ASCVD beyond the 
clustering of classical risk factors (or a prediction model)?

There is only one report examining whether CAVI improves the predictive ability for incident 
cardiovascular disease beyond clustering of classical risk factors in a general Japanese 
population, and the scientific evidence supporting CAVI for primary prevention in a Japanese 
population is insufficient. (Level of evidence: E-1b)

BQ13.  Does ABI have predictive ability for the incidence of ASCVD beyond the clustering of 
classical risk factors (or a predictive model)?

Only one study has examined whether ABI is predictive beyond the clustering of classical risk 
factors for the incidence of cardiovascular disease in a sample of Japanese individuals free of 
cardiovascular disease. The study found no significant improvement in the prediction. The 
scientific evidence for performing ABI for primary prevention in a Japanese population is 
therefore lacking. (Level of evidence: E-1a)

According to a collaborative study consists of five 
cohort data on general populations in Japan 
(J-BAVEL-ABI; 10,679 individuals, mean follow-up 
7.8 years, CVD event=720)361), none of the criteria (C 
statistic, IDI or NRI) showed statistically significant 
improvement in the prediction with the addition of 

ABI. Other than the J-BAVEL-ABI, there were few 
studies on Japanese individuals that could provide 
answers to this BQ.

Many of the non-Japanese studies conducted on 
Asian individuals were difficult to obtain the answer 
to this BQ because the study participants had pre-
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prediction beyond the clustering of classical risk 
factors in primary prevention even in East Asia.

In conclusion, we believe that there is little 
scientific basis for the use of ABI for the purpose of 
risk prediction in primary prevention for a Japanese 
population beyond the clustering of classical risk factors.

existing conditions such as CKD411, 412). In a study of 
patients with type 2 diabetes in China, the 
improvement in predictive ability by AUC was not 
statistically significant in participants at low risk of 
cardiovascular disease413). Thus, there is little scientific 
evidence supporting use of ABI to improve risk 

1. 13 MASLD, MASH

BQ 14. What dyslipidemia is associated with MASLD/MASH*?
*Originally published as NAFLD/NASH: now described as MASLD(metabolic dysfunction-associated steatotic liver 
disease)/MASH(metabolic dysfunction-associated steatohepatitis)

• MASLD is associated with hypertriglyceridemia, hyper-LDL cholesterolemia, and hypo-HDL 
cholesterolemia. (Level of evidence: E-1b)

• sd-LDL and remnant cholesterol are increased in patients with MASLD. (Level of evidence: E-2)

According to the NAFLD / NASH Clinical 
Practice Guidelines 2020 of the Japanese Society of 
Gastroenterology and the Japan Society of Hepatology, 
it had been considered that nonalcoholic fatty liver 
disease (NAFLD) is often associated with metabolic 
syndrome, and in which steatotic liver is present in 
histological or imaging diagnosis and other liver 
diseases such as alcohol liver disease, viral liver disease, 
and drug-induced liver disease have been excluded414). 
NAFLD is classified into nonalcoholic fatty liver 
(NAFL), which rarely progresses, and nonalcoholic 
steatohepatitis (NASH), which progresses to cirrhosis 
and hepatocarcinogenesis414). 

Hamaguchi et al. conducted a prospective 
observational study of 4401 screening participants and 
reported that hypo-HDL cholesterolemia and 
hypertriglyceridemia were associated with the presence 
or absence of NAFLD at enrollment and with new onset 
of NAFLD415). More than 70% of patients with obesity 
and nearly 50% of patients with diabetes mellitus have 

NAFLD as a complication. Among dyslipidemias, 
hypertriglyceridemia, hyper-LDL cholesterolemia, and 
hypo-HDL cholesterolemia have the highest 
complication rates of NAFLD, in that order416).

Furthermore, Imajo et al. analyzed lipoprotein 
subclasses by HPLC in 156 patients with NAFLD (53 
patients with NAFLD and 103 patients with NASH) 
and reported that small, dense LDL (sd-LDL) was 
significantly increased in patients with NASH417). 
Campanella et al. reported that calculated remnant 
cholesterol (=TC-HDL-C-LDL-C) was increased in 
patients with moderate or severe NAFLD418).

Thus, in NAFLD/NASH, the association with 
various abnormalities of lipid metabolism has been 
reported. While abnormalities in lipid metabolism are 
a consequence of the pathogenesis of NAFLD/NASH, 
they also have a causal aspect. Future NAFLD/NASH 
drug development and intervention trials should be 
designed to evaluate whether both NAFLD/NASH 
and serum lipids improve.

BQ15. Is MASLD/MASH a high-risk condition for ASCVD?

Patients with MASLD/MASH have a higher risk of cardiovascular disease incidence and death 
compared to patients without MASLD. (Level of evidence: E-1a)

According to the NAFLD / NASH Clinical 
Practice Guidelines 2020 by the Japanese Society of 
Gastroenterology and the Japan Society of Hepatology, 
evaluation for potential cerebral and cardiovascular 
disease is recommended in patients with a platelet 
count ＜200,000/mm3 or a liver fibrosis prediction 
score FIB-4 index ≥ 2.67, even if they have no history 
of cardiovascular disease414).

Among previous overseas studies, a meta-analysis 

by Musso et al. reported an odds ratio of 2.05 for the 
incidence of CVD in the NAFLD group versus the 
control group414, 419). 

A subsequent meta-analysis of 34,043 patients 
(36.3% NAFLD patients) from 16 published studies 
found that NAFLD patients had an odds ratio of 1.64 
(1.26-2.13) for the incidence of CVD/death420). 
Furthermore, an increased odds ratio of 2.58 (1.78-
2.13) for the incidence of CVD/death was reported 
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mechanisms of increased CVD risk, which cannot be 
explained by lipid metabolism abnormalities alone, 
would be elucidated and the development of screening 
modalities to identify high-CVD risk populations 
would be developed. Recent drug development for 
NAFLD/NASH has beem required to ameliorate liver 
fibrosis. However, it is also worth considering whether 
drugs developed to target liver fibrosis are also effective 
in the prevention of CVD associated with NAFLD/
NASH. (See Appendix 2 “Flowchart for cardiovascular 
event screening in NAFLD patients in NAFLD/
NASH Clinical Practice Guidelines 2020”).

Note: The European Association for the Study of 
the Liver (EASL), the American Association for the 
Study of Liver Diseases (AASLD), and the Latin 
American Association for the Study of Liver Diseases 
(ALEH) have announced that the names of fatty liver 
diseases, such as nonalcoholic fatty liver diseases 
(NAFLD) and nonalcoholic steatohepatitis (NASH), 
were changed. The conventional NAFLD and NASH 
are now diagnosed as metabolic dysfunction associated 
steatotic liver disease (MASLD) and metabolic 
dysfunction associated steatohepatitis (MASH) only 
when some of the criteria for metabolic syndrome are 
met*. The Japanese Society of Hepatology announced 
its support for these new disease name changes and 
classifications on September 29, 2023**. For this 
reason, Japan Atherosclerosis Society has also decided 
to follow the change of the notation of NAFLD/NASH 
to MASLD/MASH in the title of BQ 14 and 15.
*Rinella ME, et al. A multi-society Delphi consensus 
statement on new fatty liver disease nomenclature. J 
Hepatol 2023 June 20; DOI: https://doi.
org/10.1016/j.jhep.2023.06.003
**https://dx-mice.jp/jsh_cms/files/info/1328/202309
29%E3%80%80oshirase62.pdf

for patients with NAFLD with more severe disease, 
such as advanced liver fibrosis420).

According to the results of a Swedish cohort 
study of 10,568 patients with liver biopsy followed 
from 1966 to 2017, 1,199 of 4,338 patients died of 
CVD, with a hazard ratio of 1.35 (1.26-1.44) for 
CVD in all NAFLD patients, 1.66 (1.38-2.01) in 
NASH without liver fibrosis and 1.40 (1.17-1.69) in 
NASH with liver fibrosis, but increases to 2.11 (1.63-
2.73) in cirrhotic NASH421).

On the other hand, a meta-analysis of 164,494 
participants in 21 cross-sectional studies and 13 cohort 
studies conducted between 1965 and 2015 of clinical 
studies reported that NAFLD was associated with the 
risk of CVD incidence but not CVD mortality422).

A study on high-risk coronary plaques by cardiac 
CT (positive remodeling, CT attenuation ＜30 HU, 
napkin ring sign, spotty calcium) in 445 patients (182 
patients with NAFLD) found high-risk plaques in 
59.3% of patients with NAFLD, compared to only 
19.0% of patients without NAFLD423). For peripheral 
arterial stiffness, a meta-analysis of 85,395 patients, 
including 29,493 patients with NAFLD enrolled in 
26 studies, found that NAFLD patients had an odds 
ratio of 1.74 (1.47-2.06) for carotid intima/plaque, 
1.56 (1.24-1.96) for arterial wall stiffness measured by 
pulse wave velocity, coronary calcification 1.40 (1.22-
1.60), and endothelial dysfunction 3.73 (0.99-14.09)424).

Although the presence of NAFLD/NASH has 
been reported to result in a higher rate of cardiovascular 
complications, no large-scale studies have yet been 
published that examined the risk of CVD incidence 
and mortality in Japanese patients with NAFLD. 
Recently, it has been reported that the prognosis of 
NAFLD/NASH is most related to the stage of liver 
fibrosis425). It would be highly expected that the 

1.14 Other Risk Factors/Markers To Consider

•Hyper-Lp (a) lipoproteinemia is a risk factor for ASCVD.

• Measurement of MDA-LDL is useful in predicting the prognosis of the incidence of CAD in 
diabetic patients with a history of CAD, as well as in non-diabetic patients for prognostic 
evaluation after coronary intervention therapy.

•Hyper-remnant-lipoproteinemia is a risk factor for ASCVD.

•Postprandial hyperlipidemia is a risk factor for CAD.

•High levels of small dense LDL cholesterol are a risk factor for ASCVD.

•High levels of apoB are a risk factor for ASCVD.

• Ratios of TC / HDL cholesterol, non-HDL cholesterol/HDL cholesterol, the LDL cholesterol, 
and apoB/AI are markers of ASCVD.

•Elevated levels of fibrinogen and plasminogen activator inhibitor 1 (PAI-1) are markers of ASCVD
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events444, 453).
Guidelines such as AHA/ACC set Lp(a) less than 

30 mg/dL as no significant ASCVD risk and Lp(a) 
greater than 50 mg/dL as a risk enhancing factor, and 
European atherosclerosis guidelines also consider 
Lp(a) greater than 50 mg / dL as high risk130, 456, 457). 
The coexistence of high Lp(a) and a family history of 
ASCVD or premature ASCVD increased the risk of 
ASCVD by a hazard ratio of 2.57 and 3.35 times, 
respectively458). 

2) MDA-LDL
MDA-LDL is a representative of oxidized LDL, 

in which LDL is subjected to oxidative stress and 
phospholipids and other lipids and apoprotein B are 
oxidatively modified144, 145). MDA-LDL is also useful 
in predicting the prognosis of recurrent CAD and 
restenosis after PCI in diabetic patients with a history 
of CAD146). In patients with stable angina pectoris on 
lipid-lowering therapy, the risk of cardiovascular event 
incidence increased 1.14 times per 10 U/L increase in 
MDA-LDL after treatment with drug-eluting 
stents459). High MDA-LDL on admission is associated 
with a worse prognosis in ACS patients undergoing 
PCI460). In an intravascular ultrasound study, high 
levels of MDA-LDL were significantly associated with 
plaque instability (intraplaque lipid accumulation and 
thinning of the fibrous capsule)461). In a retrospective 
study of lipid-lowering therapy-naive patients who 
underwent coronary CT examination with a diagnosis 
of stable angina, high MDA-LDL levels were 
significantly associated with plaque instability462). 
According to the clinical studies in Japan, the 
percentage of diabetes mellitus among eligible patients 
is 30-100%, and evidence in non-diabetic patients is 
accumulating, but the current insurance coverage for 
the examination of MDA-LDL is limited to diabetic 
patients.

3) Remnant Lipoprotein
The risk of cardiovascular events in patients with 

myocardial infarction is higher when the remnant 
lipoproteins are high and has been found to be an 
independent risk even when LDL-C is controlled to 
less than 100 mg/dL463, 464). The utility of measuring 
remnant lipoproteins has been recognized to assess the 
risk of recurrence in acute coronary syndrome (ACS) 
who have undergone coronary intervention and are 
taking statins, and for assessing ASCVD risk in 
primary and secondary prevention when type 2 
diabetes and CKD are combined465, 466). Hyper-
remnant-lipoproteinemia can also explain part of the 
residual risk of cardiovascular events in patients with 
CAD controlled at less than 70 mg/dL LDL-C with 

Although some of these factors are real risk 
factors involved in the development of atherosclerosis, 
others are likely markers of atherosclerosis and should 
be kept in mind. In addition to the established risk 
factors mentioned in the previous section, we propose 
risk factors or markers of ASCVD that should be 
considered.

1) Lp(a)
Lp(a) is an independent risk factor for CAD and 

stroke as previously reported in meta-analysis, 
Mendelian randomization analysis, and genome-wide 
studies426-436). The concentration of Lp(a) is higher 
when the size of apo(a) is smaller because of fewer 
repeats of Kringle IV-2, and in the case the risk of 
CVD is also higher130, 131, 427). Single nucleotide 
polymorphisms (SNPs) have also been shown to 
reflect these findings130, 131, 426-436). However, in the 
enhancement of total mortality risk, a small number 
of Kringle IV-2 repeats is a significant factor, but the 
effect of SNPs is not significant437). Atherogenic factors 
of Lp(a) have been proposed, including the promotion of 
thrombus formation based on the high homology of 
apo(a) protein with plasminogen130,432, 438), its association 
with oxidized phospholipids440, 441), and the deposition 
of apo(a) in the arterial wall441). Lp(a) is elevated in 
patients with FH, and Hyper-Lp(a)-lipoproteinemia 
may further increase the risk of cardiovascular disease 
in FH130, 427, 442, 443).

The contribution of hyper-Lp (a) lipoproteinemia 
in the primary prevention of ASCVD has been 
reported mainly from overseas prospective observational 
studies428, 435, 444-449). Among them, a cohort study of 
26,102 patients, which combined data from the United 
Kingdom and Denmark, showed that the risk due to 
hyper-Lp(a) lipoproteinemia was attenuated when 
LDL-C was controlled below 2.5 mmol/L (97 mg/
dL)449). Regarding the contribution of hyper-Lp (a) 
lipoproteinemia to the secondary prevention of 
ASCVD, pos hoc analyses of randomized controlled 
studies (RCTs) has confirmed that even with adequate 
control of LDL-C with statins or other treatments, 
hyper-Lp(a)-lipoproteinemia above 50 mg/dL is 
associated with increased risk444, 450-455) In an integrated 
meta-analysis of high-risk primary and secondary 
prevention studies using statins, the risk of 
cardiovascular disease increased linearly at baseline 
Lp(a) concentrations ≥ 30 mg/dL and at post-therapy 
Lp(a) values of ≥ 50 mg/dL455). In a clinical trial using 
a PCSK9 inhibitor, which, unlike statins, showed a 
clear reduction in Lp(a) along with LDL-C, cardiovascular 
events were reduced by 23% along with a 26.9% 
reduction in Lp(a), but it needs future studies whether 
the reduction in Lp(a) leads to prevent cardiovascular 
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or higher is considered a risk-enhancing factor for 
ASCVD, and in Europe, a non-fasting serum TG of 
175 mg/dL or higher is set as the cutoff value for 
dyelipidemia456, 480). In Japan, the diagnostic criteria 
for the clinical diagnosis of dyslipidemia include a 
fasting TG of 150 mg/dL or more and a non-fasting 
TG of ≥ 175 mg/dL. In addition, the utility of fasting 
apoprotein B-48 measurement as a screening marker 
for postprandial hyperlipidemia is expected481). RCTs 
in Japan have shown that pemafibrate, bezafibrate, 
ezetimibe, and EPA pharmaceutical formulation are 
effective in the treatment of postprandial 
hyperlipidemia482-486).

5) Small Dense LDL
Among LDL particles, small dense LDL 

(sdLDL)487-490), which is small in size and high in 
density, has been reported to be associated with CAD 
in numerous sources149, 488-492)and has also been shown 
to be associated with PAD and aneurysms493, 494). In 
addition, sdLDL cholesterol (sdLDL-C) has been shown 
to be more strongly associated with risk of CAD495, 496), 
the severity of coronary atherosclerosis149, 496), and the 
incidence of cardiovascular events in secondary 
prevention497) than LDL-C in Japanese population. 
The following have been proposed as reasons why 
sdLDL is a strong pro-atherogenic factor: it is easily 
oxidized498) and processed by pathways other than the 
LDL receptor499); it is easily incorporated into the 
arterial wall500) and binds readily to the matrix in the 
arterial wall501). An increase in sdLDL is closely 
associated with hypertriglyceridemia and hypo-HDL 
cholesterolemia495, 502) and is elevated in type 2 
diabetes, metabolic syndrome and insulin-resistant 
state495, 503). In Japan, high levels of sdLDL-C were 
significantly associated with CVD incidence in the 
Suita Study of 2,034 subjects, aged 60 years on 
average, with no history of CVD504). Similarly in the 
Hisayama Study of 3,040 subjects with no history of 
CVD, high sdLDL-C was a significant marker of the 
incidence of CHD, with a median sdLDL-C 
concentration of sdLDL-C of 32.9 mg/dL or greater 
resulting in twice as many CHD incidences as in the 
group with less than 32.9 mg/dL and less than 120.1 
mg/dL of LDL-C505). The clinical cut-off value for the 
concentration of sdLDL-C in Japanese patients using 
the ROC curve was 35 mg/dL, which was lower than 
the cut-off value of 50 mg/dL set in the United States 
and Europe506). In the United States, the association 
between sdLDL-C and the incidence of CHD has 
already been verified in the ARIC and the MESA 
studies, and the clinical assay of sdLDL-C level has 
been approved by the Food and Drug Administration 
(FDA)507, 508). Recent results from cohort studies of US 

statins467). High levels of remnant lipoprotein appear 
to contribute to the risk of ASCVD independently of 
hyper-LDL cholesterolemia to a roughly equivalent 
extent to LDL-C. A 1 mmol/L (approximately 39 mg/
dL) increase in LDL-C and remnant cholesterol levels 
was associated with a 1.3-fold increase versus a 1.4-
fold increase in the risk of myocardial infarction, 
respectively, in the Copenhagen study, a large 
observational study, and a 2.1-fold increase in LDL-C 
versus 1.7-fold in remnant lipoproteins impacted on 
myocardial infarction risk in the Mendelian 
randomized study436, 468, 469). In an observational study 
of primary prevention in overweight and obese high-
risk subjects, high remnant cholesterol levels were a 
significant risk factor for ASCVD, regardless of high 
or low LDL-C levels128). The evidence on remnant 
lipoproteins in Japan is based on the evaluation of 
remnant lipoproteins obtained by an immunosorbent 
assay or direct measurement, while most of the 
Western evidence is based on remnant cholesterol 
calculated by TC-LDL-C (direct method)-HDL-C 
(direct method)128, 470, 471). Remnant lipoproteins 
include not only endogenous apoB-100 as a 
constituent apolipoprotein but also exogenous apoB-
48 in a particle, both of which are useful in the 
evaluation of abnormal lipid metabolism and 
atherosclerosis risk472-474). Note that in evidence from 
previous studies, measurements of serum apoB-48 
concentration measurements have been based 
primarily on fasting blood samples.

4) Postprandial Hyperlipidemia
Since Zilversmit et al. proposed that postprandial 

increase in remnant-lipoprotein can induce 
atherosclerosis, the clinical significance of postprandial 
hyperlipidemia in terms of ASCVD risk has been 
established471, 475-477). As epidemiological studies in 
Japan show an increased risk of incidence of CAD due 
to high levels of non-fasting TG, a 1 mmol/L (88.6 
mg/dL) increase in TG increases the relative risk of 
developing CAD by 1.34 times overall, 1.29 times in 
men and 1.42 times in women98). The risk increases 
from non-fasting TG 115 mg/dL or higher, and at 
167 mg/dL or higher the risk increases more than 
triples, and it is found similarly even when corrected 
for HDL-C98). In a sub-analysis of MRFIT, non-
fasting TG was useful equivalently to or more than 
fasting TG in managing CAD risk, and the CAD risk 
was high at non-fasting TG levels of 200 mg/dL or 
more478). Overall postprandial hypertriglyceridemia in 
a large observational study showed that a non-fasting 
TG level higher than 175 mg/dL more than doubles 
the risk of myocardial infarction475, 479). In the United 
States, persistent hypertriglyceridemia of 175 mg/dL 



680

JAS Guideline 2022

apoAI, and apoB/AI ratios have been reported to be 
risk factors for ASCVD512, 522-526). A Chinese study 
reported that the apoB/AI ratio was more strongly 
associated with the severity of CAD than the 
Framingham Risk Score or the TC/HDL-C ratio527). 
The TC/HDL-C ratio, non-HDL-C/HDL-C ratio, 
LDL-C/HDL-C ratio, and the apoB /AI ratio were 
related to the severity of CAD in diabetic patients 
who developed CAD. Although the apoB/AI ratio was 
particularly involved in the CAD severity, its 
significance disappeared after correction for 
confounding factors528). In type III hyperlipidemia 
and dyslipidemia with increased remnant lipoproteins, 
which is a risk factor for ASCVD, evaluating the non-
HDL-C/apoB ratio is useful, and a cut-off value of 
6.55 mmol/g (2.53 mg/mg) or higher has been 
reported529). Although some studies in Japan have 
reported that the TC/HDL-C ratio is significantly 
associated with coronary artery calcification even after 
adjusting for confounding factors530) and that the TC/
HDL ratio, rather than TC, HDL-C and non-
HDL-C, is a predictor of CAD531), the evidence is still 
insufficient and control goals should be based on 
absolute values of each lipid level.

8) Inflammatory Marker (CRP, PTX-3, IL-6)
C-reactive protein (CRP) is one of the acute-

phase proteins that is used as an inflammatory marker. 
Chronic inflammation of blood vessels is an important 
factor in the development of atherosclerosis, and 
recently it has been reported that high-sensitivity CRP 
(hs-CRP) may be a risk factor for ASCVD532, 533). In 
Japan, there are reports that hs-CRP is significantly 
associated with stroke (especially cerebral infarction 
and lacunar infarction)534). Besides, hs-CRP is 
associated with the risk of myocardial infarction and 
incidence of cerebral infarction, of which the 
association is particularly strong in myocardial 
infarction535). In a meta-analysis of observational 
studies, CRP was associated with cardiovascular and 
all-cause mortality536). A decrease in CRP with statins 
has also been reported537), and there was an association 
between baseline CRP and cardiovascular events538), 
however, there was no association between the degree 
of reduction in CRP with statins and cardiovascular 
events. In a study of genotypes associated with serum 
CRP levels and frequency of CAD, CRP levels were 
not associated with frequency of CAD539), and it was 
also reported that CRP is not a true risk factor but 
only a biomarker of atherosclerosis in a Mendelian 
randomized study436). Pentraxin (PTX)-3, a member 
of the same pentraxin family as CRP, is expressed in 
vascular endothelial cells, smooth muscle cells, and 
leukocytes, unlike CRP, which is expressed in the liver. 

women and epidemiological studies in Europe have 
reported that high sdLDL-C is a risk of ASCVD 
overall, but particularly significant for myocardial 
infarction509, 510). In diabetic patients with stable CAD, 
high sdLDL-C has been reported in Asia to be a 
significant risk factor for major cardiovascular events 
(cardiovascular death, non-fatal myocardial infarction, 
unstable angina that requires hospitalization, emergency 
revascularization, and stroke)511).

6) Apolipoprotein B (apoB)
ApoB (apoB-100) is an apoprotein present in 

atherosclerosis-inducing lipoprotein particles such as 
LDL and remnants. As each lipoprotein particle 
contains one apoB molecule, the value of apoB is 
proportional to the number of these lipoprotein 
particles. Longitudinal studies and their meta-analyzes 
have shown that apoB is a stronger risk factor for 
cardiovascular events than LDL-C or non-HDL-C 
and improves the risk assessment of CAD 
incidence512-514). A meta-analysis of statin studies has 
shown that a reduction in apoB is associated with a 
lower risk of CAD incidence than a reduction in 
LDL-C and non-HDL-C515) and that adding apoB to 
LDL-C and non-HDL-C improves risk prediction516). 
However, only treatments that lower apoB, such as 
statins and ezetimibe, which increase the LDL 
receptor, reduce cardiovascular events, and treatment 
that did not elevate the LDL receptor, such as fibrates, 
did not have that effect517). Meanwhile, Mendelian 
randomized studies have shown that the LPL pathway, 
along with the LDL receptor pathway, contributes 
similarly to apoB concentration and cardiovascular 
event risk518). A Chinese cross-sectional study reported 
that apoB is associated with CAD, suggesting that 
apoB is a risk factor for cardiovascular events even in 
Asians519). As described above, apoB is associated with 
as much or more than LDL-C with respect to the risk 
of ASCVD, but evidence is insufficient for apoB to 
replace LDL-C as a therapeutic target520). However, 
since apoB concentrations reflect the number of apoB-
containing lipoprotein particles together with low 
cholesterol concentrations, they are useful in the 
assessment and clinical practice of residual risk when 
LDL-C has achieved therapeutic goals520, 521).

7) Ratios of Lipids and Apolipoproteins
Although lipid values such as LDL-C and 

HDL-C themselves are commonly used as risk factors, 
rather than these lipid or apolipoprotein values, the 
ratio of lipids and different lipoprotein cholesterols 
and the ratio of different apolipoproteins, namely, the 
TC / HDL-C ratio, non-HDL-C/HDL-C ratio, the 
LDL-C / HDL-C ratio, TG/HDL-C ratios, HDL-C/
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Mendelian randomized studies, hyperhomocysteinemia 
is not a risk factor for ASCVD, but only a marker436). 
A meta-analysis examining Hcy concentrations and 
prognosis in patients with acute coronary syndromes 
(ACS) found that higher Hcy concentrations were 
significantly associated with the risk of combined 
major cardiovascular endpoints and total mortality, 
but not cardiovascular death558). High Hcy levels also 
increase the risk of restenosis after coronary 
revascularization, total mortality, and cardiovascular 
death, but were not significantly associated with 
restenosis after stenting, except in some studies559, 560). 
A meta-analysis of Chinese case-control studies 
examining the association between cerebrovascular 
disease and Hcy concentrations found that Hcy 
concentrations were higher in patients with ischemic 
stroke than in healthy subjects561). A meta-analysis on 
cerebral small vessel disease (20 studies, 8 countries) 
found that Hcy concentration was significantly 
associated with cerebral small vessel disease562).

10) Blood Coagulation/Fibrinolysis Factors
Fibrinogen has been reported to be an 

independent risk factor for CVD563-566). In an 
integrated analysis of 52 prospective studies, 
fibrinogen, along with CRP, was a risk factor for new-
onset CVD532). By contrast, some recent reports 
studying the association of CRP and fibrinogen with 
mean IMT and coronary artery calcium score in the 
Japanese, Japanese American, and Caucasian 
populations have revealed that no significant 
association was found in any of the races after 
adjustment for multivariate model (age, SBP, LDL-C, 
HDL-C, fasting glucose level, smoking, and alcohol 
consumption) or for age and BMI567). Recent Mendelian 
randomization model studies have reported a causal 
relationship between fibrinogen and CAD, but the 
degree of involvement is small436, 565). The activity of 
plasminogen activator inhibitor 1 (PAI-1), a fibrinolytic 
factor secreted by vascular endothelial cells, was 
elevated in the acute phase of acute myocardial 
infarction and was lower than in the acute phase but 
higher than in the control group at the time of 
discharge about 1-month later568). Meta-analyzes have 
shown that statin treatment decreases plasma PAI-1569), 
and an observational study in middle-aged women 
reported that PAI-1 was associated with the development 
of coronary artery calcification570). Elevated PAI-1 
antigen, but not PAI-1 activity, was also reported to 
be associated with cardiovascular events571).

The association between CRP and PTX-3 in coronary 
artery plaques in pathological autopsies showed that 
the both reflect unstable plaques, but their 
distribution within the plaque differed between the 
two, suggesting that they may have different roles. 
Along with the correlation between changes in FMD 
and changes in PTX-3 and the lowering effect of 
statins on PTX-3, therefore, PTX-3 is also expected to 
be a specific marker reflecting CVD in the 
future540-542). Interleukin (IL)-6 is a cytokine secreted 
by T cells, B cells, macrophages, and other cells. In a 
meta-analysis of observational studies, IL-6 was an 
independent risk factor for the incidence of 
cardiovascular events and cardiovascular death543, 544). 
An RCT of canakinumab, a fully human anti-IL-1β 
monoclonal antibody targeting IL-1β, which activates 
the IL-6 signaling pathway, in patients with a history 
of myocardial infarction and high sensitivity CRP ≥ 
2.0 mg/L, also reported a reduction in recurrent 
cardiovascular events545).

9) Homocysteine
Elevated blood homocysteine (Hcy) levels are a 

risk factor not only for CAD but also for stroke and 
PAD546-548) and are an independent predictor of CVD 
and all-cause mortality549). A study involving older 
individuals, aged ≥ 85 years, who had no history of 
CVD showed that elevated Hcy levels increased the 
relative risk of myocardial infarction550). Hcy reduction 
therapy with B vitamins supplementation does not 
suppress coronary events551-553), but folic acid 
supplementation reduces the risk of cerebral infarction 
and cerebrovascular disease553), suggesting that it may 
be beneficial in the prevention of cerebral 
infarction554). In a meta-analysis of the risk of CAD in 
young adults, a significant increase in the risk was 
observed in the group with Hcy concentrations of 15 
μmol/L or greater and in Asians with the 
methylenetetrahydrofolate reductase (MTHFR) gene 
677C à T mutation555). The background for this 
finding has been suggested to be the relatively lower 
intake of folic acid by Asians than that by other races, 
and this implies a need to conduct further studies of 
hyperhomocyste inemia as an independent risk factor 
for CAD in Japan. In a European study using genome-
wide association analysis (GWAS), Hcy levels did not 
contribute to CAD risk in Caucasians556). 
Furthermore, it has been reported that there is no 
association between genetic mutations that cause 
elevated Hcy levels and atherosclerosis557), and in 
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the odds ratio of having overlapping risk factors in middle-
aged and older men in Japan is significantly higher for 
visceral fat obesity581), and to consider obesity as a disease 
with high risk of health problems that should be treated, 
the Japan Society for the Study of Obesity proposed 
the diagnostic criteria for “obesity disease”582, 583).

Obesity is a medical condition that requires 
weight loss treatment. In Japan, the body mass index 
(BMI) (weight (kg)/[height (m)]2) is used to determine 
obesity, and BMI=22, which has the lowest rate of 
disease complications, is defined as standard weight, 
while BMI≥ 25 is defined obese584). However, obesity 
is not immediately classified as a disease. Obesity is 
diagnosed when there are complications of health 
problems that are caused by or related to obesity and 
require weight loss, or when there is accumulation of 
visceral fat that is likely to be accompanied by health 
problems585). The screening criteria for visceral fat 
accumulation are waist circumference at umbilical 
height of 85 cm or more for men and 90 cm or more 
for women586), and if visceral fat accumulation is 
suspected, the area of visceral fat at umbilical height is 
measured using abdominal CT scan, and visceral 
tissue of adipose obesity is diagnosed when the area is 
100 cm2 or more. Visceral fat accumulation and the 
clustering of risk factors for arteriosclerosis are 
common factors in metabolic syndrome, and 
reduction of visceral fat is expected to improve not 
only lipid abnormalities, but also hypertension and 
impaired glucose tolerance575).

In fact, approximately half of patients with CAD 
have visceral fat accumulation587), and a cohort study 

Visceral fat accumulation is an established risk of 
atherosclerosis, and the importance of waist circumference 
measurement is also a global consensus572, 573). Japan’s 
dietary habits have clearly changed since the 1970s574), 
and there is concern that cerebrovascular and CAD 
disorders may increase due to overnutrition and lack 
of physical activity. Conditions in which risk factors 
such as impaired glucose tolerance, lipid abnormalities, 
and elevated blood pressure resulting from a disordered 
lifestyle are of particular importance. Metabolic 
syndrome is an ASCVD-prone condition based on 
visceral fat accumulation and insulin resistance575, 576), and 
abnormal secretion of bioactive molecules (adipocytokines) 
is believed to be important in the incidence of the disease.

2.1 Importance of Risk Factor Accumulation
In a survey577, 578) by the Ministry of Labor 

Research Group for Comprehensive Countermeasures 
against Work-Related Diseases, the results of health 
examinations of people with CAD incidence were 
analyzed up to 10 years ago, and it was confirmed 
that, compared to persons without CAD, those with 
incidence of CAD had mild but significantly higher 
body mass index (BMI), blood pressure, fasting blood 
glucose, and serum lipids, and that this had been 
persistent for 10 years. The NIPPON DATA80 
epidemiological survey also shows that the relative risk 
of death from CAD and stroke increases with the 
number of risk factors possessed577-580) (Fig. 2). 

Therefore, in the incidence of CAD in Japan, a 
condition with accumulation of risk factors is important, 
even if the degree of each risk factor is mild. In addition, 

2. Disease Concept and Diagnostic Criteria for Metabolic Syndrome
Metabolic syndrome is a condition that has a high risk of cardiovascular disease.
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Fig. 2. Relationship between the number of concurrent risk factors and death due to CAD and stroke 

(NIPPON DATA80: 1980-1994) (Nakamura Y et al : Circ J 70: 960-964, 2006)
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visceral fat area and accumulated risk factors, the 
average number of cardiovascular risk factors 
(dyslipidemia, high blood pressure, and high blood 
glucose) was more than 1.0 at 100 cm2 for the visceral 
fat area in both men and women597). The Japanese 
waist circumference is based on scientific evidence. 
The rationale is different from the Western standards 
for waist circumference, which simply use waist 
circumference corresponding to each country’s 
definition for obesity. Japan’s diagnostic criteria 
include the accumulation of visceral fat as a necessary 
condition, with the goal of reducing risk factors 
through interventions to reduce visceral fat. Even in 
the absence of visceral fat accumulation, the 
accumulation of risk factors is a high risk595). 
Importantly, the intervention methods differ from 
those with visceral fat accumulation, although it is 
necessary to keep in mind not only waist 
circumference but also the accumulation of risk factors 
without visceral fat accumulation. The mandatory 
measurement of waist circumference in specified 
health check-ups and occupational health check-ups 
that began in FY2008 is an attempt to curb the 
incidence of diabetes and ASCVD by using the 
concept of metabolic syndrome.

2.3  Association of Hyper-LDL Cholesterolemia 
with Metabolic Syndrome
Hyper-LDL cholesterolemia is a major risk factor 

for atherosclerosis and the significance of its treatment 
has already been established. Since metabolic 
syndrome is a high-risk condition for CAD 
independent of hyper-LDL cholesterolemia, LDL-C is 
not included in its diagnostic criteria. However, when 
metabolic syndrome is combined with hyper-LDL 
cholesterolemia, the risk of CAD is higher, and 
interventions for both are needed.

of Japanese Americans has shown that visceral fat 
accumulation, hypertension, and hyperglycemia are 
important risk factors for the incidence of CAD588). 

Overseas epidemiological studies589-592) and meta-
analyses593), the CIRCS Study85), the Tanno and Sobetsu 
Study594), the Hisayama Study580) and the recently 
published Japanese integrated prospective cohort study 
using waist circumference criteria595) have also shown 
that accumulation of risk factors, such as metabolic 
syndrome, increases the risk of atherosclerotic disease. 
In secondary prevention, cardiovascular events have 
been reported to occur at a higher rate in the presence 
of metabolic syndrome, and they are considered an 
important risk factor for CAD575).

2.2 Diagnostic Criteria for Metabolic Syndrome
In 2005, diagnostic criteria for metabolic 

syndrome, which are based on the accumulation of 
visceral fat and is complicated by lipid abnormalities, 
high blood pressure, and hyperglycemia, were 
established (Table 3)575). This diagnostic criterion 
substitutes visceral fat accumulation for waist 
circumference and in addition defines the presence of 
two or more risk factors575). The International 
Diabetes Federation has also published similar 
diagnostic criteria576). The European and American 
scientific societies later issued a joint declaration 
proposing that an individual with three of the five risk 
factors - visceral obesity, hypertriglyceridemia, hypo-
HDL cholesterolemia, high BP reading and high 
glucose level - can be diagnosed as metabolic 
syndrome596), and visceral fat accumulation was not 
considered necessary condition in the criteria.

The criteria for waist circumference in Japan 
were determined by the absolute visceral fat area 
(VFA) of 100 cm2. According to a recent large-scale 
cross-sectional study conducted in Japan on the 

Table 3. Diagnostic criteria for metabolic syndrome in Japan

Visceral fat accumulation •  Measurement of visceral fat content by methods such as 
CT scanning is recommended.

•  The waist circumference is measured at the umbilical level 
in the standing position during light breath ing. If the 
umbilicus is displaced due to marked fat accumulation, 
measurement is performed at the level of the midpoint 
between the lower costal margin and iliac crest.

•  If a diagnosis of metabolic syndrome has been made, a 
glucose tolerance test is recommended, but it is not 
essential for the diagnosis.

•  If the examinee is receiving drug treatment for 
hypertriglyceridemia, hypo-HDL cholesterolemia, 
hypertension, or diabetes mellitus, include each in the 
respective  category.

(Evaluation Committee on Diagnostic Criteria for Meabolic 
Syndrome: Internal Medicine, 2005; 94: 794-809, in Japanese)

Waist circumference Men ≥ 85 cm
Women ≥ 90 cm

(The values for both men and women correspond to visceral fat ≥ 100 cm2).

Two or more of the items mentioned below in addition to the above

Hypertriglyceridemia
and/or

Hypo-HDL cholesterolemia

≥ 150 mg/dL

＜40 mg/dL
for both men and women

Systolic blood pressure 
and/or

Diastolic blood pressure 

130 mmHg

≥ 85 nnHg 

Fasting hyperglycemia 110 mg/dL
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addition to those selected in the previous 2017 
edition. The summary is shown in Table 4.

1.1 Setting Absolute Risk
The Suita score adopted in the 2017 edition of 

the Guidelines for the Prevention of Atherosclerotic 
Diseases was able to estimate the absolute risk of CAD 
as an outcome. However, the absolute risk was based 
only on the incidence of CAD, including myocardial 
infarction, and did not include stroke as shown in the 
Western risk scores.

Strokes can be broadly classified into 
subarachnoid hemorrhage, intracerebral hemorrhage, 
and cerebral infarction. Cerebral infarction is further 
classified into penetrating artery infarction and 
cortical artery infarction in epidemiological studies, 
and the latter into thrombotic and embolic types601). 
Serum TC is negatively associated with cerebral 
hemorrhage, not associated with penetrating artery 
infarction, and positively associated with cortical 
artery infarction602). Among cerebral infarctions, 
atherothrombotic cerebral infarction, whose etiology 
is atherosclerosis, has been shown in a recent cohort 
study in Japan to be associated with elevated TC67), 
LDL-C42), and non-HDL-C79) as risk factors. As with 
CAD, the importance of lipid management has been 
pointed out in the Japanese Guidelines for the 
Management of Stroke401). In addition, while cerebral 
hemorrhage and penetrating artery infarction 
(so-called lacunar infarction) have been the most 
common types of strokes in Japan, the proportion of 
cerebral infarction and atherothrombotic cerebral 
infarction has been increasing in recent years. In the 
Hisayama study, 22 of 70 (31.3%) men and 20 of 84 
(23.8%) women who had cerebral infarction in the 
third cohort (1988) had atherothrombotic cerebral 
infarction603). In men, the rate increased from 19.4% 
in the first cohort (1961). On the other hand, in the 
JPHC study, there was a significant increase in the 
percentage of cerebral infarction among all strokes in 

Clinical guidelines in various countries for the 
prevention of ASCVD have adopted a lipid 
management approach based on absolute risk: the 
probability of developing or deaths from ASCVD. 
The 2018 U.S. ACC/AHA guideline456),  a 
representative example of this approach, pooled five 
major U.S. cohort studies to create a Pooled Cohort 
Equation (PCE) that accounts for differences in 
ASCVD frequency by gender and race and calculated 
the 10-year absolute ASCVD risk was incorporated 
into the guideline flow. This PCE can estimate the 
absolute risk of developing cerebral cardiovascular 
disease, which includes fatal and non-fatal myocardial 
infarction and stroke combined, rather than just CAD 
as the Framingham score does. A similar process is 
employed in the European SCORE risk chart598), 
which can estimate the absolute risk of death from the 
same disease.

In Japan, the 2012 edition of the Guidelines for 
the Prevention of Atherosclerotic Diseases used the 
NIPPON DATA80 risk chart286) to predict 10-year 
CAD mortality, and the 2017 edition used the Suita 
score599) to assess absolute risk of developing CAD 
over 10 years. In developing the 2017 version of the 
guideline600), we conducted the systematic review (SR) 
with the BQ: “Are there any evaluation methods to 
predict the onset and death of ASCVD in Japanese?” 
As a result, nine references were selected, and the Suita 
score was finally adopted, considering whether the 
outcome grasps the onset of disease as well as death, or 
whether LDL-C can be appropriately evaluated as a 
medical guideline.

Based on this history, in the 2022 edition of the 
Guidelines for the Prevention of ASCVD, the SR was 
conducted with the same BQs for references that were 
published between January 1, 1990, and the end of 
December 2020. In this SR, outcomes were divided 
into (1) CAD, (2) cardiovascular disease, and (3) 
cerebral infarction.

As a result, five new references were selected in 

Chapter 3.   
Comprehensive Risk Management for the Prevention 
of ASCVD

1. Absolute Risk of ASCVD and Lipid Management Targets
BQ16. Are there any evaluation methods to predict the onset and death of ASCVD in Japanese?

There are several evaluation methods for predicting the absolute risk of ASCVD in the Japanese 
population, and hypertension, diabetes, and smoking are used as predictive indicators of 
ASCVD. In addition to the above, LDL cholesterol, non-HDL cholesterol, and HDL cholesterol 
are also used as predictive indices in the evaluation methods for predicting the onset and death 
of ASCVD including atherothrombotic cerebral infarction. (Evidence level: E-1b)
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and only included atherothrombotic cerebral 
infarction as a combined outcome with CAD606). 

These results suggest that an absolute risk score 
for defining lipid management criteria that contribute 
to the prevention of ASCVD should not be limited to 
CAD, but should include the incidence of ASCVD, 
including cerebrovascular disease, as an outcome, and 
should include LDL-C in conjunction with lipid 
management. The Suita study and the Hisayama study 
fall into this category, but the former uses a scoring 
method based on a combination of non-HDL-C of 
170 mg/dL or more/less and LDL-C of 140 mg/dL or 
more/less, and the LDL-C setting is binary, whereas 
the Hisayama study606) categorized as ＜120 mg/dL 
(reference), 120-139 mg/dL, 140-159 mg/dL, and ≥ 
160 mg/dL, and the reference values were in line with 
the 2017 control targets. In the Hisayama study, 
furthermore, the outcome was ASCVD, namely CAD 
and atherothrombotic cerebral infarction, as 
mentioned above, which is most consistent with the 
intended outcome of this guideline. Judging from 
these factors, the scoring table606) for the Hisayama 
study was judged to be the most appropriate.

1.2  Approaches to the Management of 
Dyslipidemia using Absolute Risk

The U.S. ACC/AHA guidelines 2018 do not set 
a control target for LDL-C but indicate how much 

the 2005-2009 cohort, and by stroke type, 61 
(26.5%) men and 26 (22.4%) women out of 230 men 
and 116 women who had cerebral infarction, 
respectively, had atherothrombotic cerebral 
infarction604). Over the past 10 years, this proportion 
remained unchanged in men and showed an 
increasing trend in women. Considering the current 
situation in Japan, it was considered appropriate to 
include atherothrombotic cerebral infarction in 
addition to CAD as ASCVD. The definition of 
atherothrombotic cerebral infarction in this guideline 
is broader than the clinical definition of stroke and 
should be considered as cerebral infarction based on 
atherosclerosis.

Of the articles newly selected by the SR, only 
one had death as the outcome531), and the others had 
incidence or death as the endpoint. Regarding lipids, 
HDL-C was commonly included as a predictive index, 
but in addition, two articles287, 605) used non-HDL-C 
and two articles287, 606) used LDL-C. LDL-C was 
calculated by the Friedewald formula in all studies. 
There were differences in the outcome settings among 
the studies. Some studies used the single event of 
myocardial infarction, stroke, or death as the outcome, 
while others used the combined outcome of 
cardiovascular diseases. Many studies included 
hemorrhagic stroke and lacunar infarction in 
stroke287,605,607), but one of the two published scores 
from the Hisayama study excluded hemorrhagic stroke 

Table 4. Absolute risk prediction tool for ASCVD based on cohort studies in Japan

Name of Cohort Method of risk 
assessment

Period of risk 
assessment

Risk factors used for assessment Outcome 

Suita Study287) Scoring table 10 years Age, sex, SBP, DBP, HDL‐C, non‐HDL‐C, LDL‐C 
(Friedewald formula), diabetes, smoking, urinary 
protein, electrocardiogram (atrial strain, left 
ventricular hypertrophy) cerebral hemorrhage) (tool 
with or without electrocardiogram)

CVD incidence and death 
(ischemic heart disease, 
Stroke incl. 

JALS Study605) Scoring table 5, 10 years Sex, age, BMI, HDL‐C, blood pressure stage (with 
or without antihypertensive medication), eGFR, 
non‐HDL‐C (only in the model of myocardial 
infarction), diabetes, smoking, presence of atrial 
fibrillation (a model without atrial fibrillation was 
also created)

MI incidence. MI+Stroke 
incidence incl. cerebral 
hemorrhage, all forms of 
CVD death

Hisayama Study607) Scoring table 10 years Sex, age, SBP, diabetes, HDL‐C, smoking, exercise Stroke incl. cerebral 
hemorrhage, ischemic 
heart disease, CVD

EPOCH‐JAPAN531) Scoring table 10 years Sex, log‐age, smoking, diabetes, urine protein, log‐
SBP, log‐TC/HDLC, log‐age×log‐SBP, log‐ age×
smoking

ischemic heart disease, 
stroke incl. cerebral 
hemorrhage, CVD death

Hisayama Study606) Scoring table 10 years Sex, age, SBP, diabetes, HDL‐C, LDL‐C 
(Friedewald formula), urine protein, smoking, 
exercise

arteriosclerotic disease  
(ischemic heart disease, 
atherothrombotic cerebral 
infarction) incidence
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of ASCVD, and the ESC/EAS 2016 guidelines, which 
use death as the outcome, define high risk as 5% to 
9% or more and advanced high risk as 10% or more. 
These criteria are not equally comparable because they 
are influenced by differences in the incidence and 
mortality of ASCVD and population-contributed risk 
ratios in different countries. However, it is unlikely 
that the situation of ASCVD in Japan has changed 
significantly since the publication of the 2017 version 
of this guideline, and we have decided to follow the 
previous settings.

1.3 Categorization according to ASCVD Risk
Fig. 3 shows a flowchart using absolute risk based 

on the scores of the Hisayama study606). To screen for 
dyslipidemia, first check for a history of CAD, 
atherothrombotic cerebral infarction or other cerebral 
infarction with obvious atheroma* (*more than 50% 
stenosis of intracranial and extracranial arteries or 
aortic complex atheromatous lesions), and if “yes,” 
secondary prevention will be applied. In the case of 
secondary prevention, not only atherothrombotic 
cerebral infarction but also other types of cerebral 
infarction were included in the secondary prevention 
if there was obvious atheroma. In addition, patients 
with diabetes mellitus, chronic kidney disease (CKD) 
or peripheral arterial disease (PAD) are classified as 
high risk. In the absence of these factors, scores from 
the Hisayama study will be calculated for each age 
group and assigned to “low risk,” “moderate risk,” or 
“high risk” groups.

In addition, lipid-lowering therapy has been 

LDL-C should be lowered by statin therapy according 
to absolute risk456). For example, in the case of 
moderate risk, where the absolute risk of ASCVD is 
between 7.5% and 20%, a 30% to 49% reduction in 
LDL-C is recommended. However, the Japanese 
guideline’s approach to dyslipidemia management 
using absolute risk was based on the approach 
presented in the 2017 version of the guideline, which 
states, “In actual clinical practice in Japan, it is 
preferable to have a management target from the 
perspective of patient adherence, and in fact, many 
practical clinicians use the management target as a 
guide for treatment. Therefore, the management target 
value should be maintained as before.”

For setting the grade of absolute risk, the 
Hisayama study set the probability of developing 
ASCVD (CAD and atherothrombotic cerebral 
infarction) within 10 years as less than 2% as low risk, 
2% or more, but less than 10% as moderate risk, and 
more than 10% as high risk606), and we adopted those 
values in this guideline. The 2017 version of the Suita 
score was the absolute risk for developing CAD, 
whereas that of the Hisayama study was the absolute 
risk for ASCVD, which includes CAD and 
atherothrombotic cerebral infarction. Although 
absolute risk is affected by differences in the age 
structure of the study population and the method of 
ascertaining the outcome, the stratification based on 
this criterion was almost identical to the stratification 
in the 2017 version of this guideline.

The U.S. ACC/AHA 2018 defines high risk as 
an absolute risk of 20% or more for the development 

YesHistor of or Atherothrombotic cerebral infarction
(including other cerebral infarctions bvious atheroma*)?

No

Screening for dyslipidemia

Secondary prevention

Does t atient have any following?
Diabetes (excluding prediabetes)
CKD
PAD

Yes High risk

No

CategoryPredict year r
atherosclerotic diseases

Hisayama score

yrs. yrs.yrs.yrs.

Low risk＜2%ー

Moderat2% t ＜

ー

Calculate based on the Hisayama score 
(Fig. 4).

* More than  stenosis of intracranial and 
extracranial arteries or aortic complex 
atheromatous lesions

Note: If familial hypercholest erolemia or familial type III 
hyperlipidemia is diagnosed, refer to the chapters 
"Familial hypercholesterolemia" and "Other Primary 
dyslipidemia" in Chapter 4 and Chapter 5, respectively, 
instead of using this chart.

Fig. 3. Flowchart for setting lipid management targets from the viewpoint of ASCVD prevention
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and CKD is a high-risk condition, so it was excluded 
from the items that predict absolute risk for setting 
lipid management targets. However, since prediabetes 
increases the risk of ASCVD (see Chapter 2, 1.4, 
“Diabetes and Prediabetes”), one point was added to 
the score if prediabetes was present. Similarly, the 
original Hisayama score includes the presence or 
absence of exercise habits, but it is not used in this 
guideline because the information may not always be 
heard in daily practice. In addition, as mentioned 
above, the score for people aged 80 years or older is 
not used in this guideline.

The presence of antihypertensive medication was 
not included in the final model during the 
development of the Hisayama score. Other 
medications were not considered as in the Western 
guidelines. Since it has been reported that the absolute 
risk of stroke is generally higher in patients taking 
antihypertensive medication than in those not taking 
medication at the same blood pressure level608), we 
should consider the possibility that the absolute risk 
may be underestimated in patients taking 
antihypertensive medication, even though it was not 
included in the model. This argument was also made 
when the 2017 version of the Suita score was adopted 
and was considered a matter to be considered when 
assessing absolute risk for medication-takers.

It has long been pointed out that there are 
differences in the incidence of cerebral and 
cardiovascular diseases due to regional differences and 
social factors. Therefore, it is necessary to take such 
factors into account when assessing absolute risk. It 
has been reported that there are differences between 

reported to be effective in reducing cardiovascular 
events in Japanese patients aged 75 years or older (see 
Chapter 7, “Older people”). However, because the 
absolute risk increases with age, and there are large 
individual differences in complications and other 
factors, the results of the score should not be 
immediately linked to management targets for 
primary prevention in patients aged 80 years or older. 
Therefore, it is not included in the flow chart.

If diagnosed as FH or familial type III 
hyperlipidemia, you need to follow the appropriate 
medical policy without using this chart.

Fig. 4 shows the prediction model for the 
incidence of ASCVD based on this guideline, which 
estimates absolute risk by summing the points for each 
risk factor as in the 2017 version. The six risk factors 
are gender (men and women), systolic blood pressure 
(5 categories), prediabetes (presence or absence), 
LDL-C (4 categories), HDL-C (3 categories), and 
smoking (presence or absence). Current smokers 
(habitual smokers who smoke at least one cigarette 
daily) are classified as smokers. Past smokers are 
classified as never smokers. A table mapping the sum 
of the points to absolute risk is prepared for each age 
group (10 years). These six items are currently 
included in the specific health checkups conducted in 
the community and in the regular health checkups at 
workplaces and were considered to be highly versatile.

The Hisayama score used in this guideline differs 
slightly from the original Hisayama score. In the 
original score, proteinuria, an indicator of diabetes 
mellitus and CKD, was selected as a risk factor. In this 
guideline, however, the presence of diabetes mellitus 

Past smokers are ssumed to be no smoking.

Points1. Sex
Woman

7Man

Points2.SBP
0
1
2
3
4

Points3. Prediabetes
(not including diabetes)

0No
1Yes

Points4. Serum L
0g/dL
1mg/dL
2mg/dL
3g/dL

PointsSerum
0g/dL
1mg/dL
2g/dL

Points6. Smoking*
0No
2Yes

yrs.yrs.yrs.yrs.Tota
3.4%1.7%<1.0%<1.0%0

<1.0%<1.0%1
2.2%<1.0%<1.0%2
2.6%1.1%<1.0%3

6.0%3.0%1.3%<1.0%4
3.4%1.4%<1.0%

1.7%<1.0%6
<1.0%7

10.4%2.2%1.1%8
6.0%2.6%1.3%

13.6%3.0%1.4%10
3.4%1.7%11

17.7%12
20.2%10.4%2.2%13

2.6%14
13.6%6.0%3.0%

3.4%16
33.0%17.7%17
37.0%20.2%18
41.1%10.4%

PointsTot fro to 6.

Fig. 4. Prediction model for the onset of ASCVD using the Hisayama score
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and lifetime risk diverged greatly, and it was 
considered important from the perspective of 
preventing ASCVD to show the lifetime risk together 
with the absolute risk. However, at this point, no 
evidence has been published from Japan to score the 
prediction of lifetime risk, and this is an issue to be 
discussed toward the next guideline.

1.5  Targeted Management of Dyslipidemia 
from the Perspective of Prevention of 
ASCVD
The target values for the management of 

dyslipidemia by each category are shown in Table 5.
In primary prevention, lifestyle modification 

should be conducted for 3 to 6 months in principle, 
and its effects should be evaluated before considering 
the use of pharmacotherapy. However, if LDL-C of 
180 mg/dL or higher persists in any of the control 
categories, drug therapy may be considered along with 
lifestyle modification. The LDL-C control targets 
were determined by the SR of observational and 
interventional studies: less than 120 mg/dL for the 
high-risk control group, and less than 160 mg/dL and 
140 mg/dL for the low- and moderate-risk control 
groups, respectively, following the control targets in 
the 2017 guidelines. These control targets are effort 
targets. A meta-analysis of randomized controlled 
trials using statins showed that a 20% to 30% 
reduction in LDL-C was associated with a 30% 
reduction in the incidence of CAD613, 614). Therefore, a 
20% to 30% reduction in LDL-C may be a target 
value for low- and moderate-risk management 
categories. However, in the case of FH (primary 
prevention) and familial type III hyperlipidemia, other 
treatment should be considered; since treatment of 
FH patients is difficult and the risk of future CAD 
complications is extremely high, referral to a specialist 
is recommended (see Chapter 4, “Familial 
hypercholesterolemia” and Chapter 5, “Other primary 
dyslipidemias”).

In light of the evidence for the effectiveness of 
interventions for dyslipidemia, the lipid management 
targets by risk category were developed on the 
assumption that they would apply to adults younger 
than 80 years. Whether lipid management is 
appropriate for individuals younger than 40 years is 
left to the judgment of the attending physician. The 
risk chart for the Hisayama study used in this 
guideline is for persons aged 40 years and older, and 
absolute risk for persons younger than 40 years cannot 
be calculated. However, the absolute risk for the 
10-year period under 40 years of age is very low, and 
therefore, motivation should be based on the 
aforementioned lifetime risk, taking into account the 

urban and rural areas110), or that NIPPON DATA90 
shows an increased risk of cardiovascular disease 
mortality among workers in small companies 
compared to workers in large companies and civil 
servants609). Overseas studies have also pointed out the 
association with socioeconomic factors and have 
shown that the actual absolute risk is higher than the 
predicted value in groups with high socioeconomic 
poverty610). The risk score in the 2022 version was 
created from the data of the Hisayama study and is 
unlikely to be representative of the national 
population at absolute risk. However, similar doubts 
about the representativeness of the underlying data 
were pointed out in the Suita score used in the 2017 
version, and it should be noted that it is necessary to 
estimate the absolute risk this time based on the 
regional characteristics of the data. Ideally, the study 
should be conducted in a stratified randomly selected 
population of Japanese citizens, as in the 2012 version 
of NIPPON DATA80, but in that case, it is not 
possible to conduct an incidence study, and this is an 
issue for future study.

1.4 The Concept of Lifetime Risk
Absolute risk is naturally strongly influenced by 

age, and the 10-year probability of developing 
ASCVD is predicted to be small in the case of mature 
and middle-aged people. However, it is clear that if 
people age with risk factors, they will eventually be at 
a greater risk. Therefore, when considering prevention 
of ASCVD, it is necessary to present not only the 
absolute risk for 10 years in the future, but also the 
relative risk or lifetime risk perspective611). In 2018 
The ACC/AHA guidelines recommend prioritizing 
lifetime risk over absolute risk for the age group of 
20-39 years and using it as a communication tool 
between physicians and patients to improve risk 
factors. Lifetime risk has also been estimated in the 
EPOCH Japan612) and Suita studies48), which are 
cohort studies of Japanese subjects. For example, in 
the Suita study, the lifetime risk of developing CAD at 
age 45 years with LDL-C of 160 mg/dL or higher was 
47.2% in men and 10.2% in women48). On the other 
hand, the 10-year absolute risks for the same age 
group were 3.7% and 0.0%, respectively. Thus, in 
people in their 40s and 50s, the 10-year absolute risk 

Application for predicting incidence of ASCVD 
and setting target values (in Japanese)
URL: https://www.j-athero.org/jp/general/ge_tool2/
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FH, diabetes mellitus, complications of CAD and 
atherothrombotic cerebral infarction (other cerebral 
infarctions with obvious atheroma) as shown in Table 
6 are considered to have higher risk and should be 
considered for more stringent lipid management with 
a target of LDL-C less than 70 mg/dL and non-
HDL-C less than 100 mg/dL. (For details, please refer 
to “Chapter 3, 5.1 History of CAD (secondary 
prevention).

Although control targets have been set for each 
item of dyslipidemia, the first priority should be to 
achieve the control target for LDL-C, and once that is 
achieved, if information is obtained, we will consider 
achieving the control target for non-HDL-C. As in 
the 2017 guideline, the control target for non-HDL-C 
was set at 30 mg/ dL to LDL-C as the target value for 
non-HDL-C control81, 82) as per the 2017 guidelines. 
In addition, if TG is 400 mg/dL or higher and blood 
is drawn at any time, non-HDL-C should be used as 
the control target value instead of LDL-C from the 
beginning. When non-HDL-C is used as a screening 
test in the general population, it should be noted that 

fact that it is calculated higher for younger individuals.
On the other hand, secondary prevention, in 

which there is already a history of CAD or 
atherothrombotic infarction (including other cerebral 
infarctions with obvious atheroma), is considered to 
require more aggressive treatment and is treated 
separately from primary prevention. In secondary 
prevention, LDL-C control targets should be set lower 
than in primary prevention. Large-scale clinical trials 
in Europe and the United States have shown that 
lowering pre-treatment LDL-C, even at average levels, 
is effective in preventing recurrence of CAD, lowering 
total mortality, and reducing stroke. Subsequent 
observational and clinical studies conducted in Japan 
showed that the lower the LDL-C level up to 100 mg/
dL, the lower the frequency of recurrence. Therefore, 
the target of secondary prevention is to achieve 
LDL-C of less than 100 mg/dL by pharmacotherapy 
as well as lifestyle modification, but if it is difficult to 
achieve LDL-C of less than 100 mg/dL, it is possible 
to achieve LDL-C reduction of 50% or more. In 
addition, in secondary prevention, patients with ACS, 

Table 6. Patient conditions that require more stringent management in secondary prevention

 · Acute coronary syndrome

 · Familial hypercholesterolemia

 · Diabetes mellitus

 ·  Both coronary artery disease and atherothrombotic cerebral infarction (including other cerebral infarctions with obvious atheroma)

Target v for g t ( /dL)

TG

40

<150
***

<175

<190<160Low risk

er appl rug therap .

<170<140
<150
<130*

<120
<100*

<130
<100**

<100
<70**

disease

*I dia etes ellitus, sider whe there is o pli atio of PAD, roa ath (re ath , ropath , europath , or s k . (See )
** o der for patie ts with a of the f g four : te or ar s ro e, fa ilial h per holesterol ia, dia etes llitus, or ro ar arter disease o i ed
with atherothro oti ere l o g other ere ral i tio s with o vious athero a).
Although drug therap is the r a s of g target values i pr r preve t , drug therap should e ered for of 180 g/dL or higher i a
of th trol ategories. The possi ilit of f ilial h r lesterol ia should also e kept i . (See hapter 4)
First, we ai to eve the target value of , d the to eve
For p r preve tio (low d erate k), a 20 30% re o rate ould e a target.
***Fas g for re tha 10 hours is ered "fas . However, i take of water, tea, d other ri fluids is allowed. All other i s are ered as " fas g".
****More tha 50% st s of the i tra r l a d extr ra l arteries or aorti o lex ather atous lesi
For the older people, see hapter 7.

Table 5. Target values for lipid management by risk category



690

JAS Guideline 2022

associated with hypertriglyceridemia, and its 
management is important. In addition, there are few 
effective drugs for low HDL-C, and it has been 
reported that the risk of CAD is not high when only 
HDL-C is low and no other lipid abnormalities are 
present92). Therefore, lifestyle modification should be 
the basic treatment after controlling LDL-C, non-
HDL-C, and TG.

the difference between non-HDL-C and LDL-C is 
smaller than 30 mg/dL and is usually around 20 mg/
dL615, 616). On the other hand, as in the previous 
guideline, it is recommended that TG and HDL-C be 
managed with the goals of less than 150 mg/dL 
(fasting) and more than 40 mg/dL for primary and 
secondary prevention, respectively (less than 175 mg/
dL for non-fasting). As for TG, even if the LDL-C 
control goal is achieved, high non-HDL-C is often 

2. Lifestyle Improvements

2.1 Smoking Cessation

•Smokers are encouraged to quit smoking for primary and secondary prevention of ASCVD.

• The avoidance of passive smoking is recommended for all individuals for primary and 
secondary prevention of ASCVD.

• The smoking cessation intervention is the treatment of nicotine dependence, and the use of 
smoking cessation aids is recommended to increase the success rate of smoking cessation.

Regardless of whether or not a person has a 
history of ASCVD, smoking cessation reduces the risk 
of disease progression, morbidity, and mortality, and 
this effect is independent of age or gender166). It is also 
known that the effects of smoking cessation on 
ASCVD appear relatively quickly after the start of 
smoking cessation and that the risk decreases with the 
length of smoking cessation, including in older 
people161, 617). Large observational studies have shown 
that reducing the number of cigarettes smoked does 
not reduce the risk of cerebral and cardiovascular 
disease, and that once ex-smokers resume smoking, 
the risk increases again618). Reducing the number of 
cigarettes smoked or switching to low-nicotine, low-
tar cigarettes will not reduce risk. Therefore, cessation 
of smoking is essential for primary and secondary 
prevention of ASCVD and should be recommended 
to all smokers, regardless of age. Passive smoking has 
also been shown to increase the risk of CAD and 
stroke170, 171). Meta-analysis has shown that the 
implementation of passive smoking prevention laws 
overseas, which prohibit smoking in all indoor areas 
including restaurants, etc., reduces ACS and 
strokes619). Therefore, it is also important to instruct 
people to avoid passive smoking.

The first step is to check all patients for smoking 
history and passive smoking284). Encourage smokers to 
quit smoking and motivate those who do not wish to 
do so immediately. It is known that when physicians 
give their patients smoking cessation advice, the 
cessation rate increases significantly by 1.7 times 
compared to when they do not620). The essence of 

smoking is nicotine addiction. Therefore, when 
quitting smoking, as with other drug dependence, 
there is often the onset of withdrawal symptoms, 
making it difficult to quit smoking. In addition to 
counseling, the use of smoking cessation aids (nicotine 
patch, nicotine gum (OTC drug), varenicline) 
effective against nicotine dependence increases the 
success rate of smoking cessation621,622). In Japan, 
smoking cessation treatment for 12 weeks is covered 
by insurance if both the medical facility and the 
patient meet certain requirements623). New types of 
cigarettes are spreading (see Chapter 2, Table 2, 
“Classification of New Types of Cigarettes”). Of these, 
smoking cessation of heated cigarettes is also covered 
by smoking cessation insurance treatment. The 
prescription of an application for smoking cessation 
that can be downloaded to a smartphone and an 
exhaled carbon monoxide analyzer as an add-on to 
varenicline has been shown to increase the success rate 
of smoking cessation624) and has been covered by 
insurance since December 2020. The electronic 
cigarettes marketed in Japan do not contain nicotine 
and do not increase the success rate of smoking 
cessation625). 

A recent meta-analysis showed a weight gain of 
4-5 kg after 1 year of smoking cessation, with most of 
the gain occurring within the first 3 months of 
smoking cessation626). Although blood glucose and 
lipid levels may worsen during this period, it has been 
reported that insulin resistance improves172), HDL-C 
increases627), and oxidized LDL complexes decrease628), 
despite weight gain. Although weight gain can prevent 
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2.2 Drinking

• Avoid heavy drinking to prevent ASCVD.

• Check the drinking status of the drinker.

Therefore, the long-term benefits of smoking cessation 
are clear, and it is necessary to educate people about 
the benefits of smoking cessation, encourage smoking 
cessation, and support people to continue to do so.

initiation of smoking cessation and cause smoking 
again, two to four years of smoking cessation has been 
shown to outweigh the disadvantages of weight gain 
and reduce the risk of cardiovascular disease629). 

Heavy drinkers can be instructed to abstain from 
or reduce alcohol consumption, even with high 
HDL-C levels. It is important that drinkers reduce 
their frequency of drinking and alcohol intake more 
for primary and secondary ASCVD. There is no need 
to encourage nondrinkers to drink. 

It is important to determine the actual drinking 
status of the drinker, including the amount of alcohol 
consumed per occasion, whether the drinker has 
giving liver break days, heavy drinking, and frequency 
of drinking occasions. To begin with, all patients 
should be asked to identify their frequency and 
amount of alcohol consumption. The Alcohol Use 
Disorders Identification Test (AUDIT) (Fig. 5) is a 
screening test for problem drinkers developed by 
WHO630) and used as a tool for early detection and 
intervention of drinking problems in many 

countries631). In Japan, it was translated more than 20 
years ago and has been used in the field of medicine 
and health guidance. AUDIT consists of a total of 10 
questions, and the total score for each item (up to 40 
points) can be used to determine the degree of 
drinking problem. Another feature of AUDIT is the 
use of the “drink” unit to calculate the amount of 
alcohol consumed, which is 10 g of pure alcohol 
equivalent (Table 7). AUDIT classification points can 
also be determined according to the characteristics and 
objectives of group632). The “Standard Health 
Examination and Health Guidance Program (Revised 
Edition)” used for specific health guidance633) defines 
problem drinkers with an AUDIT score of 8 to 14, 
while the “HAPPY Program”, a typical Japanese 
method of alcohol reduction guidance developed by 
the Hizen Psychiatric Center634), defines problem 

1. How often do you drink alcohol-containing beverages? 
0. Do not drink

2. When you drink, how much of the pure alcohol equivalent do you typically drink?  
0. 1-2 drinks (10-20g) 4. 10 or more drinks (100g or more) 

3. How often do you drink more than 6 drinks at a time? 

4. In the past year, how often did you have trouble stopping once you started drinking? 

5. In the past year, how often have you been unable to do something that you would normally do because you had been drinking? 

6. In the past year, how often have you had to have a morning hair of the dog after a heavy drink to get in shape? 

7. In the past year, how often have you felt guilty or remorseful after drinking alcohol? 

8. In the past year, how often have you been unable to recall the events of the previous night because of alcohol consumption?
0. No   2. Once a month

9. Have you ever injured yourself or caused injury to someone else because of your drinking?

10. Has an immediate or extended family member, friend, doctor, or other health care provider ever worried about your drinking or encouraged you to   
reduce your alcohol consumption?

0. No   4. Yes, in the past year

Reprinted from WHO, The Alcohol Use Disorders Identification Test. Guidelines for Use in Primary Care, Second Edition, 
https://iris.who.int/bitstream/handle/10665/67205/WHO_MSD_MSB_01.6a-eng.pdf?sequence=1

1. Yes, but not in the past year

0. No   4. Yes, in the past year1. Yes, but not in the past year

4. Every day or almost every day3. Once  a week1. Less than once a month

0. No   2. Once a month 4. Every day or almost every day3. Once  a week1. Less than once a month

0. No   2. Once a month 4. Every day or almost every day3. Once  a week1. Less than once a month

0. No   2. Once a month 4. Every day or almost every day3. Once  a week1. Less than once a month

0. No   2. Once a month 4. Every day or almost every day3. Once  a week1. Less than once a month

0. No   2. Once a month 4. Every day or almost every day3. Once  a week1. Less than once a month

3. 7-9 drinks (70-90g)2. 5-6 drinks (50-60g)1. 3-4 drinks (30-40g)

4. More than 4 times a week3. 2 to 3 times a week2. 2 to 4 times a month1. Less than once a month

Fig. 5. The Alcohol Use Disorders Identification Test (AUDIT)



692

JAS Guideline 2022

Weight reduction by diet and exercise therapy is 
expected to provide relatively rapid improvement in 
moderate abnormalities of plasma lipids, glucose and 
blood pressure caused by obesity, even if the BMI is 
within the range of obesity640).

Even if medications are needed to treat coexisting 
diabetes, dyslipidemia, and hypertension, it is 
necessary that both medical staffs and patients realize 
the risk reduction through measuring body weight 
and assessing waist circumference. Recently, the 
effectiveness of specific health checkups based on the 
concept of metabolic syndrome has been successively 
reported641, 642). 

Accordingly, it is important to achieve ≥ 3% 
reduction body weight or waist circumference over 3 - 
6 months and to review the patient’s accomplishments 
over time 583,589, 643).

To achieve and maintain an ideal body weight 
and optimal waist circumference are important targets 
for lifestyle modification. Visceral fat accumulation is 
an independent risk factor for atherosclerosis, and the 
importance of measuring waist circumference is 
recognized worldwide572, 573). Obesity and metabolic 
syndrome promote atherosclerosis directly or 
indirectly via dyslipidemia, impaired glucose tolerance, 
hypertension and the dysregulated production of 
adipocytokines635-638). Therefore, it is important to 
achieve lifestyle modification through dietary 
management and exercise.

Treatment of Obesity and Metabolic Syndrome
The target body weight in the treatment of obese 

patients should not immediately be set as a BMI of ＜25. 
Rapid weight loss resulting from extensive calorie 
restriction may lead to rapid rebound weight gain639). 

2. 3 Management of Obesity and Metabolic Syndrome

For the management of obesity and metabolic syndrome, lifestyle modification is essential for 
the reduction of body weight and visceral fat.

drinkers without lifestyle-related diseases with an 
AUDIT score of 10 to 19 as those who need guidance 
on reducing alcohol consumption. Those with a score 

higher than the above are considered to have suspected 
addiction and are used as a guide for consultation at a 
medical institution specializing in addiction.

Table 7. Equivalences between different alcoholic beverages, amount of alcohol and number of drinks

Number of Drinks Beer Equivalent (ml)

Beer 1 glass 0.7 180

Medium bottle 2.0 500

Large bottle 2.5 633

Regular can 1.4 350

Long can 2.0 500

Medium beer mug 1.3 320

Sake (15%) 180 ml 2.2 540

30 ml 0.4 90

Shochu (20%) 180 ml 2.9 720

Shochu (25%) 180 ml 3.6 900

Wine (12%) Wine glass (120 ml) 1.2 288

Half bottle (375 ml) 3.6 900

Full bottle (750 ml) 7.2 1,800

Whisky (40%) Single watered (30 ml with original) Double 1.0 240

watered (60 ml of the original) 2.0 480

1 bottle (720 ml) 23.0 5,760

Umeshu (13%) 180 ml 1.9 486

30 ml 0.3 78

1 drink = 10g of pure alcohol
Reprinted in translation from National Hospital Organization Kurihama Medical Center HP https://kurihama.hosp.go.jp/hospital/screening/pdf/
drink_img.pdf
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increases in HDL-C among those without abnormal 
glucose metabolism651). In a report from Japan, the 
rate of decrease in LDL-C, TG, blood pressure, items 
related to blood glucose and uric acid and the rate of 
increase in HDL-C were significantly greater in obese 
persons with a weight loss rate of 3% or more after 
one year of active support for lifestyle guidance 
through specific health guidance583, 652). Therefore, 
lifestyle modification, including weight loss, is 
effective in improving risk factors, including serum 
lipids, and may reduce the incidence of ASCVD. 

Although there is no clear evidence to set total 
energy intake to improve serum lipids, the target 
weight is calculated from the following formula, 
taking into account that the BMI with the lowest total 
mortality varies with age and has a certain range653) 
and the definition of obesity583). 18 to 49 years: 
[height (m)]2 x 18.5 to 24.9 kg/m2, 50 to 64 years: 
[height (m)] 2 x 20.0 to 24.9 kg/m2, 65 to 74 years: 
[height (m)] 2 x 21.5 to 24.9 kg/m2, 75 years and 
older: [height (m)] 2 x 21.5 to 24.9 kg/m2. Optimize 
total energy intake based on target body weight and 
daily activity. Total energy intake (kcal/day)=target 
body weight (kg) x physical activity (25-30 for light 
exertion, 30-35 for normal exertion, 35- for heavy 
exertion583, 654). In older people, the decision should be 
made based on the assessment of current weight, 
frailty (see Chapter 7, 2. “Frailty and sarcopenia”),  
decline in (basic) ADL, comorbidities, body 
composition, reduction in height and feeding and 
metabolic status 653, 654).

In overweight or obese individuals, there is no 
direct evidence that reducing total energy intake alone 
reduces the incidence of ASCVD. However, cohort 
studies and their meta-analyses have shown that 
overweight or obese individuals with metabolic 
abnormalities, such as lipid abnormalities, as well as 
obese individuals without metabolic abnormalities, are 
at high risk of ASCVD incidence644-647). In a Japanese 
cohort study, those with a BMI of 27.0 kg/m2 or 
higher had a higher risk of death from CAD than 
those with a BMI of 23.0-24.9 kg/m2, while those 
with a BMI of less than 18.5 kg/m2 had a higher risk 
of death from total stroke and intracerebral 
hemorrhage than those with a BMI of 23.0-24.9 kg/
m2, in men, and women were at higher risk of death 
from CAD, total stroke, ischemic stroke, and 
intracerebral hemorrhage648). In the UK cohort study 
mentioned above, the risk of developing CAD was 
also higher among those with a BMI of less than 18.5 
kg/m2 who had one or more metabolic disorders 
(diabetes, hypertension, lipid abnormalities), and the 
risk of developing cerebrovascular disease was higher 
whether they had metabolic disorders or not644). In a 
cohort study (including Asians) of non-smokers 
without chronic disease, the lowest risk of total 
mortality was at a BMI of 20.0-25.0 kg/m2 649). 

A meta-analysis of RCTs with weight loss 
interventions found a significantly reduced risk of 
total mortality among those assigned to the 
intervention group650), and a meta-analysis of RCTs 
with physical activity and diet interventions found 
decreases in blood pressure, TC, LDL-C and TG and 

2.4 Diet Therapy

[Total Energy]

FQ1.  Is limiting total energy intake and maintaining an appropriate body weight effective in 
preventing ASCVD?

• In obese individuals, weight loss by limiting total energy intake and maintaining an 
appropriate body weight is recommended because serum lipids improve. (Level of evidence: 
1, Recommendation level: A)

• In obese individuals, weight loss by limiting total energy intake and improving metabolic 
abnormalities, including serum lipid abnormalities, is recommended because it may prevent the 
incidence of ASCVD. (Level of evidence: Consensus, Level of recommendation: A)

[Fat Energy Ratio]

FQ2.  For the prevention of ASCVD incidence, is it recommended to maintain an adequate 
fat energy ratio for the Japanese under an appropriate total energy intake?

• It is recommended to restrict fat-energy ratios with appropriate total energy intake for the 
purpose of lowering LDL cholesterol. (Level of evidence: 1, Level of recommendation: 
A)
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cerebral disease mortality, while animal protein intake 
was not significantly associated. Using the substitution 
analysis method, a 34% reduction in the risk of all-
cause mortality and a 42% reduction in the risk of 
cardiovascular disease mortality was found by 
replacing 3% of total energy from animal meat protein 
(poultry, fish, and other than processed meat) with 
vegetable protein, and a 46% reduction in risk of all-
cause mortality by replacing processed meat with 
vegetable protein. Furthermore, replacing 3% of total 
energy from animal meat protein with fish protein was 
found to reduce the risk of total mortality by 25% and 
cardiovascular disease mortality by 33%, and replacing 
3% of total energy from processed meat with fish 
protein reduced the risk of total mortality by 39%659).

Furthermore, a meta-analysis of RCTs using a 
low-fat, high-protein diet with an intervention period 
of 12 months or more showed no significant 
differences in body weight, serum lipids, or blood 
glucose levels, although improvements in fasting blood 
insulin levels were expected compared to a low-fat, 
low-protein diet660). 

Considering the current situation in Japan and 
its relationship to each state of the disease, it is 
consistent with the conventionally recommended fat 
energy ratio of 20-25% and carbohydrates of 50-60% 
with an appropriate total energy intake. In particular, 
limiting the fat energy ratio is effective in lowering 
hyper-LDL cholesterolemia, and a slightly lower 
carbohydrate energy ratio is recommended within the 
50-60% setting in hypertriglyceridemia and hypo-
HDL cholesterolemia, taking into account 
complications such as obesity, diabetes, and 
hypertension. While considering the sources of 
protein intake, excessive consumption of meat and 
processed meats should be avoided, and fish and 
vegetable fats should be consumed.

*Because many studies in the West consider a 
low-fat diet to be one with less than 25% or 30% fat, 
the low-fat diet described here is defined as a dietary 
pattern with a fat energy ratio of less than 30% of 
total energy intake. It should be noted that this diet 
differs from the recommended 20-25% fat energy 
ratio in Japan and from the fat-restricted diet for 
hyperchylomicronemia.

To date, there is no direct evidence that different 
fat-energy ratios have an inhibitory effect on the 
incidence of ASCVD. However, in terms of the energy 
intake ratio of protein, fat and carbohydrates, a meta-
analysis of cohort studies found that a carbohydrate 
energy ratio of 50-55% had the lowest risk of total 
mortality, low or high carbohydrate diets increased 
total mortality risk, and even low carbohydrate diets 
with high animal fat intake increased total mortality 
risk, while high vegetable fat intake decreases total 
mortality risk655).

For serum lipids, many comparative studies have 
been conducted in which the effect of weight loss was 
examined as the primary endpoint and cardiovascular 
disease risk items, including blood lipid levels as 
secondary endpoints in obese subjects with a BMI of 
25 kg/m2 or greater, under restriction of total energy 
intake, with different fat energy ratios [especially low-
fat diet intervention and low-carbohydrate diet 
intervention]. A meta-analysis of RCTs comparing 
low-carbohydrate and low-fat diets found that low-
carbohydrate diets significantly reduced weight loss 
and TG more than low-fat diets, while significantly 
increasing LDL-C and HDL-C656). A meta-analysis of 
RCTs comparing low-fat diets (＜30%E) with high-
fat diets (≥ 30%E) in obese subjects without metabolic 
abnormalities showed that the low-fat diet 
significantly decreased TC and LDL-C, increased TG, 
and decreased HDL-C657). 

Therefore, limiting the fat energy ratio under 
adequate total energy intake may reduce LDL-C and 
prevent ASCVD by improving these risk factors. A 
meta-analysis summarizing the RCTs of diets that 
modify or reduce lipid intake did not show a 
significant effect on the risk of total or cardiovascular 
mortality, but a 14% reduction in the risk of 
cardiovascular disease incidence658). However, in the 
same meta-analysis, reducing lipid intake alone did 
not significantly reduce these risks.

Many sources of animal or vegetable fat are also 
protein sources. The JPHC study, a cohort study in 
Japan, examined the association between animal and 
vegetable protein intake and the risk of cardiovascular 
disease and found that vegetable protein intake was 
associated with a lower risk of all-cause, cardiac, and 

• It is recommended to modify and restrict lipid intake for obese individuals in addition to 
weight loss under an appropriate total energy intake, as well as for non-obese individuals, as it 
improves serum lipids and may reduce the incidence of ASCVD. (Level of evidence: 
Consensus, Level of recommendation: A)
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and their meta-analyses, SFA intake was negatively 
associated with the risk of all stroke deaths, 
intracerebral hemorrhage death or incidence, ischemic 
stroke death or incidence, and positively associated 
with the risk of myocardial infarction678-680).

In terms of the relationship with serum lipids, 
NIPPON DATA90 showed a positive association 
between SFA intake and TC and LDL-C681). RCTs 
and meta-analyses of RCTs with restriction of SFA 
intake found that the intervention reduced TC and 
LDL-C, but the effects on HDL-C and TG were not 
significant670, 682-688). In the meta-analysis of the RCTs 
described above, the most significant association with 
reduced cardiovascular disease was a decrease in TC, 
which was strongly related to a decrease in SFA intake 
and more pronounced than the involvement of 
increased PUFA or MUFA intake670) (See FQ5 and 
FQ6 for the effect of replacing SFA with PUFA or 
MUFA). In the meat-serum lipid relationship, an 
RCT was conducted in which subjects assigned to the 
high-SFA or low SFA group were fed three diets of red 
meat (beef, pork, and lamb), white meat (chicken and 
other poultry) and non-meat protein for 4 weeks each, 
and serum lipids were compared during these periods. 
LDL-C was higher in red meat and white meat, and 
there was no difference between red and white meat. 
LDL-C was higher in the high SFA group than in the 
low SFA group regardless of these foods689). 
Furthermore, in a 12-week RCT in which beef 
containing the same amount of protein as plant-
derived protein was consumed, LDL-C and HDL-C 
increased significantly in the beef group, with changes 
in the SFA / fiber ratio contributing significantly to 
LDL-C and cholesterol/fiber to HDL-C690). Dairy 
products also contain high levels of SFA691, 692), and 
cohort studies and meta-analyses, as well as RCTs, 
have shown that dairy intake increases TC or LDL-
C683, 693-698). On the other hand, the consumption of 
low-fat milk, fat-free milk, or skimmed milk powder 
improved serum lipids699-701). Based on the above, 

Cohort studies and their meta-analyses have 
reported both positive and negative findings that 
saturated fatty acid (SFA) intake is associated with 
total mortality and cardiovascular disease mortality 
and incidence661-669). However, a meta-analysis of 
RCTs with SFA intake restriction for more than 2 
years of intervention did not show a significant 
reduction in the risk of total mortality and 
cardiovascular disease mortality, but a 17% reduction 
in the risk of cardiovascular disease incidence670). 
Replacement of SFA with polyunsaturated fatty acids 
(PUFA) reduced the risk of cardiovascular disease 
incidence by 21%, while the effect of replacement 
with monounsaturated fatty acids (MUFA) was 
unclear670). Other meta-analysis of RCTs have also 
found a reduction in CAD events by replacing SFA 
with PUFA671). The effect of replacing SFA with 
protein is unclear670). 

For meat, the most common source of SFA 
intake among Japanese, a meta-analysis of cohort 
studies showed that the total mortality risk increased 
almost linearly with increasing intake of animal meat 
and processed meat672). The high-intake group of 
animal and processed meat also showed a non-linear 
but volume-dependent increase in the risk of CAD, 
stroke, and heart failure compared to the low-intake 
group673). Although consumption of up to 100 g/day 
of animal, poultry, and processed meat was not 
associated with death from ischemic heart disease, 
stroke death, or all cardiovascular disease death in the 
Japanese population674), in a cohort study of diabetic 
patients, the risk of cardiovascular disease incidence 
was approximately three times higher in the group 
that consumed more than 20 g/day of animal, poultry, 
and processed meat than in the group that consumed 
less than 20 g/day675).

In an analysis with stroke, the low intake of 
animal fat and animal protein increased the risk of 
intracerebral hemorrhage in cohort studies of US 
women and Japanese676, 677). In Japanese cohort studies 

[Fatty Acids: Saturated Fatty Acids]

FQ3.  For the prevention of ASCVD incidence, is it recommended to reduce saturated fatty acids 
or replace saturated fatty acid intake with other unsaturated fatty acids (monounsaturated 
and polyunsaturated fatty acids) with an appropriate total energy intake?

• Reducing saturated fatty acids or replacing saturated fatty acids with polyunsaturated fatty 
acids with adequate total energy intake is effective in improving serum lipids and is 
recommended for preventing the incidence of CAD incidence. (Level of evidence: 1+, Level 
of recommendation: A)

• Under appropriate total energy intake, replacement of saturated fatty acids with 
monounsaturated fatty acids is recommended to improve serum lipids. (Level of evidence: 1, 
Level of recommendation: A)
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hemorrhage676-680). Although there is insufficient 
evidence to establish an appropriate intake of SFA, less 
than 7% of total energy intake, the conventional 
recommended intake for patients with dyslipidemia, is 
considered reasonable considering the current average 
intake of the Japanese population.

reducing SFA or replacing SFA with PUFA in an 
appropriate total energy intake is effective in 
improving serum lipids and can be recommended for 
the prevention of the incidence of CAD. Replacement 
of SFA with MUFA can also improve serum lipids. 
On the other hand, extreme restriction of SFA intake 
may be associated with the incidence of intracerebral 

[Fatty Acids: n-3 Polyunsaturated Fatty Acids]

FQ4.  For the prevention of ASCVD incidence, is it recommended to increase the intake of 
n-3 polyunsaturated fatty acids?

• It is recommended to increase fish oil intake among n-3 polyunsaturated fatty acids in order to 
reduce triglycerides. (Level of evidence: 1 +, Level of recommendation: A)

• It is suggested to increase the intake of fish oil in the diet, since it is expected to reduce the 
incidence of CAD (Level of evidence: 2, Level of recommendation: B)

RCTs of instructional interventions of fish 
cooking are scarce, but there is such a report of 
intervention in patients with secondary prevention of 
myocardial infarction702). Although there was a 
reduction in all-cause mortality at 2 years in the group 
that received the instruction compared to the group 
that did not, there were no significant difference in 
reinfarction or death from ischemia, and similar 
results were not seen in later intervention trials in 
patients with angina pectoris702, 703). Dietary patterns 
with high fish intake (Japanese diet, Mediterranean 
diet) are discussed below. Meta-analyses of RCTs of 
fish oil preparations (eg capsules) that have since been 
conducted have shown no reduction in total mortality 
risk with n-3 polyunsaturated fatty acid (n-3PUFA) 
(fish oil, alpha linolenic acid) intake interventions 
(both high and low doses) 704-706) and controversial 
results in cardiovascular disease death, cardiovascular 
disease incidence, and risk of CAD incidence704-708). 
Even the significant reduction in risk of CAD 
incidence shown in several reports was 5-9%706, 708). 
However, a significant inhibition of the incidence of 
CAD was observed in the high-risk group with 
hypertriglyceridemia or hyper-LDL cholesterolemia709).

Although the effectiveness of fish intake in the 
incidence of cardiovascular disease has not been 
consistent in Western cohort studies710-718), 
eicosapentaenoic acid (EPA) plus docosahexaenoic 
acid (DHA) was found to reduce the risk of total 
mortality and cardiovascular disease mortality in the 
United States668, 719), a reduction in the risk of 
cardiovascular disease mortality in Singapore720), and 
EPA intake was found to reduce the risk of ischemic 

stroke in Denmark721). In the JPHC study, a cohort 
study of Japanese, the risk of incidence of nonfatal 
CAD was lower in the group with high fish and 
n-3PUFA intake722). In the JACC study and NIPPON 
DATA80, the risk of cardiovascular disease mortality 
was reduced in the group with high fish and n-3PUFA 
intake723, 724). A meta-analysis of cohort studies found 
a decreased risk of incidence of CAD and a decreased 
risk of stroke725). Therefore, higher consumption of 
fish containing EPA and DHA may be expected to 
reduce the incidence of CAD. 

Although we did not find any RCTs that 
examined the effects of an instructional intervention 
of fish cooking on serum lipids, a meta-analysis of 
RCTs in which fish oil was consumed in healthy and 
dyslipidemic subjects showed a decrease in TG in the 
fish oil intake group706, 726-728) and a suppressive effect 
on the increase in postprandial TG level was obtained 
in RCTs729). Thus, increasing fish oil intake is effective 
in lowering TG730). In this article, we suggest 
increasing fish oil under an appropriate total energy 
intake. 

The association between alpha-linolenic acid 
intake and cardiovascular disease has not been 
consistent in cohort studies, with an increased risk of 
total mortality719), no association with ischemic stroke 
or peripheral arterial disease731, 732), or a decreased risk 
of cardiovascular death720). Meta-analysis of cohort 
studies showed a decreased risk of the incidence of 
composite CAD events and fatal CAD733). However, a 
meta-analysis of RCTs did not show an inhibitory 
effect on incidence705, 706). RCTs have also not shown 
an improvement in serum lipids734).
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cohort studies, the high linoleic acid intake group had 
a 15% lower risk of CAD events and a 21% lower risk 
of CAD death than the low intake group740). In 
summary, replacing SFA with n-6PUFA, especially 
linoleic acid, may prevent ASCVD, but the effect of 
increasing the intake of n-6PUFA is not yet clear.

The effect on serum lipids was demonstrated in 
an RCT in subjects at moderate risk of ASCVD, 
where the replacement of SFA at an energy intake 
ratio of 9.6%E with n-6PUFA significantly reduced 
TC and LDL-C684). In another RCT study, corn oil 
with n-6PUFA 19%E in dyslipidemic subjects 
decreased TC, LDL-C and TG compared to those 
receiving butter687). A meta-analysis of RCTs also 
showed a decrease in TC in the high n-6PUFA intake 
group739). In summary, increasing the intake of 
n-6PUFA without changing energy intake or replacing 
SFA with n-6PUFA is expected to improve serum 
lipids.

Many meta-analyses of RCTs relating the intake 
of n-6 polyunsaturated fatty acids (n-6PUFA) have 
already been reported. An analysis of the effect of 
replacing SFA with PUFA showed a significant 21% 
reduction in the risk of developing cardiovascular 
disease735) and a 10% reduction in the risk of 
developing CAD events when 5%E SFA was replaced 
with n-6PUFA671). However, in other RCTs, cohort 
studies, and meta-analyses, it was not associated with 
a reduction in the incidence of cardiovascular 
disease736-739). In a US cohort study of fatty acids, 
substitution analysis showed that substitution of 
carbohydrates with linoleic acid decreased the risk of 
total mortality and cardiovascular disease mortality, 
while substitution with arachidonic acid increased the 
risk668, 719), and replacement of 2% SFA with linoleic 
acid was associated with an 8% reduction in risk of 
total mortality and a 6% reduction in the risk of 
cardiovascular mortality719). In a meta-analysis of 

[Fatty Acids: n-6 Polyunsaturated Fatty Acids]

FQ5.  For the prevention of ASCVD incidence, is it recommended to increase the intake of 
n-6 polyunsaturated fatty acids?

• To improve serum lipids, it is recommended to increase the intake of n-6 polyunsaturated fatty 
acids or replace saturated fatty acids with n-6 polyunsaturated fatty acids in an appropriate 
total energy intake. (Level of evidence: 1, Level of recommendation: A)

• It is suggested to replace saturated fatty acids with n-6 polyunsaturated fatty acids, especially 
linoleic acid, under an appropriate total energy intake, as it is expected to prevent ASCVD. 
(Level of evidence: 2, Level of recommendation: B)

[Fatty Acids: Monounsaturated Fatty Acids]

FQ6.  For the prevention of ASCVD incidence, is it recommended to increase the intake of 
monounsaturated fatty acids?

• To improve serum lipids, it is recommended to increase the intake of monounsaturated fatty 
acid or replace saturated fatty acids with monounsaturated fatty acid in an appropriate total 
energy intake. (Level of evidence: 1, Level of recommendation: A)

• Although the preventive effect of increasing the intake of monounsaturated fatty acids on the 
incidence of ASCVD is not clear, it is suggested to replace saturated fatty acids with 
monounsaturated fatty acids from plant foods under an appropriate total energy intake for the 
prevention of ASCVD. (Level of evidence: 2, Level of recommendation: B)

Monounsaturated fatty acids (MUFAs) are found 
in many foods, including fats and oils, meat, 
confectionery, milk, fish, and eggs. In a meta-analysis 
of RCTs, replacing SFA with MUFA had no effect on 
the risk of total mortality, incidence of cardiovascular 
disease, incidence of myocardial infarction, incidence 
of stroke, or CAD mortality735). A meta-analysis using 
substitution analysis in a cohort study also found no 
significant association of SFA replacement with 

MUFA with the risk of developing cardiovascular 
disease or cardiovascular death663), but another meta-
analysis found that only increased olive oil intake was 
negatively associated with the risk of total mortality, 
cardiovascular death, cardiovascular disease incidence, 
and stroke741). A substitution analysis conducted in a 
U.S. cohort study found no significant association 
when carbohydrates were substituted for total MUFA 
intake, but an increased risk of total mortality when 
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decrease in TG and an increase in HDL-C when 
carbohydrates were replaced with MUFA, but the 
effect of lowering LDL-C was weaker than that of 
replacement with an equivalent amount of PUFA745). 
On the other hand, when MUFA was added (37.8%E) 
to the AHA STEP1 Diet (30.1%E fat energy ratio), 
there was no improvement in serum lipids746), and no 
significant differences were observed when comparing 
high SFA, high MUFA and high PUFA diets in 
healthy subjects around 38%E fat energy ratio747). 
Furthermore, MUFA intake above 12%E improved 
body weight, body fat mass, systolic and diastolic 
blood pressure, but did not have a significant effect on 
serum lipids compared to below 12%E748). In 
summary, increasing MUFA intake without changing 
energy intake has the potential to improve serum 
lipids, but excessive intake may eliminate this effect.

carbohydrates were substituted for MUFA derived 
from animal foods, and conversely a decreased risk 
when carbohydrates were substituted for MUFA 
derived from plant foods, and SFA replacement with 
MUFA from plant foods was associated with a 
decreased risk of total mortality and cardiovascular 
disease mortality719). Substitution analysis in another 
cohort study also found a reduction in the risk of 
CAD for MUFA from plant foods when substituted 
for SFA, refined grains, and trans fatty acids, but not 
for MUFA from animal foods742). Therefore, it is 
desirable to obtain MUFA from plant foods.

In RCTs that examined the effects on serum 
lipids, a high MUFA diet reduced TC, LDL-C, and 
HDL-C more than a high SFA diet in patients with 
dyslipidemia684,743,744). Meta-analysis showed a 
downward trend in TC and LDL-C, a significant 

[Fatty Acids: Trans Fatty Acids]

FQ7. For the prevention of ASCVD incidence, is it recommended to limit trans fatty acids?

• To improve serum lipids, it is recommended to replace trans fatty acids with monounsaturated 
or polyunsaturated fatty acids. (Level of evidence: 1, Level of recommendation: A)

• To prevent CAD, it is recommended to reduce the intake of trans fatty acids. (Level of 
evidence: 2, recommendation: A)

Trans fatty acids can be naturally occurring (e.g., 
in beef, lamb, milk, and dairy products) or formed 
during industrial processing (hydrogenation) and 
refining (deodorization or high-temperature 
treatment) of fats and oils. Hydrogenated products 
include hard margarines, fat spreads, shortenings, and 
fried foods and confectionery made with these 
products. It is also found in salad oil, which is a 
refined vegetable oil. Although there is no consensus 
on whether naturally occurring trans fatty acids should 
be treated similarly to industrially produced ones669,749-

752), trans fatty acid intake was associated with an 
increased risk of total and cardiovascular mortality in 
US cohort studies668, 719). In Japanese, a cross-sectional 
study found that blood levels of elaidic acid, an 
industrially derived trans fatty acid, were higher in 
patients with metabolic syndrome and in young 
patients with CAD753). In Japanese patients with 
CAD, blood levels of elaidic acid were an independent 
risk factor for the appearance of unstable plaques754). 
Furthermore, in the Hisayama study, blood levels of 
elaidic acid were associated with the incidence of total 
dementia755). Therefore, cohorts and their meta-
analyses have shown an increased risk of CAD and 
dementia661, 669, 756-759), but no significant relationship 
has been found for ischemic stroke669).

Trans fatty acids increase LDL-C749, 756, 760-762), 

increase Lp(a) 760, 763, 764), and decrease HDL-C749, 750, 

763), but there is no consistent view on the variation of 
TG761-763). However, a meta-analysis of RCTs in which 
vegetable oils containing trans fatty acids were 
replaced with other fats and oils showed a significant 
decrease in TC, LDL-C, and TG and an increase in 
HDL-C when MUFA or PUFA was substituted759). In 
a meta-analysis of cohort studies reported in the same 
article, substitution analysis showed a reduction in the 
risk of CAD calculated when trans fatty acids were 
replaced with SFA, MUFA, or PUFA759). In contrast, 
in a crossover intervention study in which stearic acid 
was replaced by vaccenic acid (which is abundant in 
naturally occurring products) or elaidic acid by 
approximately 3% each for 24 days, both increased 
TC and LDL-C compared to the control group, with 
vaccenic acid increasing TC, LDL-C and Lp(a) than 
elaidic acid765). The average intake of trans fatty acids 
by Japanese people is 0.92-0.96 g per person per day, 
or 0.44-0.47% of the total energy intake766), which is 
below the WHO target (＜1% of the total energy 
intake) 767, 768). However, if the diet is unbalanced, 
such as eating too many fatty sweets, it should be 
noticed that the intake may be higher than the 
average. Therefore, it is recommended to reduce the 
intake of trans fatty acids for the prevention of CAD.
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cholesterol intake increased LDL-C782).
The effect of cholesterol intake on serum lipids is 

complex and varies between individuals (hyper-
responder, hypo-responder)783, 784) because foods 
containing cholesterol often also contain SFA, the 
absorption rate of cholesterol varies greatly between 
individuals, and cholesterol is synthesized throughout 
the body, with the liver regulating approximately 70% 
of serum lipoproteins while synthesis in the liver is only 
10%. This has also been observed in intervention 
studies775, 785-789). For example, chicken eggs are a rich in 
cholesterol, but the relationship between chicken egg 
intake and serum lipids has not been constant in RCTs 
of healthy subjects or dyslipidemic patients786-788, 790-799). 
However, the meta-analysis shows that TC, LDL-C, 
and HDL-C increase with egg yolk intake800). In a 
meta-analysis of hyper and hypo-responder groups, 
chicken egg consumption significantly increased 
LDL-C in the hyper-responder group, but not in the 
hypo-responder group801). When limited to diabetic 
patients, cohort studies and their meta-analyses have 
shown an increased incidence of cardiovascular disease, 
especially the onset or death of CAD, in groups with 
high chicken egg intake802-805). It should be noted that 
the average daily intake for Japanese people (according 
to National Health and Nutrition Examination Survey 
in 2019, more than 20 years old) is 366 mg for men 
and 317 mg for women, which is higher than the 340 
mg for men and 290 mg for women (described in the 
previous guideline according to National Health and 
Nutrition Examination Survey in 2015). On the basis 
of the above, it is recommended that patients with 
hyper-LDL cholesterolemia should have less than 200 
mg/day of cholesterol and less than 7%E of saturated 
fatty acids to lower LDL-C. Then, the improvement of 
serum lipids may prevent the development of ASCVD. 
The Dietary Reference Intakes for Japanese (2020 
edition) also states that they should be kept below 200 
mg/day from the point of view of preventing the 
severity of dyslipidemia653). It is clear that LDL-C 
increases with increased cholesterol intake even in those 
who do not present hyper-LDL cholesterolemia, and 
although sufficient scientific evidence has not been 
obtained, it is desirable to keep LDL-C level low from 
the perspective of preventing ASCVD.

In cohort studies in the late 1900s, such as the 
Framingham Study and the Seven Countries Study, the 
association between cholesterol intake and the risk of 
incident CAD or total mortality was not constant 661, 769-771). 
However, recently, a pooled analysis of U.S. cohort 
studies found that increased cholesterol or chicken egg 
intake was associated with an increased risk of 
developing cardiovascular disease and total mortality 
in a dose-dependent manner772). A meta-analysis of 
other major studies also reported a significant dose-
dependent association between chicken egg intake and 
the development of cardiovascular disease773). 

Regarding serum lipids, the Framingham study 
found significant positive associations between TC or 
LDL-C and SFA intake in women, but not with 
cholesterol intake774). However, in an RCT comparing 
a high cholesterol diet (600 mg/day) with a low 
cholesterol diet (200 mg/day), the high cholesterol 
diet significantly increased LDL-C compared to the 
low cholesterol diet775). Under similar conditions, the 
increase in LDL-C was greater with SFA than with 
PUFA776). In a meta-analysis of combined RCTs and 
non-RCTs, increased cholesterol intake increased TC, 
LDL-C, and HDL-C777). However, no further 
significant increase was observed above 900 mg/
day777). In this report, in a study with cholesterol 
intake below 200 mg/day as the control group, 
LDL-C was significantly increased in the group with 
higher cholesterol intake compared to the control 
group, while in a study with cholesterol intake higher 
than 200 mg/day as the control group, the increase in 
LDL-C in the group with higher cholesterol intake 
was not significant777).

Other RCTs with restriction of cholesterol intake 
showed a significant decrease in TC746) with the AHA 
Step 1 diet [fat energy ratio 30% (30%E), SFA 10%E, 
cholesterol ＜250 mg/day], significant reductions in 
TC, LDL-C and HDL-C in the AHA Step 1 diet with 
less than 300 mg cholesterol/day778, 779) and significant 
reductions in TC, LDL-C, and HDL-C780) with Step 
2 diet (fat ＜30%E, SFA ＜7%E, cholesterol ＜75 
mg/1,000 kcal/day, lifestyle improvement). Another 
RCT (SFA 8%E, cholesterol ＜200 mg/day) also 
showed a decrease in LDL-C781). A recent meta-
analysis of 55 RCTs also found that increased 

[Cholesterol]
 

FQ8. For the prevention of ASCVD incidence, is it recommended to limit cholesterol intake?

In patients with hyper-LDL cholesterolemia, restricting cholesterol intake to less than 200 mg / 
day lower LDL cholesterol and may prevent the development of atherosclerotic disease; 
therefore, restriction of cholesterol intake is recommended. (Level of evidence: 1, Level of 
recommendation: A)
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rice831) or with a decrease in cardiovascular disease 
mortality with higher intake in men832). There are no 
large-scale studies on the effects of brown rice on the 
incidence of ASCVD, and its effects on serum lipids 
have not been consistent833, 834). In potatoes, which are 
high in carbohydrates, potato consumption has not 
been associated with the incidence of cardiovascular 
disease risk835-837).

On the other hand, for serum lipids, the meta-
analysis of RCTs showed that TC and LDL-C were 
significantly lower in whole grains, while HDL-C and 
TG did not change significantly838), and the intake of 
barley-derived β -glucan was associated with a lower 
TC, LDL-C and non-HDL-C839). Oats and their 
epidermis have been shown to decrease TC and LDL-
C840, 841). Thus, the consumption of barley and oats, 
which are rich in soluble fiber, improves serum lipids. 
Buckwheat consumption was also associated with a 
lower blood glucose, TC, and TG in a meta-analysis 
of cohort studies842). Although the dietary glycemic 
index and glycemic load affect postprandial blood 
glucose levels, their effects on total mortality, 
incidence of cardiovascular disease, and their risk 
factors are not constant and clear results have not been 
obtained843).

Regarding vegetables and fruits, a meta-analysis 
of cohort studies, mainly in Europe and the US, 
found that the consumption of vegetables or fruits, or 
both together, dose-dependently reduced total 
mortality, cardiovascular disease mortality and the 
incidence of CAD, the incidence of stroke, or the risk 
of developing type 2 diabetes844-850). These effects are 
reported to level off or show a J curve at 
approximately 300 g to 800 g/day or 2-5 servings/day, 
so be careful not to overdose844, 846, 849, 850). Some 
Japanese cohort studies have also found similar 
results851, 852) and no association853). In addition to 
dietary fiber, the intake of fruits and vegetables can be 
expected to have an antihypertensive effect due to the 
high potassium content in these foods. A meta-
analysis suggests that potassium intake of 
approximately 4,500-6,500 mg/day is effective in 

Dietary fiber is obtained from foods such as 
vegetables, grains, seaweed, soybeans, mushrooms, and 
fruits, and is classified as soluble or insoluble. Its 
intake prolongs gastric retention time, promotes 
defecation, inhibits cholesterol absorption, and 
promotes bile acid synthesis806, 807). Although no RCTs 
have examined the association of interventions in 
dietary fiber intake with total mortality or 
cardiovascular disease, in the JACC study, a Japanese 
cohort study, soluble, insoluble, and total dietary fiber 
intake were all negatively associated with the risk of 
cardiovascular disease mortality in men and 
women808). In the JPHC study, total dietary fiber 
intake was negatively associated with the risk of 
cerebral infarction or intracerebral hemorrhage in 
women809). Meta-analysis of cohort studies, including 
overseas studies, has also shown a reduction in the risk 
of total mortality810-813), cardiovascular death811-814), 
cardiovascular disease incidence813, 815) CAD 
incidence813, 815), and stroke incidence813, 816-818). 
Therefore, diet fiber intake will prevent total 
mortality, cardiovascular disease, and stroke.

Regarding the effects on serum lipids, many 
meta-analyses of RCTs using total and soluble dietary 
fiber have reported reductions in TC813, 819-821), LDL-
C813, 819-823), and non-HDL-C822, 823), with no effects on 
HDL-C and TG819-821). Therefore, dietary fiber intake 
is effective in improving serum lipids. The most 
pronounced effects have been observed at 25-29 g/day 
in preventing the severity of lifestyle-related 
diseases653, 813). On the basis of the above, a daily 
intake of 25 g/day or more is generally recommended.

Regarding grains, whole grains have reduced the 
risk of all-cause mortality824-827), cardiovascular 
death824-827), incidence of CAD824, 828), and incidence of 
cardiovascular disease824, 829) in cohort studies and 
meta-analyses, including international ones. However, 
by grain, brown or white rice intake was not 
significantly associated with the incidence of 
cardiovascular disease in a pooled analysis of US 
cohort studies830). A Japanese cohort study found no 
association with cardiovascular disease mortality in 

[Dietary Fiber]

FQ9.  For the prevention of ASCVD incidence, is it recommended to increase dietary fiber 
intake?

• To improve serum lipids, it is recommended to increase dietary fiber intake. (Level of 
evidence: 1+, Level of recommendation: A)

• It is suggested to increase dietary fiber intake to reduce total mortality and prevent 
cardiovascular disease and stroke. Intake of whole grains, fruits and vegetables are also 
suggested to reduce total mortality and prevent cardiovascular disease. (Level of evidence: 2, 
recommendation: B)
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RCTs combining vegetables and fruits showed that 
TG was reduced by 3 servings/day or more867), but 
lipids did not improve in those with metabolic 
syndrome868), and other conclusions were inconsistent.

In conclusion, the consumption of fruits and 
vegetables is useful in preventing the incidence of 
ASCVD, but excessive consumption of fruits should 
be avoided due to the possibility of elevated TG and 
uric acid869). Furthermore, pickled vegetables should 
be noted for increased salt intake870, 871). Regarding 
fruits, it is recommended to consume fresh fruits 
because canned fruits have been reported to increase 
total mortality and cardiovascular disease mortality849, 872).

lowering blood pressure854). However, patients with 
renal dysfunction or those taking antihypertensive 
medications should consume them appropriately, 
taking care not to have hyperkalemia.

For serum lipids, neither vegetables nor fruits 
had an effect on LDL-C throughout the day, although 
breakfast vegetable intake lowered LDL-C in the EPIC 
study, a cohort study855). In Chinese postmenopausal 
women, there were fewer patients with high LDL-C 
in 4 servings/day or more of vegetables856). RCT 
studies using fruits and their components and their 
meta-analyses have found decreases in TC and LDL-C 
or increases in HDL-C857-864) and have not been 
constant with respect to TG857-866). A meta-analysis of 

[Processed Foods Containing Fructose]

FQ10.  For the prevention of the incidence of ASCVD, is it recommended to reduce the 
intake of processed foods containing fructose?

Excessive intake of processed foods containing fructose may increase the risk of ASCVD. Since a 
reduction in the intake of processed foods containing fructose is expected to lower triglycerides, 
it is recommended to reduce the intake of such foods. (Level of evidence: 2, Level of 
recommendation: A)

There is concern that high intake of processed 
foods containing fructose can increase the risk of 
CAD through excessive energy intake, obesity, elevated 
TG, exacerbated insulin resistance, and incidence of 
type 2 diabetes. Meta-analyses of cohort studies, 
mainly in Europe and the United States, have reported 
higher risk of total mortality, cardiovascular disease, 
CAD, stroke, weight gain, hypertension or type 2 
diabetes with higher sugar beverage intake, although 
results are not always consistent among studies873-880).

In terms of effects on serum lipids, a meta-
analysis (including RCTs and non-RCTs) of controlled 
feeding studies conducted overseas found that fructose 
had no effect on LDL-C, non-HDL-C HDL-C, or 
TG when compared to diets in which fructose was 
replaced with other carbohydrates of equal energy 
content, while an intervention trial in which fructose 
was added to a control diet (increasing total energy 
intake) increased TG881). An increase in postprandial 

TG has also been observed with additional intake882). 
However, analysis of doses including RCTs and non-
RCTs did not show a significant increase in fasting 
TG at less than 100 g/day of fructose and postprandial 
TG at less than 50 g/day883). A meta-analysis of RCTs 
in which glucose was replaced with isoenergetic 
fructose did not show a change in maximum 
postprandial TG and no significant effect on fasting 
TG884, 885). A meta-analysis of studies with processed 
products using fructose showed an increase in TG and 
a decrease in HDL-C, but no significant effects when 
some reports  were excluded due to high 
heterogeneity886).

These results are not consistent with the effects 
of the consumption of processed foods containing 
fructose, but their excessive intake may influence 
ASCVD, and a reduction in TG can be expected by 
reducing their intake.

[Japanese Dietary Pattern]

FQ11. Is Japanese dietary pattern recommended for the prevention of ASCVD?

A low sodium Japanese diet with a low intake of fatty meat, animal fat (beef fat, lard, butter), 
and processed meats, combined with soybeans, fish, vegetables, seaweed, mushrooms, fruits, and 
unrefined grains, is recommended because this diet can improve serum lipids and may prevent 
ASCVD. (Level of evidence: Consensus, Level of recommendation: A)
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recommended for hypertensive patients903). (* See 
“Other nutrients, other dietary patterns and their 
constituent foods”)

[Diet to Improve Risk Factors]

Dietary modification is the basis for treatment. It 
is important to assess and adjust the diet based on the 
Japanese diet with reduced salt according to the 
condition and lifestyle of the individual patient, and 
to evaluate the effects of the diet in a timely manner.

•Hyper-LDL Cholesterolemia and Diet
Manage total energy intake appropriately and 

reduce SFA, cholesterol, and trans fatty acids intake, 
which raise LDL-C. SFA should be replaced with 
MUFA or PUFA, SFA should be limited to less than 
7% of energy intake, and cholesterol intake should be 
limited to less than 200 mg per day. Consume fiber 
actively. Specifically, limit fatty meat and animal fat 
(beef tallow, lard, butter), processed meat products, 
dairy, organs, and eggs. In addition, vegetables, 
including green and yellow vegetables, and soybeans 
and soy products should be consumed.

•Hypertriglyceridemia and Diet
Consider the total energy intake to maintain or 

aim for an appropriate body weight. Keep 
carbohydrate energy ratios slightly lower in the 
50-60% setting and limit excessive alcohol intake. 
Excessive intake of fruits and processed foods 
containing fructose can increase TG. Increase 
n-3PUFA intake. Hyperchylomicronemia requires a 
more stringent lipid restriction. In other words, the fat 
energy ratio is limited to 15% or less, and medium-
chain fatty acids are mainly used904, 905). Combined 
exercise therapy is effective.

•Hypo-HDL Cholesterolemia and Diet
Consider the total energy intake to maintain or 

aim for an appropriate weight. Slightly lower 
carbohydrate to energy ratio and reduce trans fatty 
acids. Combined exercise therapy is effective.

•Metabolic Syndrome and Diet
Optimize total energy intake according to target 

body weight and daily activities to reduce visceral fat 
mass and improve qualitative abnormalities of 
adipocytes. Avoid rapid weight loss, with the goal of 
achieving at least a 3% reduction from current weight 
in 3 to 6 months. Carbohydrate energy should be 
taken 50-60% of total energy intake, be careful not to 
lack protein including essential amino acids for 
avoiding muscle mass reduction and consume more 

The daily meals are prepared from a combination 
of various foods. Therefore, for their effects on disease 
incidence and risk factors, it is useful to evaluate the 
combination of foods consumed (dietary pattern), in 
addition to individual nutrients887).

Epidemiological studies conducted in the 1960s 
and 1970s, including the Seven Countries Study, drew 
attention to the extremely low CAD mortality rate in 
Japan compared to Northern Europe and the United 
States, and to the characteristic of the Japanese, which 
are significantly low in meat, fats, oils and dairy 
products and high in rice, soybeans* and fish888). Until 
the 1960s, the Japanese diet was biased to grains in 
energy intake, and not only white rice but also barley 
and low-polished rice were consumed889). A domestic 
cohort study that began in the 1990s showed that 
cardiovascular disease mortality was lower in dietary 
patterns with a high contribution of soybeans*, fish, 
vegetables, seaweed *, mushrooms and fruits890-893) and 
that the risk of total mortality and CAD mortality was 
approximately 20% lower in Japanese diet-type dietary 
patterns with attention to salt reduction894). A recent 
cohort study of 92,969 subjects also showed that those 
with high rice, miso soup, seaweed*, pickles, green 
and yellow vegetables, fish, and green tea and low beef 
and pork intake had a 14% and 11% lower risk of 
total mortality and cardiovascular mortality, 
respectively. Among these, seaweed*, pickles, green 
and yellow vegetables, seafood, and green tea have 
been shown to be associated with reduced risk895). 
Using a similar approach, another cohort study of 
14,764 subjects found a 9% reduction in total 
mortality risk896). However, dietary patterns with a 
high contribution of meat, butter, and high-fat dairy 
products had a higher risk of cardiovascular disease 
mortality890). A meta-analysis of several cohort studies 
conducted in foreign countries reported that 
consumption of the major food groups comprising the 
Japanese diet is beneficial for the prevention of 
ASCVD and that consumption of unrefined cereals 
reduces the risk of CAD824). Thus, if the Japanese 
dietary pattern is to eat less fatty meat, animal fat (beef 
fat, lard, butter), and processed meat, and to include 
soybeans, fish, vegetables, seaweed, mushrooms, fruits, 
and cereals and unrefined grains, the Japanese dietary 
pattern improves lipid metabolism897-899) and may be 
useful in the prevention of ASCVD900). The Japan 
Atherosclerosis Society recommends “Thve Japan 
Diet” as an example of the Japanese dietary pattern901).

The high salt content of the Japanese diet has 
been an issue and the current salt intake of the 
Japanese population averages 10.0 g/day902). Excess 
salt intake increases blood pressure and promotes 
arteriosclerosis, so a goal of less than 6 g/day is 
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hemorrhagic stroke with the vitamin E intervention950, 951). 
Therefore, supplement use is not recommended 
considering its effectiveness and safety. In addition to 
the above, care should also be taken to ensure that 
other supplements are taken appropriately, as even 
excessive intake of vitamin A or β-carotene, for 
example, is generally not recommended due to health 
problems952).

• Algae, Soybeans, and Soy Products (Foods Comprising 
the Japanese Diet)

Seaweed and soybeans are often consumed in the 
Japanese diet. Japanese dietary pattern that include 
seaweed have been reported to reduce the risk of total 
mortality and incidence and death (see “FQ11. 
Japanese Dietary Patterns”)890-892, 895, 896). Among 
cohort studies of Japanese subjects, the JPHC study 
found that the group that consumed seaweed almost 
daily had a 24% reduced risk of ischemic heart disease 
incidence in men and a 44% reduction in women 
compared to the group that consumed little or no 
seaweed, while finding no association between seaweed 
intake and risk of stroke953). However, the JACC study 
found a significant reduction in the risk of 
cardiovascular disease mortality in women in the 
group that consumed almost daily compared to the 
group that did not consume at all, but there was no 
significant reduction in the risk of CAD mortality in 
either sex954). In the CIRCS, the high-take group 
showed a significant reduction in the risk of total 
stroke and ischemic stroke in men compared to the 
low-take group, but not in women, and there was no 
significant reduction in the risk of incidence of CAD 
in either sex955). Note that seaweeds contain high 
concentrations of iodine and some have high arsenic 
content, so care should be taken to avoid excessive 
intake. 

Meta-analyses of cohort studies in Japan and 
overseas have not yielded consistent results on the 
association between soy product intake and 
ASCVD903, 956, 957). However, Japanese cohort studies 
have reported a lower risk of stroke with a higher 
intake of soybeans and soy products958, 959). Meta-
analyses and systematic reviews of RCTs on ASCVD 
risk factors for soy, soy products, soy protein or 
isoflavones as foods have found a reduction in TC or 
LDL-C960-962), while others have not963, 964) Totally, 
consumption of soybeans and soy products may play a 
role in reducing CAD and stroke.

•Mediterranean Diet
The Lyon diet Heart Study, an RCT that 

examines secondary prevention of cardiovascular 
disease in a traditional Mediterranean diet rich in 

vitamins and minerals. The study leaves room for 
further consideration regarding carbohydrate intake 
for weight loss. Combined exercise therapy is effective 
for improvements in body weight and body fat, serum 
lipids, and blood pressure are observed.

•Hypertension and Diet 179)

Intensify salt reduction (less than 6 g / day) and 
consume more fruits and vegetables. Reduce the 
intake of saturated fatty acids and cholesterol and 
increase intake of polyunsaturated fatty acids and low-
fat dairy products. Maintain appropriate weight and 
exercise. Limit excessive alcohol consumption, as it 
increases blood pressure.

•Diabetes and Diet
The total energy intake should be established in 

accordance with body weight, but the target weight 
varies according to age and medical condition and 
should be individualized. The desired BMI ranges 
from 22 to 25 and should be modified accordingly 
based on pathology, age, body composition, patient 
adherence, and changes in metabolic status. The 
energy intake ratio should be 50-60%E for 
carbohydrates, 20%E or less for protein, and the 
remainder should be fats. If fats exceed 25%E, 
consideration should be given to the composition of 
fatty acids, such as increasing polyunsaturated fatty 
acids. The aim is to consume at least 25 g/day of 
dietary fiber. Consume three meals regularly, chewing 
them well, and taking the time to eat them.

Other Nutrients, Other Dietary Patterns, and their 
Constituent Foods
•Vitamins and ASCVD

Adequate intake of vitamins D906-919), E920-924), 
and C922-926) in the normal food intake range and 
maintaining adequate 25 (OH) vitamin D levels in 
the blood are desirable to reduce the risk of 
cardiovascular death or incidence and maintain 
adequate blood pressure. However, the effects of 
dietary supplements have been inconsistent, with 
some finding that they suppress or improve 
myocardial infarction, arterial stiffness, carotid 
atherosclerotic lesions, serum lipids and blood 
pressure927-933) and others without effect934-945). Rather, 
an increased risk of stroke has been reported when 
vitamin D is combined with calcium946), heart failure 
with vitamin E alone947), a significantly increased risk 
of cardiovascular death in postmenopausal patients 
with diabetes with vitamin C alone948), or an increased 
risk of total mortality in postmenopausal patients with 
CAD with vitamin E and vitamin C combined 
intervention949), or a significantly increased risk of 
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The DASH diet (rich in vegetables, fruits, whole 
grains and low-fat dairy products and reduced in red 
meat, eggs and salt) was found to reduce the risk of 
cardiovascular disease incidence973, 974) and death975), 
and stroke incidence973) in several cohort studies. 
Meta-analyses of cross-sectional studies and meta-
analyses of RCTs found a reduction in the risk of 
cardiovascular disease incidence976-978) and death979-982), 
as well as stroke incidence976) and death979, 980). 
Regarding risk factors, meta-analyses of cohort studies 
and meta-analyses of RCTs have reported a reduction 
effect on blood pressure976, 977, 983, 984), TC and LDL-
C976, 977, 984). In Japan, a small intervention study of a 
DASH diet tailored to the Japanese population 
reported reductions in serum lipids, BMI, systolic and 
diastolic blood pressure and fasting blood glucose985, 986), 
but nothing has been done to verify the actual 
incidence of ASCVD. However, it is helpful in 
recommending salt reduction and potassium, calcium, 
and magnesium intake.

• Nuts (Foods that Comprise the Mediterranean and 
DASH Diets)

Nuts are known as one of the important 
ingredients that make up the Mediterranean diet, the 
DASH diet and the vegetarian diet987), including 
almonds, hazelnuts, walnuts, pistachios, cashews, 
macadamia nuts, and peanuts. Many observational 
studies have reported a negative association between 
nut intake and cardiovascular disease risk988-996). A 
meta-analysis of cohort studies that observed the 
association between nuts and cardiovascular disease 
and CAD reported a 15%, 23%, 18% and 24% 
reduction in the risk of cardiovascular disease 
incidence and death, CAD incidence and death, 

agricultural products such as fruits, vegetables, whole 
grains, beans, nuts and seafood with lipid-lowering 
content (with a fat energy ratio of approximately 30% 
and a MUFA energy ratio of 11-13%), found a 
reduction in the incidence of heart disease death plus 
nonfatal myocardial infarction or a composite 
endpoint of cardiovascular disease965, 966). On the other 
hand, in an RCT (PREDIMED study) examining the 
primary prevention effect, only the Mediterranean 
diet (37% fat energy ratio, 19% MUFA) with nuts 
added (41% fat energy ratio, 22% MUFA) reduced 
the risk of stroke incidence compared to a control 
diet, while olive oil (42% fat energy ratio, 21% 
MUFA) or the diet added to nuts did not reduce the 
risk of myocardial infarction incidence967). A meta-
analysis of RCTs is not clear on the effect of the 
Mediterranean diet on CAD968, 969). This is presumably 
due to the diversity in the content of the 
Mediterranean diet, as well as the excessive lipid 
characteristics (especially MUFA) as described above. 
Regarding serum lipids, the Lyon Diet Heart study 
found no improvement, but another RCT970) and a 
cohort study971) reported a decrease in LDL-C. A 
study using the results of the 2012 National Health 
and Nutrition Survey in Japan (about 15,000 people) 
showed that TC and LDL-C were lower in those with 
higher Mediterranean diet scores in both men and 
women, and HDL-C was also lower in women972). 
Therefore, compared to the traditional Mediterranean 
diet, it has tended to be excessive in lipids (especially 
MUFA) in recent years and caution should be 
exercised in menu planning.

• DASH Diet (Dietary Approach to Stop Hypertension 
Diet)

Table 8. Dietary Therapy for Prevention of ASCVD

1.   Maintain appropriate weight by avoiding overeating.

• Total energy intake (kcal/day) is generally based on target body weight (kg)＊ x physical activity (25‐30 for light exertion, 30‐30 for 
normal 30‐35 exertion, 35‐ for heavy exertion).

2.   Do not consume large amounts of meat fat, animal fat, processed meats, or chicken eggs.

3.   Increase intake of fish and low‐fat dairy products

• Reduce the fat energy ratio to 20‐25%, the saturated fatty acid energy ratio to less than 7%, and cholesterol intake to less than 200 mg/
day

• Increase intake of n‐3 polyunsaturated fatty acids

• Avoid consumption of trans fatty acids

4.   Increase the intake of unrefined grains, vegetables including green and yellow vegetables, seaweed, soy and soy products, and nuts.

• Target carbohydrate energy ratio of 50‐60% and fiber intake of at least 25 g/day.

5.   Consume fruits with low sugar content appropriately and avoid large amounts of processed foods containing fructose.

6.   Limit alcohol to 25 g/day or less and avoid excessive consumption.

7.   Salt intake should be less than 6 g/day.

＊18 to 49 years: [height (m)]2 x 18.5 to 24.9 kg/m2, 50 to 64 years: [height (m)]2 x 20.0 to 24.9 kg/m2, 65 to 74 years: [height (m)]2 x 21.5 to 24.9 
kg/m2, and 75 years and older: [height (m)]2x 21.5 to 24.9 kg/m2 21.5 to 24.9 kg/m2
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HDL-C1000-1005). Therefore, the consumption of nuts 
may be useful in preventing the incidence of ASCVD, 
but the evidence in Japan is insufficient (Table 8).

respectively, in those who consumed nuts997). On the 
other hand, the association with stroke is not 
clear989-991, 993, 994, 997-999). Nut consumption has also 
been reported to reduce TC, LDL-C, or non-

2.5 Exercise Therapy

FQ12. Is aerobic exercise recommended for adults to improve serum lipids?

In adults, a total of at least 30 minutes of aerobic exercise per day is recommended at least 3 
times per week (daily if possible) or at least 150 minutes of moderate intensity aerobic exercise 
per week, because it improves serum lipids. (Level of evidence: 1, Recommendation level: 
A)

Systematic reviews and meta-analyses of RCTs 
have reported that aerobic exercise therapy improves 
serum lipids1006-1015). Many reports show that HDL-C 
increases significantly in the aerobic exercise therapy 
group (walking, brisk walking, aquatic walking 
exercise, and supervised or unsupervised training) 
compared to the nonexercise group1009-1016), and also 
significantly decreases TC1009, 1011, 1013, 1014), TC/HDL-
C1008, 1010),  LDL-C1008-1010, 1014),  TG1009, 1011, 1013).  A 
meta-analysis of 25 domestic and international RCTs 
comparing the effects of an exercise therapy group 
that performed at least 15 minutes of aerobic exercise 
for at least 8 weeks with a nonexercise group showed 
that HDL-C increased with exercise therapy, and the 
degree of increase was positively correlated with the 
duration of exercise, with HDL-C significantly 
increased with exercise length more than 120 minutes 
per week1012). A meta-analysis of four RCTs comparing 
the effects of moderate intensity aerobic exercise (3-5.9 
METs, where METs is a unit of activity intensity that 
indicates the number of times the resting metabolic 
rate) over a period of 10 weeks to 24 months in Japan 
with a nonexercised group also showed that exercise 
increased HDL-C1016). A recently reported meta-
analysis of 25 RCTs in healthy East Asian subjects also 
found that aerobic exercise decreased TC and TG and 
increased HDL-C1013). In addition to the above, 
LDL-C was also shown to be reduced only in studies 
in which exercise was performed for at least 150 
minutes per week1013). However, it should be noted 
that there is variation in subject characteristics such as 
age, exercise intensity, duration, and serum lipid levels 
before intervention, as well as significant bias1017). 
Aerobic exercise is highly effective, as RCTs have 
shown improvement in serum lipids and a correlation 
between this effect and the volume (duration) of 
exercise. However, unlike pharmacotherapy, exercise 
interventions are in principle impossible to double-
blind. Furthermore, since cholesterol is not used as an 
energy source, subjects assigned to exercise therapy 

can voluntarily improve other lifestyle behaviors 
(especially diet), which can contribute to the results. It 
should be noted that the improvement reported with 
exercise therapy generally tends to be overestimated.

In addition to improving serum lipids, aerobic 
exercise has been reported in meta-analyses to improve 
other cardiovascular disease risk factors, including 
blood pressure1018), and the effects are multifaceted. 
On the other hand, exercise therapy has the potential 
to cause musculoskeletal disorders1019) and the risk of 
sudden death or cardiovascular accidents in people 
with preexisting or high-risk cardiovascular disease. 
Exercise is also contraindicated in subjects with 
extreme high levels of blood pressure or blood glucose, 
and diabetic patients with severe retinopathy, so it 
may be necessary to check with the attending 
physician regarding the appropriateness of exercise 
therapy. Based on these considerations, the type and 
volume of exercise should be individually planned.

Tables 9 show the exercise therapy guidelines. 
Teach the patient to increase physical activity in daily 
life and incorporate exercise into daily life as 
appropriate for the individual. Specifically, brisk 
walking, slow jogging, cycling, dancing, and aquatic 
exercise are recommended as aerobic exercise. 
Moderate intensity of exercise (3-5.9 METs; 
equivalent to walking at normal speed or faster) is 
most appropriate in terms of effectiveness and safety. 
Moderate intensity is the degree of modest increase in 
blood pressure during exercise, which can be 
performed for long periods of time without strain and 
without accumulation of lactic acid in the blood. The 
goal is to perform moderate intensity or higher aerobic 
exercise (3 METs or higher) for a total of at least 30 
minutes per day, at least 3 times per week (daily if 
possible), or at least 150 minutes per week (Fig. 6, 7).
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Table 9. Guidelines for Exercise Therapy Borg Scale

Type Implement with an emphasis on aerobic exercises such as 
walking, brisk walking, swimming, aerobic dance, slow 
jogging, cycling, and bench-srepping

Intensity Aim for a moderate intensity＊ or above

Frequency and duration Aim to exercise for at least 30 min per day at least 3 days at 
a week

Others Walk or perform other, similar activities frequently and at 
times other than during exercise therapy and avoid a 
sedentary lifestyle as much as possible

＊Moderare intensity means as follows:
• An exercise intensity equivalent to walking at normal speed (= walking)
• In rerms of METs (a unit  that expresses the intensity of exercise as the equivalent  number 
of times the resting metabolism), it is typically 3 METs (walking) but it differs  according to 
individual physical fitness

• The perceived exertion during exercise corresponds to 11-13 on the Borg scale, i.e., fairly 
light to somewhat hard)

Scale Perceived

20

19 Very, very hard

18

17 Very hard

16

15 Hard

14

13 Somewhat hard

12

11 Fairly light

10

9 Very light

8

7 Very, very light

6

(Borg GA: Med Sci Spans Exerc. 1973; 5: 90-93)

1. Physical activity is defined as any bodily 
movement that results in energy expenditure 
beyond resting expenditure

2. Physical activities are classified into two 
categories: “activities of daily living,” such as 
physical labor, housework, and commuting to 
work/school in daily life, and “exercise” is a 
subset of physical activity that is planned, 
structured, and purposeful in the sense that 
improvement or maintenance of physical 
fitness is the objective.

3. Physical activities are classified according to 
intensity (i.e., physical activities of “moderate  
or higher intensity” and physical activities of  
“lower intensity”).

4. Although the term "exercise" is used in the 
Guidelines for Exercise Therapy, exercise 
therapy should not be limited to "exercise" in 
the narrow sense, but should include "physical 
activity" including "activities of daily living" 
according to the subject's needs.

Physical Activity 
Any bodily movement that results in energy 

expenditure beyond resting expenditure 

Exercise
Planned, structured, and 

purposeful in the sense that
improvement or maintenance of

physical fitness 

Moderate- or High-intensity Exercise 
Brisk walking, jogging, playing tennis, 

swimming, etc.

Low-Intensity Exercise 
Stretching, etc. 

Moderate- or High- intensity 
Activities of Daily Living 

Walking, floor cleaning, gardening, 
car washing, carrying bags, caregiving,

climbing stairs, playing with children, etc.

Low-Intensity Activities of Dally Living 
Standing, cooking, doing laundry, 

working in office, playing the piano, etc.

Moderate- or 
High- Intensity 

Low-Intensity 

Activities of Dairy Living 
Physical activities other 

than exercise

Fig.6. Exercise Guidelines for Health Promotion 2006

Translated and reprinted from Health Promotion Exercise Guidelines 2003, Ministry of Health, Labour and Welfare, Japan



707

   

but also to have the potential to bring various benefits 
to improve quality of life, such as improving blood 
glucose1024) in diabetic patients and in combination 
with aerobic exercise1025).

Resistance exercise programs vary widely among 
studies, and there are few guidelines describing how 
they should be performed, but training consists of 
performing approximately several exercises of 1-5 sets 
(about 3 sets on average) per event, with a rest period 
of 1-2 minutes, at 50-85% (about 70% on average) of 
the maximum weight (weight that can be performed 
once but not twice in a row), with an average of about 
12 repetitions per session, 2-3 times per week, 
continuously1026). The ICFSR has issued guidelines for 
exercise prescriptions for older adults1027).

In resistance exercise RCTs, meta-analysis has 
reported significant reductions in TC1015, 1020, 1021), TC/
HDL-C ratio1020), LDL-C1015, 1021), non-HDL-C1020), 
and TG1015, 1020, 1022), and significant increases in HDL-
C1015) compared to groups without exercise, but RCTs 
in Japanese patients are extremely rare. A meta-analysis 
of RCTs examining the effects of resistance exercise in 
people with metabolic syndrome found a significant 
reduction in systolic blood pressure, but no significant 
differences in serum lipids or fasting blood glucose1023). 
The improvements reported in serum lipids varied 
markedly in the studies and the effects were relatively 
small compared to pharmacotherapy. Therefore, the 
evidence is not sufficient for the effect of resistance 
exercise. Resistance exercise is recommended in cases 
where resistance exercise is not contraindicated, as it 
has been reported not only to improve muscle strength 

FQ 13. Is resistance exercise recommended for adults to improve serum lipids?

In adults, resistance exercise improves serum lipids and is suggested. (Level of evidence: 1, 
Level of recommendation: B)

Fig.7. Physical Activity Guidelines for Health Promotion 2013

Status on blood glucose/
pressure/lipids

Physical activity 
(activity of daily living/ exercise)

Exercise Physical fitness
(physical endurance)

Health 
checkup 
results are 
within the 
reference 
range

≥ 65 years Physical activity of any 
intensity for 40 min/day 
(10 METs·hour/week)

Increase even 
if slightly 
more than the 
current 
activity level 
(e.g., 
additional 10 
min of 
walking)

- Try to 
establish 
exercise habits 
(≥ 30 min for 
≥ 2 days/
week)

-

18-64 years Physical activity of ≥ 3 
METs intensiry3) for 60 
min/day 
(23 METs·hour/week)

Exercise of ≥ 3 METs 
intensity for 60 min/ 
week (4 METs·hour/
week)

Able to sustain exercise 
of intensity specified for 
sex/age range for 
approximately 3 min

＜18 years - - -

Blood glucose, blood pressure 
or lipids are at a level where 
health guidance is 
recommended.

Help the subject to assess his or her own physical condition before and during exercise; then, provide 
proactive exercise instructions as a part of health guidance if the subject is not visiting a medical institution 
and is confirmed to not have any risk according to “Screening sheet for physical activity risks.”

Those with multiple risks or 
requiring immediate medical 
consultation

Patients with lifestyle-related diseases should consu lt their primary physicians before commencing active 
exercise because safety considerations are particularly important.

Adapted/modified from: Ministry of Health, Labour and Welfare “Japanese official physical activity guidelines for health promotion 2013 (outline)”

1. "Japanese official physical activity guidelines for health promotion 2013" is the successor of "Exercise Guidelines for Health Promotion 
2006,"revised to serve as a tool to help achieve the goal of Health Japan 21 (the second term). 

2. "Physical activity" is defined as “all bodily movement that accompanies energy expenditure above resting energy expenditure” including both“ 
activities of daily living" and "exercise.“ 

3. Guidelines on "physical activity" now include the all‐generation direction of "+10 (add 10‐min of activity to the current life)" in addition to age‐
specific criteria. 

4. For exercise, performing "exercise" for . 30 min at least 2 days/week in addition to "activities of daily living" was also shown to be desirable for 
individuals other than those in the 18‐64 years age range. 

5. In the " Japanese official physical activity guidelines for health promotion 2013," messages are sent to those who are likely to be at risk in the 
future and those who are currently at risk. 

Translated and reprinted from Physical Activity Guidelines for Health Promotion 2003, Ministry of Health, Labour and Welfare, Japan
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and TG was slightly enhanced by combined diet/
exercise therapy compared to diet therapy. Dietary 
therapy is effective in lowering TC, LDL-C, and TG, 
but a greater effect can be expected with combined 
diet and exercise therapy. Exercise therapy is effective 
in lowering TG, but combined diet and exercise 
therapy can have a greater effect. However, there are 
no RCTs on Japanese subjects, and future validation is 
needed.

A meta-analysis of six RCT studies of diet, 
exercise, and a combination of both versus non-
intervention groups has been reported1028, 1029). After 
10-104 weeks of intervention, diet and combined diet 
and exercise significantly reduced TC, LDL-C, and 
TG1029), and combined therapy significantly reduced 
non-HDL-C1029) compared to the non-intervention 
group. The effect of exercise therapy was only seen in 
the reduction of TG1028). The reduction of TC, LDL-C 

FQ 14.  Is exercise therapy recommended in addition to the diet for adults to improve serum 
lipids?

In adults, a combination of exercise therapy in addition to diet is more likely to improve serum 
lipids and is suggested. (Level of evidence: 1, Level of recommendation: B)

BQ 17 Do aerobic exercise and physical activity reduce the incidence of ASCVD in adults?

In adults, aerobic exercise and increased physical activity can be expected to prevent ASCVD 
and are therefore recommended. (Level of evidence:1)

Numerous meta-analyses and systematic reviews 
of cohort studies have been reported evaluating the 
association between different amounts of physical 
activity, including aerobic exercise (e.g., walking) and 
activities of daily living, and the incidence of ASCVD 
and mortality from it have been reported1030-1048). 
Significantly less CAD disease1031, 1032, 1035, 1037-1039, 1043, 1044), 
s t r o k e 1030, 1031, 1039, 1043, 1044),  c a r d i o v a s c u l a r 
d i s e a s e 1031, 1033, 1039, 1040, 1043, 1045),  c a r d i o v a s c u l a r 
death1034, 1049) and total death1034, 1036, 1040-1042, 1046-1048) 
have been shown in the more physically active group 
compared to the less active group. Effects were also 
observed with low amounts1041-1044) and low 
intensity 1046-1048) of physical activity. Cohort studies in 
Japanese subjects have also reported negative 
associations between physical activity and cardiovascular 
disease1050), stroke1050-1053), cardiovascular disease 
mortality1054-1056), cardiac disease mortality1057), cerebral 

and cardiovascular disease mortality1057), and total 
mortality1056-1062). Therefore, a habitual increase in 
physical activity, including aerobic exercise, is effective 
in preventing the incidence of ASCVD and improving 
life expectancy. In 2013, the Ministry of Health, 
Labour and Welfare (MHLW) established the Physical 
Activity Standards and Guidelines for Health 
Promotion (Active Guide) (Fig. 6, 7). In order to 
prevent lifestyle-related diseases, the first step is to 
start with “Plus Ten” (i.e., adding 10 minutes of 
exercise to one’s current lifestyle), with the ultimate 
goal of an active lifestyle of at least 60 minutes of 
moderate-intensity (3-5.9 METs) activity per day and 
23 METs·hour/week (product of METs and time) for 
adults, and at least 40 minutes per day and 10 
METs·hour/week for older people1063). For older 
people, the ultimate goal is to lead an active life of at 
least 40 minutes per day and 10 METs·hour/week1063).

BQ 18 Does resistance exercise prevent the incidence of ASCVD in adults?

In adults, resistance exercise has a preventive effect on ASCVD and is suggested. (Level of 
evidence:2)

A meta-analysis has been reported on the effect 
of resistance exercise on mortality1064). It was a meta-
analysis of 1 RCT and 10 cohort studies conducted in 
North America (370,256 total subjects), with a mean 
observation period of 8.85 years for the cohort studies. 
The total mortality risk ratio was significantly lower in 
the resistance exercise group than in the non-exercise 
group by 21%. However, there was no dose-response 
relationship between resistance exercise frequency and 

reduced mortality. In combination with aerobic 
exercise, the relative risk of death was significantly 
lower at 0.60, regardless of the number of resistance 
exercises performed. Regarding the risk of 
cardiovascular disease mortality, there was a trend 
toward a lower risk in the resistance exercise group 
(risk ratio 0.83 [95% confidence interval 0.67-1.03]), 
with a significant reduction of 57% when combined 
with aerobic exercise. Two cohort studies have been 
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evaluation of the cardiovascular disease prevention 
benefits of resistance exercise is not as settled. On the 
other hand, resistance exercise is effective in improving 
physical fitness and muscle strength and risk factors 
for ASCVD in older people, whose muscle strength 
and muscle mass are declining1067). Start at 50% of 
maximum weight and work up to 70-80% intensity, 
with 6-7 sets of 2-3 sets of 8-10 repetitions per 
session, 3 days per week1067). Although resistance 
exercise and the combination of aerobic and resistance 
exercise are expected to prevent ASCVD, there are no 
reports in Japanese subjects, and the accumulation of 
evidence is expected in the future.

reported in the United States examining the 
association of resistance exercise with CAD or 
cardiovascular disease1065, 1066). In a cohort study of 
44,452 American men, which examined the 
association with various types of exercise, with 12 
years of observation every 2 years, the encouragement 
of resistance exercise (with weights) was associated 
with a 23% lower risk of CAD incidence1065). In a 
cohort study of 35,754 American women observed for 
10.7 years, the risk ratio of cardiovascular disease 
incidence for resistance exercise was significantly lower 
at 0.83 (95% confidence interval 0.72-0.96)1067). 
Compared to aerobic exercise, which has shown results 
from cohort studies in various populations, the 

BQ 19 Does reducing sedentary time prevent the incidence of ASCVD in adults?

In adults, reducing sedentary time has a preventive effect on ASCVD and is suggested. (Level of 
evidence:2)

Increased sedentary behaviour, defined as “any 
waking behaviour that by an energy expenditure less 
than 1.5 METs in the sitting or reclining posture,” has 
been shown to be associated with worse various health 
outcomes independent of total physical activity. 
Several meta-analyses and systematic reviews of cohort 
studies have been reported that evaluated the 
relationship between television viewing duration and 
sedentary time and the incidence and mortality of 
diabetes and cardiovascular disease1068-1075). Longer 
sitting time is associated with a significantly higher 
i n c i d e n c e  o f  d i a b e t e s 1068, 1069, 1072, 1074, 1075), 
cardiovascular disease1069, 1071, 1073, 1075, 1076), CAD, 
stroke1074), cardiovascular death1069, 1071, 1072), and total 

mortality1047, 1068-1072), with a dose-response relationship 
observed for the association1047, 1068, 1070, 1072, 1073). In a 
cohort study of Japanese subjects, the risk of 
cardiovascular disease mortality was also significantly 
higher among those who spent more time watching 
TV1077). Multiple meta-analyses have shown that 
interrupting sedentary behaviour without prolonged 
continuation improves blood glucose levels and 
insulin resistance1078, 1079). Therefore, it can be expected 
that ASCVD can be prevented by reducing the total 
number of hours of sedentary behaviour, as well as by 
avoiding prolonged periods of sedentary behaviour 
and interrupting it frequently.

3. Health Counseling Based on Health Behavior Theory
FQ 15  For the purpose of improving obesity and dyslipidemia, should health counseling 

based on health behavior theory be recommended over general health counseling?

As health counseling aimed at improving obesity and dyslipidemia, several health counseling 
based on health behavior theory are recommended because they are more effective than general 
health counseling in improving lipid levels and promoting the visit to clinic. (Level of 
evidence: Consensus, Level of recommendation:A)

3. 1  Evidence of Foreign and Domestic Health 
Counseling on Obesity

Randomized controlled trials (RCT) abroad have 
shown that lifestyle interventions based on health 
behavior theory (the idea that shows what kind of 
factors are existing for increasing the likelihood that a 
person will engage in healthy behaviors) are effective 
for improving markers of obesity (weight, BMI or 

waist circumference), especially in obese individuals. 
In RCT in the UK, an instruction to improve their 
exercise and diet based on the Health Action Process 
Approach1080) which improves anticipation of 
behavioral outcomes, perception of risk, and self-
efficacy showed a significant weight loss effect after 4 
months compared to educational brochures and 
general health counseling1081). In another RCT in the 
UK, as a weight loss instruction for obese participants 
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feeling that one can do it (Perceived behavioral 
control, Self-efficacy), are important to arouse the 
willing to lose weight (Intention). To set the actionable 
goals (Setting Goal) and to promote observing the 
behavior of others, learning by imitation, motivation 
(social learning theory) and encouraging self-
determination are suggested to be effective. In 
promoting instructional interventions based on these 
behavioral theories, face-to-face, motivational 
interviewing and group interventions have been 
reported to be effective.

3. 2  Evidence of Overseas and Domestic 
Health Counseling on Dyslipidemia

In overseas RCTs have shown the following 
effects of health counseling on dyslipidemia; health 
counseling using Self-Determine theory (SDT)1091) 
and Motivational Interviewing (MI) for obese and 
hyper-LDL cholesterolemia patients in the UK 
significantly reduced TC compared to general 
counseling1083), health counseling using social 
cognitive theory (self-efficacy theory)1092) for patients 
with hyper-LDL cholesterolemia in the US 
significantly reduced LDL-C compared to general 
health counseling1093), a group health counseling using 
self-efficacy theory for women with dyslipidemia in 
the US significantly reduced TC and TG levels 
compared to the general counceling1094). An 
intervention using the self-efficacy model, MI, and 
group work for Norwegian workers with hypertension 
or hyper-LDL cholesterolemia showed a significant 
decrease in diastolic BP and non-HDL-C levels 
compared to workers without these methods1095). A 
lifestyle intervention program for weight loss, salt 
reduction, alcohol reduction, and increased physical 
activity using social learning theory for patients treated 
for mild hypertension in the US improves BMI, BP 
and lipid levels only in population who maintains 
weight loss for 4 years1088). 

Furthermore, in a non-RCT, the social learning 
theory showed a significant reduction in TC level in 
patients with hyper-LDL cholesterolemia in the US 
compared to those who didnot use the theoretical 
model1096). A 6-week study of small group-based 
education and discussion using an empowerment 
model1097) for Korean patients with dyslipidemia along 
with obesity showed significant reductions in BP, 
blood glucose, and TC1098). In a New Zealand-
Australian study, a strong 30-day intervention 
(Complete Health Improvement Program, CHIP) in 
obese patients showed an improvement in BP and 
lipid levels along with BMI, this program is effective 
for improving lipid levels greater in patients with 

(BMI 28 kg/m2 or higher), motivational interview 
(MI)1082) significantly increased the amount of walking 
and significantly decreased weight after 6 months, 
compared to the information provided by leaflets1083). 
In the US study of a 6-month intervention on weight 
loss in outpatients with diastolic blood pressure (BP) 
90-99 mmHg, Social Learning Theory (SLT)1084) in 
combination with cognitive behavioral therapy and 
self-monitoring was effective for weight loss and 
maintaining weight loss 4 years after intervention1085). 
Furthermore, in patients with hypertension, 
dyslipidemia, type 2 diabetes, or obesity, training 3 
times a week and small group health counseling for 3 
months based on the stage-of-change model1086) were 
more effective for a lower mean weight, reductions in 
waist circumference and diastolic BP compared to the 
primary care group1087). On the other hand, it is 
reported that there was no significant difference in 
effectiveness using the behavior change stage theory 
with and without the staged increase in instructional 
content1088).

In Japan, the specific health checkup including 
waist circumference measurement is combined with 
specific health guidance and has been shown to be 
effective in improving obesity and the risk of cerebral 
and cardiovascular disease in obese subjects with 
cardiovascular risk factors. The Amagasaki Visceral Fat 
Study1089) is the basis for the diagnostic criteria for 
metabolic syndrome (MetS) in Japan and is a 
retrospective case-control study using Amagasaki city 
employees who underwent a health check-up from 
2003 to 2005. In-person health counseling using the 
modified model of The Health Belief Model 
(HBM)1090) and the original health check-up result 
form, “Where am I chart” (see Appendix 3) for three 
consecutive years, MetS coverage rate and waist 
circumference continuously decrease. The MetS 
ACTION-J study is a retrospective cohort study 
conducted by the National Database (NDB) using 
1,019,688 participants in 2008 who had to receive 
specific health guidance and were not diabetic or 
taking medications for diabetes, dyslipidemia or 
hypertension642). Compared to non-users of specific 
health counseling, users had a significantly higher rate 
of reductions in waist circumference and BMI of 5% 
or more and loss of MetS at 3 years.

These studies suggest that the health behavior 
theory based health counseling is more effective in 
improving obesity than general health counseling 
because it improves weight and lipid levels and 
promotes health care-seeking behavior. In health 
counseling for obesity reduction, there are some 
important contents. The feeling that one is expected 
to do weight loss behavior (Subjective norm) and the 
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compared to general health counseling in 15,710 
untreated high-risk individuals. The intervention 
group whose LDL-C is 180 mg/dL or higher (men) 
had a significantly higher cumulative proportions  of 
clinical visits than the control group throughout 12 
months (multivariate adjusted hazard ratio, 1.65 [95% 
CI; 1.38-1.97]). The MetS ACTION-J study642) also 
showed that, compared to non-users, users of specific 
health guidance improved their BP and lipid indices 
(increased HDL-C and decreased TG) as well as 
obesity markers. 

Based on these reports, health counseling based 
on health behavior theory may improve some lipid 
levels compared to general health counseling. The 
work to increase self-efficacy by focusing on cognitive 
factors, such as learning by imitation and motivation 
through interrelationships, is effective in health 
counseling to improve dyslipidemia, and group 
interventions and motivational interviewing may be 
effective.

dyslipidemia, increased risk of ASCVD1099). 
Therefore, health counseling based on several 

theories of health behavior has been shown to be 
effective in improving dyslipidemia. There are some 
studies that show the effectiveness of group 
intervention methods1083, 1094, 1100). However, there is 
insufficient evidence whether the health counseling 
using behavioral change stages (The stage-of-change 
model) included in the multi-theoretical integrated 
model (transtheoretical model) is more effective than 
general counseling for improving dyslipidemia1087, 1088). 
Behavioral counseling using cognitive-behavioral 
therapy1101) via telephone or Internet did not show 
differences for improving lipid levels1102).

The J-HARP study1103, 1104) is a large-scale clinical 
trial to evaluate the effectiveness of health counseling 
for people at high risk of cardiovascular disease in 
Japan. This trial evaluated the interventional effect of 
a modified health belief model and face-to-face health 
counseling in terms of the rate of clinical visit 

4 Drug Therapy
4.1 Drug Therapy

FQ 16.  Can LDL cholesterol-lowering therapy aimed at control targets be recommended for 
the prevention of ASCVD in Japanese patients?

The usefulness of LDL cholesterol-lowering therapy for the prevention of Atherosclerotic 
Cardiovascular Disease (ASCVD), including CAD and atherothrombotic cerebral infarction, has 
been shown in Japanese patients, and we recommend LDL cholesterol management aiming at 
the control target level. (Level of evidence: Consensus, Level of recommendation: A)

A meta-analysis by the CTT (cholesterol 
treatment trialists’) Collaboration of large-scale clinical 
trials conducted overseas using statins showed that the 
incidence rate of cerebral and cardiovascular disease 
decreased in proportion to the amount of reduction in 
LDL-C levels regardless of the individual’s absolute 
risk, history of CAD and LDL-C levels prior to 
treatment initiation331-333, 614). 

In Japan, a 10-year follow-up of the J-LIT study, 
an observational study of patients taking statins, 
showed a positive correlation between post-treatment 
LDL-C levels and the risk of incidence of CAD, 
regardless of whether the patients had a history of 
CAD1105). In addition, the MEGAStudy49), a primary 
prevention study, has confirmed the efficacy of statin-
based LDL-C lowering therapy for patients with 
hyper-LDL cholesterolemia in preventing cardiovascular 
events in Japanese patients. Furthermore, in the recent 
EMPATHY study of diabetes mellitus complicated by 
retinopathy, a high-risk primary prevention condition, 
a significant ASCVD prevention benefit was not 

observed by managing with a lower LDL-C target than 
conventional one1106, 1107). EWTOPIA751108) reported 
that treatment with ezetimibe 10 mg/day significantly 
reduced combined cardiovascular events by 34% 
without an increase in adverse events compared to the 
dietary guidance group in older patients 75 years or 
older with hyper-LDL cholesterolemia, suggesting 
that in primary prevention, LDL-C control is “the 
lower, the better” in preventing cardiovascular events 
in high-risk patients. 

In Japan, many coronary artery plaque regression 
studies have been reported using IVUS for secondary 
prevention of CAD, showing a significant correlation 
between LDL-C and the rate of change in plaque 
volume after treatment1109-1113). On the other hand, a 
meta-analysis of plaque regression studies conducted 
overseas reported a significant correlation between the 
rate of change in plaque volume and the incidence of 
cardiovascular events1114). In recent years, the effect of 
statin-lowering LDL-C therapy on reducing 
cardiovascular events has been reported in Japan. 
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type of infarction42). In J-STARS, a secondary 
prevention trial of cerebral infarction, pravastatin-
lowering LDL-C therapy was not effective in 
preventing recurrent stroke or TIA, but it significantly 
reduced the incidence of atherothrombotic cerebral 
infarction348). Other studies, such as a subanalysis of 
the MEGA Study1122) and the secondary endpoint of 
EMPATHY1106), have demonstrated efficacy in the 
prevention of initial and recurrent cerebral infarction 
without an increased risk of hemorrhage. These results 
suggest that LDL-C lowering therapy may be useful 
for  the prevention of  ASCVD, including 
atherothrombotic cerebral infarction, which is a 
common risk, and may be ‘the lower, the better’. 
However, a meta-analysis of clinical trials examining 
the relationship between LDL-C lowering therapy and 
stroke suggests an increased risk of intracranial 
hemorrhage in patients receiving aggressive LDL-C 
lowering therapy for secondary prevention of CAD or 
high-dose statins1116, 1120, 1121). Therefore, appropriate 
LDL-C lowering therapy should be implemented after 
assessing bleeding risk as well.

REAL-CAD1115) showed a significant ASCVD 
suppression of 19% in the high-dose pitavastatin 
group compared to the low-dose pitavastatin group. 
The HIJ-PROPER study341) of ACS did not 
statistically prove the benefit of active LDL-C 
lowering therapy with ezetimibe compared to 
pitavastatin alone, but showed a trend toward the 
reduction of ASCVD, suggesting that the 
management of LDL-C in secondary prevention is 
also “the lower, the better. 

In Europe and the United States, where 
atherothrombotic cerebral infarction is common, a 
meta-analysis of LDL-C-lowering therapy showed a 
correlation between the amount of LDL-C reduction 
and the reduction in the risk of stroke incidence, 
regardless of whether the patient had previously had a 
stroke, suggesting that “the lower, the better331, 1116-1121). 

Epidemiological studies in Japan have not shown 
a significant correlation between serum cholesterol 
levels and the incidence of noncardiogenic cerebral 
infarction44, 47, 59, 65), but LDL-C was reported to be a 
risk factor for atherothrombotic cerebral infarction by 

FQ 17 Is drug therapy for hypertriglyceridemia recommended for the prevention of ASCVD?

• In high-risk patients with a history of CAD or cerebral infarction, diabetes mellitus, and other 
conditions in which LDL cholesterol is adequately controlled with statins, concomitant 
administration of ethyl icosapentate for hypertriglyceridemia is recommended for the 
prevention of cerebral and cardiovascular disease. (Level of evidence: 1 +, 
recommendation: A)

• In dyslipidemia with hypertriglyceridemia and hypo-HDL cholesterolemia, triglyceride 
lowering therapy is recommended for the prevention of cerebral and cardiovascular disease with 
or without statin therapy. (Level of evidence: 1 +, Level of recommendation: A)

The REDUCE-IT study, an RCT of 4 g/day of 
ethyl icosapentate (EPA) versus placebo in 
hypertriglyceridemia (150-499 mg/dL) in patients 45 ≤ 
years of age with CAD or 50 ≤ years of age with 
diabetes and one or more risk factors and 
appropriately controlled LDL-C ＜100 mg/dL with 
oral statin therapy, showed a significant 25% 
reduction in major vascular events in the EPA-treated 
group compared to the placebo-treated group1123). The 
study also confirmed the preventive effect against 
stroke, as well as fatal and nonfatal CAD. A JELIS 
subanalysis1124) conducted in Japan reported that the 
combination of statins and EPA 1.8 g/day in 
dyslipidemia patients with TG ≥ 150 mg / dL and 
HDL-C ＜40 mg/dL showed a significant 53% 
reduction in coronary events compared to statins 
a lone .  In  pat ient s  wi th  hyper  non-HDL 
cholesterolemia whose LDL-C levels achieved the 
control target, the combination was also reported to 

be 38% effective in preventing coronary events. 
However, it has been suggested that the effect of EPA 
on the suppression of events of cerebral and 
cardiovascular disease in both studies may be due to 
mechanisms other than its effect on TG-lowering. On 
the other hand, as in the REDUCE-IT study, the 
STRENGTH study1125) conducted in high-risk 
patients with ASCVD or diabetes who had 
hypertriglyceridemia (180-500 mg/dL) and hypo-
HDL cholesterolemia controlled with statins to less 
than 100 mg/dL of LDL-C level, the combination of 
high-dose n-3 polyunsaturated fatty acids (EPA and 
DHA; 4 g/day) could not be proven to prevent 
cerebral and cardiovascular events, and the study was 
stopped early.

Although cardiovascular event prevention trials 
using fibrates and nicotinic acid derivatives have been 
conducted for some time in dyslipidemic patients with 
hypertrigceridemia, most of those showing preventive 
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fibrates, nicotinic acid derivatives, and n-3 
polyunsaturated fatty acids on cerebral and 
cardiovascular events in dyslipidemic patients with 
hypertriglyceridemia, or hypertriglyceridemia and 
hypo-HDL cholesterolemia, with or without statin 
medication, showed a significant combined cerebral 
and cardiovascular events prevention effect of 18% in 
hypertriglyceridemia patients and 29% in 
hypertriglyceridemia patients and hypo-HDL 
cholesterolemia patients1131). A large meta-analysis of 
374,358 patients, combining 24 clinical trials using 
these TG-lowering agents and 25 clinical trials using 
statins, found a significant reduction in major vascular 
events of 16% for a 1 mmol/L reduction in TG and 
21% for a 1 mmol/L reduction in non-HDL-C, 
equivalent to a 20% reduction in LDL-C events1132). 
Additionally, 1 g/day of EPA significantly reduced 
major vascular events by 7%, while no significant 
effect was observed for DHA.

effects against cerebral and cardiovascular events were 
conducted before statins were made mandatory as part 
of the study design. FIELD1126) and ACCORD1127), 
which investigated the effect of fenofibrate on the 
prevention of ASCVD in patients with type 2 
diabetes, did not demonstrate that fenofibrate 
prevented major cerebral and cardiovascular events. 
However, a post hoc analysis by FIELD1128) and a sub-
analysis by ACCORD1127) of patients taking statins 
showed that fenofibrate significantly reduced cerebral 
and cardiovascular events in dyslipidemic patients 
with hyper tr ig lycer idemia and hypo-HDL 
cholesterolemia. Meta-analyses1129, 1130) of clinical trials 
have shown primary and secondary preventive effects 
of fibrates on composite cerebral and cardiovascular 
events compared to placebo-control patients, but the 
effects are mainly due to inhibition of coronary events, 
not stroke or in patients taking statins. A meta-
analysis of the effect of TG-lowering therapy with 

FQ 18  Maximal tolerated dose strong statins are recommended as first choice in drug 
therapy for the secondary prevention of CAD?

In the secondary prevention of CAD, first-line pharmacotherapy with a maximum tolerated dose 
of strong statin is recommended from the beginning, regardless of the level of LDL cholesterol 
before starting therapy. Additionally, given the individual’s risk, intensified pharmacotherapy is 
recommended to achieve LDL cholesterol management goals. (Level of evidence: 1 +, Level 
of recommendation: A)

In Japan, where it is difficult to conduct large-
scale clinical trials, it is appropriate to examine the 
efficacy of LDL-C lowering therapy in ASCVD 
prevention by referring to the results of coronary 
plaque regression trials and large-scale overseas clinical 
trials. A meta-analysis of RCTs conducted overseas 
confirmed that LDL-C lowering therapy in the early 
stages of ACS is effective in reducing the incidence of 
ASCVD in the long term1133). In Japan, early and 
strict LDL-C lowering therapy with statins for ACS 
has been shown to be effective in inhibiting plaque 
progression1109, 1110, 1113) and preventing long-term 
incidence of ASCVD342, 1134) by observing coronary 
artery plaques using IVUS.

A meta-analysis of statin-based RCTs conducted 
overseas confirmed that aggressive LDL-C lowering 
therapy using high-intensity statins with LDL-C 
lowering effect ≥ 50% is significantly more effective 
than treatment using low- to intermediate-intensity 
statins with LDL-C lowering effect ＜50%, regardless 
of LDL-C before starting therapy, with an additional 
15% significant reduction in ASCVD has been 
demonstrated331). Furthermore, a meta-analysis1135) of 
RCTs that examined the effect on the prevention of 
cerebral and cardiovascular events between two groups 

of different types and doses of statin, statin alone and 
in combination with the ezetimibe or PCSK9 
inhibitor, showed that treatment targeting LDL-C ＜70 
mg/dL is useful when LDL-C at the start of treatment 
is ＞155 mg/dL and that high-dose, high-intensity 
statins are also effective when LDL-C is ＜100 mg/dL 
at the start of treatment.

In Japan, the CREDO-Kyoto Registry Cohort-2, 
a registry-based observational study of patients with 
CAD, confirmed a significantly lower incidence of 
cerebral and cardiovascular events in the strong statin 
treatment group compared to the standard statin 
treatment group1136). In the recent REAL-CAD1115) 
secondary prevention study conducted in Japan, a 
significant reduction in ASCVD was observed in the 
high-dose (4 mg/day) pitavastatin group compared to 
the low-dose (1 mg/day) group. The study also 
confirmed the benefit of aggressive LDL-C lowering 
therapy with high-dose strong statin regardless of the 
level of pretreatment LDL-C. Furthermore, 
EXPLORE-J342), a registered observational study of 
ACS, confirmed that in a population in which potent 
LDL-C lowering therapy was administered from the 
beginning, the incidence of ASCVD was suppressed 
from the beginning and the incidence of ASCVD in 
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patients who achieved the LDL-C control target 
(107.1 mg/dL in the usual treatment group and 59.7 
mg/dL in the active treatment group) confirmed a 
significant 57% ASCVD preventive effect in the active 
treatment group1107). Diabetes mellitus with 
retinopathy, a microvascular disorder, is a higher risk 
condition in primary prevention, but more aggressive 
LDL-C lowering therapy was found to be useful in 
preventing the incidence of ASCVD. Aggressive 
LDL-C lowering therapy targeting LDL-C ＜70 mg/
dL may also be useful in diabetes mellitus complicated 
by CAD, a high-risk condition for secondary 
prevention. 

According to the results of a meta-analysis of 
clinical trials conducted mainly overseas, the 
relationship between post-treatment LDL-C levels and 
the risk of ASCVD incidence is “the lower, the better” 
regardless of the dyslipidemia medications1135, 1137). It 
has also been reported that in patients in secondary 
prevention of CAD, the benefit of active LDL-C 
lowering therapy in reducing ASCVD events is greater 
in patients with concomitant high-risk disease 
compared to those with low-risk disease1138, 1139). There 
is no doubt that CAD complicated by FH or 
atherothrombotic cerebral infarction is a high-risk 
condition, but no clinical trials have examined the 
benefit of aggressive LDL-C lowering therapy in these 
patients. However, in light of the above results, it 
seems reasonable to implement LDL-C management 
with a goal of less than 70 mg/dL to prevent the 
incidence of ASCVD, as is the case with ACS and 
diabetes. However, in very older patients, patients 
with ACS without other high-risk complications and 
without major cardiovascular events for at least 2 
years1140), and patients with atherothrombotic cerebral 
infarct ion with high r i sk  of  intracrania l 
bleeding1116, 1119-1121), LDL-C control target values and 
pharmacological therapy should be reviewed 
periodically.

REAL-CAD1115), a secondary prevention trial in 
high-risk patients with stable CAD, 72% of whom 
had previous ACS and 40% of whom had diabetes 
mellitus, showed a significant reduction in ASCVD 
was observed in the pitavastatin high-dose (4 mg/day) 
group compared to the low-dose (1 mg/day) group, 
regardless of pretreatment LDL-C levels. The level of 
LDL-C in the high-dose pitavastatin group in year 3 
was 76.6 mg/dL (low-dose group; 91.0 mg/dL), 
proving that more aggressive management of LDL-C 
is also useful for the prevention of ASCVD in Japan, 
in patients with CAD complicated by high-risk 
conditions. On the other hand, in HIJ-PROPER341), a 
“Treat to Target” study design conducted in patients 
with ACS, the incidence of ASCVD events was lower 
in the group treated with the combination of 
pitavastatin and ezetimibe (mean post-treatment 
LDL-C: 65.1 mg/dL), targeting LDL-C ＜70 mg/dL, 
compared with the group treated with statins alone 
(mean post-treatment LDL-C: 84.6 mg/dL), but this 
difference was not statistically significant. The lower 
than predicted incidence of events in the primary 
endpoint and the better LDL-C control in the usual 
care group may have contributed to the smaller 
difference in on-treatment LDL-C between the 
groups. However, even in Japanese patients with low 
absolute risk, LDL-C ＜70 mg / dL management 
showed an additive trend towards inhibiting ASCVD 
without an increase in adverse events, suggesting that 
LDL-C management in high-risk secondary 
prevention conditions may be ‘the lower, the better’.

EMPATHY1106), a primary prevention trial 
conducted in diabetic patients with retinopathy, 
examined the effect of reduction in ASCVD in a 
group of patients treated with statin monotherapy 
with active treatment targeting LDL-C less than 70 
mg/dL and a group of patients treated with 
conventional therapy. Although no significant 
ASCVD preventive effect was observed in the active 
treatment group, a post hoc analysis limited to 

FQ 19  Is drug therapy targeting LDL cholesterol below 70 mg / dL for the secondary 
prevention of CAD associated with high-risk conditions recommended?

For the secondary prevention of CAD complicated by acute coronary syndrome, familial 
hypercholesterolemia, diabetes mellitus, or atherothrombotic cerebral infarction, it is 
recommended to administer pharmacotherapy with the goal of achieving LDL cholesterol less 
than 70 mg/dL. (Level of evidence: 1, Level of recommendation: A)

the second year was also low. These results suggest that 
in secondary prevention of CAD, a strong reduction 
of LDL-C with a maximum tolerated dose of strong 

statin from early onset may be useful in the prevention 
of ASCVD.
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statins in preventing cerebral and cardiovascular events 
is well established, and standard pharmacotherapy 
with statins as the first choice is recommended. 
However, if the patient is intolerant to statins or 
statins alone do not provide sufficient LDL-C 
lowering effect, a change to or combination with other 
dyslipidemia drugs should be considered. Recent 
RCTs have reported that aggressive LDL-C lowering 
therapy with statins plus ezetimibe341, 1141, 1142) or 
statins plus PCSK9 inhibitors1143-1145) significantly 
reduces cerebral and cardiovascular events compared 
to statin therapy alone1146). EWTOPIA75 1108) 
conducted in Japan was a clinical trial to evaluate the 
primary prevention effect of ezetimibe monotherapy 
for LDL-C lowering in patients aged 75 years or older 
with hyper-LDL cholesterolemia, and reported a 
significant 34% reduction in cerebral and 
cardiovascular events without any significant adverse 
events. It is important to understand the 
characteristics and effects of various drugs, not only 
statins, and to implement appropriate LDL-C 
management with safe and effective drugs, taking into 
consideration statin intolerance, pregnancy and 
lactation, individual complications, and drug 
interactions.

In a meta-analysis of RCTs1137), the effect of 
dietary therapy and medications that activate LDL 
receptor expression, such as anion exchange resins and 
ezetimibe, on the reduction of LDL-C by 1 mmol/L 
was 25%, which was equivalent to 23% of the effect 
of statins on the reduction of LDL-C on cerebral and 
cardiovascular events. In addition, the incidence of 
cerebral and cardiovascular events was lower with 
lower post-treatment LDL-C levels, regardless of the 
presence or absence of CAD complications. A meta-
analysis1132) combining 24 RCTs with fibrates, 
nicotinic acid derivatives, and n-3 polyunsaturated 
fatty acids and 25 RCTs with statins also found a 
significant 20% reduction in major vascular events 
with a 1 mmol/L reduction in LDL-C, regardless of 
drug type. Meta-analysis of RCTs of non-statin drug 
therapy for ischemic stroke also reported a reduction 
in ischemic stroke risk with LDL-C lowering therapy, 
regardless of the presence or absence of CAD 
complications331, 1116-1121). These results indicate that 
LDL-C is “the lower, the better” in preventing the 
incidence of cerebral and cardiovascular events, and 
that appropriate management of LDL-C is important 
regardless of the drug therapy used. 

The effect of LDL-C lowering therapy with 

FQ 20  Is LDL cholesterol lowering therapy with drugs other than statins recommended for 
the prevention of ASCVD?

The relationship between LDL-C decrement and cerebral and cardiovascular event prevention in 
non-statin drugs is similar to that of statins, and LDL-C lowering therapy aimed at control 
targets is recommended in the prevention of ASCVD, regardless of the drug type. (Level of 
evidence: 1+, Level of recommendation: A)

Column: Drug therapy for dyslipidemia with isolated hypo-HDL cholesterolemia

Hypo-HDL-C cholesterolemia is an important classical risk factor for CAD, and after the establishment of 
LDL-C lowering therapy with statins, the residual risk is expected to be the effect of HDL-C elevation on the 
prevention of cardiovascular events.

Large clinical trials such as AIM-HIGH1147) and HPS2-THRIVE1148) conducted with nicotinic acid derivatives 
in patients treated with standard statin therapy and their meta-analysis1149-1151) have not shown an effect of HDL-C 
elevation on cerebral and cardiovascular events. In a meta-analysis1152) of clinical trials using fibrates, a stratified 
analysis of patients with hypo-HDL cholesterolemia showed a significant suppression effect of cerebral and 
cardiovascular events regardless of whether they had diabetes or CAD; however, in the limited analysis to patients 
receiving statins, a trend towards a significant suppression effect of events was observed, but no significant effect 
was observed. Recently, CETP inhibitors, which exhibit potent HDL-C-raising and moderate LDL-C-lowering 
effects, have been developed, and large clinical trials452, 1153-1156) have been conducted in patients with hypo-HDL 
cholesterolemia and high risk of ASCVD whose LDL-C is adequately controlled with standard statin therapy. Only 
REVEAL1153) with anacetrapib demonstrated a significant primary endpoint of coronary event prevention with the 
addition of anacetrapib compared to statin alone, but other clinical trials452, 1154-1156) have not demonstrated a benefit 
of cerebral and cardiovascular event prevention with the addition of a CETP inhibitor. The use of this drug is 
currently not approved worldwide because it did not demonstrate a benefit in cerebral and cardiovascular disease 
and was associated with an increase in all-cause mortality in some patients.

At present, when LDL-C is adequately controlled with standard statin therapy, drug therapy primarily aimed 



716

JAS Guideline 2022

4.2 Characteristics and Selection Criteria of Various Drugs

BQ 20. Have indications, efficacy, and safety of drugs for dyslipidemia been established?

The indications, efficacy, and safety of statins, ezetimibe, anion exchange resins, probucol, 
fibrates, n-3 polyunsaturated fatty acids, and derivatives of nicotinic acid for the treatment of 
dyslipidemia are well established. Although indications and efficacy of PCSK9 inhibitors have 
been established, the safety profile for long-term administration has not yet been confirmed. 
(Level of evidence: 4)

at raising HDL-C has not been shown to prevent cerebral and cardiovascular events, and further research results are 
expected in the future.

Table 10 shows the classification of dyslipidemia 
drugs according to their efficacy. In Japan, the 
effectiveness of these methods has been verified in 
principle by a double-blind study. It is necessary to 
understand the characteristics and effects of various 
drugs and to select safe and effective drugs, taking into 
account concomitant diseases and drug interactions. 
The characteristics of various dyslipidemia drugs are 
described below.

1)  HMG-CoA Reductase Inhibitors (Statins): 
Pravas ta t in ,  Simvasta t in ,  Fluvas ta t in , 
Atorvastatin, Pitavastatin, Rosuvastatin

Dyslipidemia with high LDL-C levels is 
indicated. Since statins have been proven to be 
effective in FH1157), numerous evidences have been 
presented of their inhibition of atherosclerosis and are 
currently the mainstay of treatment for dyslipidemia. 
Statins antagonistically inhibit HMG-CoA reductase, 
the rate-limiting enzyme in cholesterol synthesis, thus 
suppressing cholesterol biosynthesis1158) and activating 
SREBP2, which in turn promotes the synthesis of 
LDL receptors, resulting in a decrease in blood LDL-

C1159). The effect of lowering LDL-C levels is 20-50%. 
The decrease in cholesterol biosynthesis in the liver 
also results in a decrease in TG through suppression of 
VLDL synthesis and secretion1160), but the effect is 
only 10-20%. Although statins have been suggested to 
increase the incidence of new-onset diabetes1161), 
evidence of  stat in-induced suppress ion of 
cardiovascular events is thought to outweigh the risk 
of diabetes incidence1162). Side effects include hepatic 
dysfunction, interstitial pneumonia, myopathy-like 
symptoms such as increased CK and muscle weakness, 
and, although extremely rare, rhabdomyolysis 
characterized by elevated blood and urine myoglobin. 
This risk is increased in patients with renal 
dysfunction and with the concomitant use of fibrates, 
nicotinic acid derivatives, cyclosporine, and 
erythromycin. Immune-mediated necrotizing 
myopathy, which is characterized by muscle weakness 
with predominance of the proximal muscles, marked 
myalgia and elevated CK, as well as histological 
evidence of necrosis of muscle fibers without 
inflammatory cell infiltration and positive anti-HMG-
CoA reductase antibody, has been reported in 

Table 10. Classification of dyslipidemia drugs according to their efficacy

Classification LDL‐C TG HDL‐C non‐ HDL‐C Main Generic Names

statins (stratified by LDL‐C lowering effect) ↓↓ ↓ ― ～↑ ↓↓ Pravastatin, Simvastatin, Fluvastatin

↓↓↓ ↓↓↓ Atorvastatin, Pitavastatin, Rosuvastatin

small intestinal cholesterol transporter inhibitor ↓↓ ↓ ↑ ↓↓ Ezetimibe

anion exchange resin ↓↓ ↑ ↑ ↓↓ Cholestyramide,  Cholestyramine

probucol ↓ ― ↓↓ ↓ Probucol

PCSK9 inhibitor ↓↓↓↓ ↓～↓↓ ― ～↑ ↓↓↓↓ Evolocumab

MTP inhibitor＊ ↓↓↓ ↓↓↓ ↓ ↓↓↓ Lomitapide

fibrate drugs ↑～↓ ↓↓↓ ↑↑ ↓ Bezafibrate, Fenofibrate, Clofibrate

selective PPARα modulator ↑～↓ ↓↓↓ ↑↑ ↓ Pemafibrate

nicotinic acid derivative ↓ ↓↓ ↑ ↓ Nicomol, Tocopherol Nicotinate

n‐3 polyunsaturated fatty acids ― ↓ ― ― Ethyl Icosapentate, Ethyl omega‐3 fatty acid

＊indicated for patients with FH homozygotes
↓↓↓↓ : −50% or more, ↓↓↓ : ‐50 to ‐30%, ↓↓ : −30 to ‐20%, ↓ : −20 to ‐10%, ↑ : 10 to 20%, ↑↑ : 20 to 30%, −: −10 to 10%
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on the prevention of cerebral and cardiovascular events 
was reported in EWTOPIA75 conducted in Japan1108). 
HDL-C increases by 8-9% and TG decreases by 
20-30%. The most common side effect is 
gastrointestinal symptoms, but not significantly 
different from placebo. As with statins, myopathy-like 
symptoms such as increased CK and muscle weakness 
have been reported in rare cases, but concomitant use 
with statins has not been reported to increase adverse 
effects. Furthermore, it should be noted that vitamin 
K absorption from the intestinal tract is reported to be 
mediated by NPC1L1, and concomitant use of 
ezetimibe can enhance its effects in patients taking 
warfarin1172).

3)  Anion-Exchange Resin (Resin): Cholestimide, 
Cholestyramine

Dyslipidemia (type IIa) with high LDL-C is 
indicated. Although statins are the first-line drugs for 
hyper-LDL cholesterolemia, in patients who cannot 
tolerate statins due to side effects or other reasons, 
resins could be a first-line drug. If pharmacotherapy is 
necessary in women who are pregnant or may become 
pregnant, statins should be avoided and resins should 
be used. The most significant aspect of resin 
administration is its combination therapy with statins. 
Cholestyramine is the first drug to prove its efficacy in 
reducing the incidence of CAD through large-scale 
clinical trials1173, 1174). Resin inhibits cholesterol 
absorption by adsorbing bile acids in the intestinal 
tract and promotes the catabolism of cholesterol to 
bile acids by inhibiting enterohepatic circulation 
through re-absorption of bile acids. This results in a 
decrease in the sterol pool in the body and an increase 
in LDL receptor synthesis in the liver, resulting in a 
decrease in blood LDL-C1175). However, at the same 
time, it is accompanied by an increase in cholesterol 
biosynthesis due to the increased activity of HMG-
CoA reductase in the liver, so its combination with a 
statin, an HMG-CoA reductase inhibitor, is very 
reasonable. On the other hand, bile acids act as ligands 
for the nuclear receptor FXR and are involved in the 
regulation of TG metabolism by suppressing SREBP1c 
expression and increasing LPL activity, so resin 
treatment results in a decrease in LDL-C, as well as an 
increase in VLDL synthesis and blood TG due to bile 
acid adsorption. Side effects are mainly gastrointestinal 
symptoms such as constipation and abdominal 
bloating, but no serious side effects have been 
observed to date as a result of their nonabsorbable 
nature. Furthermore, since adsorption of drugs such as 
statins, ezetimibe, digitalis, warfarin, thiazide diuretics, 
and thyroid preparations has been observed in resins, 
patient medication instructions should be given to 

Japan1163, 1164). Because symptoms can persist or 
progress rapidly after discontinuation of statin therapy, 
patients should be discontinued immediately if 
myopathy-like symptoms appear, and their condition 
should be carefully monitored. Since the nocebo effect 
(reverse pseudo effect) is involved in muscle symptoms 
associated with statin use, it is advisable to refer to the 
guidelines when dealing with patients who have 
difficulty continuing to take statins1165).

There have also been reports of suspected statin-
induced teratogenicity in cases of accidental statin use 
in early pregnancy1166), statins should not be used in 
pregnant or possibly pregnant women, women who 
wish to become pregnant, and lactating women. 
Additionally, each drug has its own contraindications, 
so care should be taken before and during 
administration. (Simvastatin is contraindicated in 
preparations containing itraconazole, miconazole, 
posaconazole, atazanavir, saquinavir mesylate, and 
cobicistat, in combination with ombitasvir/
paritaprevir/ritonavir, atorvastatin in combination 
with grecaprevir and pivlentavir, and pitavastatin and 
rosuvastatin are contraindicated with cyclosporine, 
respectively). Pitavastatin can also be used for pediatric 
HMF in doses of up to 2 mg for children 10 years of 
age and older.

2)  Small Intestinal Cholesterol Transporter 
Inhibitor: Ezetimibe

This drug has a blood cholesterol-lowering effect 
by inhibiting the small intestinal cholesterol 
transporter (NPC1L1) present in the small intestinal 
mucosa, thereby inhibiting absorption of dietary and 
bile-derived cholesterol in the small intestine1167). 
Unlike resins, it is absorbed by the body and about 
78% is excreted in the feces after passing through the 
enterohepatic circulation. Selectively inhibits 
cholesterol absorption and does not affect the 
absorption of fat-soluble vitamins, such as vitamins A 
and D. The usual oral dose (10 mg/day) lowers 
LDL-C by about 18%, but, like resin, is associated 
with increased cholesterol synthesis in the liver. 
Therefore, the combination with a statin is ideal, and 
the additive effect of the combination can be achieved, 
with a reduction in LDL-C of approximately 35-50% 
with 10 mg of ezetimibe plus a regular dose 
statin1169-1170). This effect is equivalent to that of a 
statin alone at a very high dose. A meta-analysis of 
large clinical trials of ezetimibe and statin combination 
therapy in high-risk conditions such as patients with 
FH, ACS, and PAD has confirmed the safety of the 
combination therapy and its effectiveness in reducing 
cardiovascular events by lowering LDL-C1171). The 
safety and significant effect of ezetimibe monotherapy 
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suppression effect of cerebral and cardiovascular events 
was reported in patients whose HDL-C decreased by 
6.25 mg/dL or more1186). Side effects include QT 
prolongation and torsade de pointes on the 
electrocardiogram, in addition to gastrointestinal 
symptoms, liver problems, and rash.

5) Fibrates: Bezafibrate, Fenofibrate
It is one of the most effective drugs for 

hypertriglyceridemia. It is particularly effective in type 
III hyperlipidemia because it also increases the 
catabolism of remnant lipoproteins. It is also found to 
increase HDL-C. The main mechanism of action is 
that fibrates act as ligands for the nuclear receptor 
PPARα and activate PPARα1187, 1188) resulting in: 1) 
increased β-oxidation of fatty acids and decreased TG 
production in the liver, 2) increased LPL production, 
3) decreased apoC-III production and increased LPL 
activity to promote TG degradation and VLDL to 
catabolism to LDL, 4) increased production of apoA-I 
and A-II, and 5) increased production of ABCA1. As 
a result, TG decreases and HDL-C increases. With 
bezafibrate, a TG lowering effect of 30-40%, a TC 
lowering effect of about 10%, and an HDL-C raising 
effect of 35-45% are observed. Fenofibrate is 
characterized by its long half-life and has a uric acid 
lowering effect in addition to its effect on lipids. The 
main side effect is a tendency to cause rhabdomyolysis 
when used in patients with renal dysfunction, 
especially when used in combination with statins. 
Bezafibrate is contraindicated in patients with serum 
creatinine ≥ 2.0 mg/dL and fenofibrate in patients 
with serum creatinine ≥ 2.5 mg/dL. Fenofibrate is also 
contraindicated in patients with gallbladder disease 
due to reports of gallstone formation.

6) Selective PPARα modulator: Pemafibrate
Like fibrates, Pemafibrate is one of the most 

effective drugs for hypertriglyceridemia. Selective 
PPARα modulator selectively regulates the 
transcription of genes involved in TG metabolism, 
such as apoC-III, apoAV and LPL, and HDL 
metabolism, such as apoA-I, apoA-II, SR-BI, and 
ABCA1, among the genes on which PPARα acts, and 
has been shown to reduce TG by approximately 43%, 
reduce non-HDL-C by 10-12%, and increase HDL-C 
by 16-21%1189). Additionally, because it has less effect 
on the liver and kidneys, it is considered safer in 
combination with statins than fibrates. However, it is 
contraindicated in patients with gallstones. In 
addition, concomitant use with cyclosporine and 
rifampicin is contraindicated, as inhibition of the 
metabolic pathway may result in increased blood 
concentrations.

take these drugs at intervals when they are taken 
concomitantly. In addition, absorption of fat-soluble 
vitamins (A, D, E, and K) and folic acid may also be 
inhibited, so supplementation should be considered 
when taking long-term doses.

4) Probucol
It is indicated for dyslipidemia (type IIa) with 

high LDL-C. This drug is also characterized by its 
regressive effect on xanthomas. However, in addition 
to LDL-C-lowering effects, it also has HDL-C-
lowering effects.

The LDL-C-lowering effect of probucol is 
15-25%, and the mechanism is thought to be 
increased LDL catabolism, especially cholesterol 
excretion into bile. However, suppression of ABCA 1 
activity, a membrane protein essential for HDL 
production, is thought to be a possible mechanism for 
the decline in HDL-C. Other possible mechanisms 
include the increased activity of the cholesterol ester 
transfer protein (CETP) and the HDL receptor, 
SR-BI. Although the fact that LDL oxidation is an 
important point in the pathogenesis of atherosclerosis 
is becoming clear from various aspects, including cell 
biological facts1176, 1177) and immunohistological 
facts1178, 1179),  the drug is incorporated into 
lipoproteins and has a strong antioxidant effect 
because of its structure, which consists of two bound 
antioxidants, BHT, and is fat soluble. Clinically, small 
RCTs, as well as secondary prevention in heterozygous 
patients with FH in cohort studies1180) have reported a 
reduction in restenosis after percutaneous coronary 
angioplasty (PTCA)1181, 1182), carotid IMT, and 
cardiovascular events1183). On the other hand, in 
PQRST, additional administration of probucol to diet 
and cholestyramine treatment failed to inhibit the 
development of atherosclerosis in the femoral 
artery1184). The lack of large-scale clinical trials has 
limited its positioning, such as when statins are not 
tolerated or used in combination with statins, but 
recent results suggesting its usefulness have been 
reported from Japan and other Asian countries. 
PROSPECTIVE, conducted in Japan, compared the 
efficacy of standard statin therapy alone with probucol 
in preventing cerebral and cardiovascular events in 
patients with hyper-LDL cholesterolemia associated 
with CAD, found no statistically significant 
differences, but did find a trend toward lower rates of 
cerebral and cardiovascular events in the group 
receiving standard statin therapy plus probucol1185). 
An integrated analysis with IMPACT conducted in 
Korea and China similarly found a trend for probucol 
combination therapy to reduce cerebral and 
cardiovascular events. In particular, a significant 
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remnant-lipoprotein levels. The mechanism of action 
of this drug is to inhibit lipolysis in peripheral adipose 
tissue by suppressing the activation of hormone-
sensitive lipase, resulting in a decrease in the influx of 
free fatty acids into the liver, which in turn suppresses 
lipoprotein synthesis in the liver. In addition, by 
inhibiting the catabolism of apoprotein A-I, it has an 
HDL-C raising effect. Nicotinic acid alone (3.0 g/day) 
has a TG lowering rate of 26%1196). Nicotinic acid 
derivatives also have a lowering effect on Lp(a)1196-1198). 
Major side effects include itching, facial flushing due 
to peripheral vasodilation, and hyperuricemia. It may 
also exacerbate insulin resistance and should be 
administered with caution in diabetic patients.

9)  PCSK9 Inhibitor (Human Anti-PCSK9 
Monoclonal Antibody Drug): Evolocumab

Patients with hyper-LDL cholesterolemia who 
have FH or are at high risk for the incidence of 
cardiovascular events, who have had an inadequate 
response to maximal tolerated statin therapy, or who 
are not suitable for statin therapy (statin intolerance) 
are indicated for treatment. 

The drug specifically binds to and inhibits the 
PCSK9 protein (proprotein convertase subtilisin/kexin 
type 9) that is involved in the degradation of the liver 
LDL receptor, and thus exhibits effects lowering blood 
LDL-C by increasing the recycling of LDL 
receptor1199). As noted above, statins, which inhibit 
cholesterol biosynthesis in the liver and activate 
SREBP2, increase PCSK9 synthesis as well as LDL 
receptor synthesis, making their combination with 
this inhibitor reasonable. The LDL-C lowering effect 
is the most potent among existing drugs, and in a 
phase III study in patients at high risk for 
cardiovascular events, including heterozygous FH, a 
70-75% reduction in LDL-C was demonstrated with 
administration once per two weeks in combination 
with statin therapy1200, 1201). Another characteristic of 
this inhibitor is that it lowers Lp(a) by 20-30%, which 
statins do not have a lowering effect on. TG is reduced 
by 20-25% and HDL-C is increased by 10-15%. 
LDL-apheresis can also be combined with a PCSK9 
inhibitor, but the anti-PCSK9 antibody is removed 
during apheresis, so if the combination is used, it 
should be administered after apheresis. 

This drug is a subcutaneous injection and the 
main side effects are injection site reactions, with 
other reports of nasopharyngitis and gastroenteritis. 
To date, there have been no reports of liver or skeletal 
muscle disorders that are enhanced by concomitant 
use with statins, and no adverse events have been 
reported attributable to low levels of LDL-C, but the 
long-term efficacy and safety of the drug should be 

7)  n-3 polyunsaturated Fatty Acids: Ethyl 
Icosapentate, Ethyl Omega-3 Fatty Acid

Dyslipidemia with elevated TG, especially type 
IIb hypertriglyceridemia and type IV hyperlipidemia, 
is indicated. EPA and DHA suppress hepatic VLDL 
synthesis, lower TG, and slightly increase HDL-C. 
The preventive effect of fish oil and n-3 
polyunsaturated fatty acids on cardiovascular events 
has long been reported in epidemiological studies and 
in some secondary prevention trials. In the JELIS1190) 
study conducted in Japan, EPA was shown to be 
significantly more effective in preventing major 
coronary events in the statin plus EPA group than in 
the statin alone group, confirming the efficacy of EPA 
itself. The subanalysis showed a significant inhibition 
o f  c o ro n a r y  e v e n t s 1124) i n  p a t i e n t s  w i t h 
hypertriglyceridemia and hypo-HDL cholesterolemia 
dyslipidemia without a history of CAD, and a 
significant prevention of recurrent stroke1191) in 
patients with a history of stroke. However, subsequent 
large-scale clinical trials conducted overseas failed to 
prove the effect of n-3 polyunsaturated fatty acids in 
reducing cardiovascular events707, 1192, 1193). Recently, 
REDUCEIT reported that the addition of 4 g of high-
dose ethyl icosapentate daily significantly reduced 
cerebral and cardiovascular events in high-risk patients 
with concomitant cardiovascular disease or diabetes 
mellitus, taking statins, and with LDL-C less than 100 
mg/dL and hypertriglyceridemia1123). However, 
STRENGTH, a study of high-risk patients with 
cardiovascular disease or diabetes mellitus who took 
statins and had hypertriglyceridemia and hypo -HDL 
cholesterolemia, found no effect of an additional 4 g 
per day of high-dose n-3 polyunsaturated fatty acids 
in the prevention of cardiovascular events1125). At 
present, EPA is the only n-3 polyunsaturated fatty 
acid that has been proven to reduce cardiovascular 
events. It is not clear whether this effect is specific to 
EPA or depends on the EPA dosage or whether the 
concomitant use of DHA attenuates the effect of EPA, 
and more studies are needed. In addition to their 
effects on lipids, EPA and DHA are also expected to 
prevent atherosclerosis through their antiplatelet and 
anti-inflammatory effects. However, an increased risk 
of new incidence of atrial fibrillation due to high doses 
of n-3 polyunsaturated fatty acids has been reported, 
requiring caution1194). The main side effects, in 
addition to gastrointestinal symptoms such as 
diarrhea, are a tendency to bleeding.

8)  Nicotinic Acid Derivatives: Nicomol, Tocopherol 
Nicotinate

Indications include hyper-LDL cholesteridemia, 
hypertriglyceridemia, and dyslipidemia with increased 
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LDL-C and apoB decreased by 50.9% and 55.6%, 
respectively, after 4 weeks (mean pretreatment LDL-C 
was 615 mg/dL)1202). Significant elevations in AST 
and ALT and increases in hepatic fat content were 
observed with lomitapide, but all patients returned to 
normal 14 weeks after treatment was discontinued. 
Lomitapide alone or in combination with ezetimibe in 
85 hypercholesterolemia patients (mean pretreatment 
LDL-C 170 mg/dL) in combination with a low-fat 
diet showed a dose-dependent decrease in LDL-C and 
apoB1203). At the highest dose of lomitapide alone, 
LDL-C and apoB were reduced by 30% and 24%, 
respectively, from pretreatment values, while the 
ezetimibe combination group showed a reduction of 
46% and 37%, respectively.

carefully monitored.

10) MTP Inhibitor: Lomitapide
Lomitapide is currently the only microsomal 

triglyceride transfer protein (MTP) inhibitor approved 
in Europe, the United States, and Japan. MTP 
inhibition decreases VLDL production and lowers 
LDL-C and TG. It lowers LDL-C by about 50% even 
in homozygous FH (HoFH) who do not respond to 
other drug therapies, but fat accumulation in the liver, 
abdominal pain, and diarrhea are the major side 
effects, and future studies are needed to determine its 
long-term safety. Indication in Japan is limited to 
patients with HoFH. When HoFH patients were fed a 
low-fat diet and treated with lomitapide, blood 

4.3 Combination Therapy

FQ21.  Is the addition of cholesterol-lowering non-statin drugs (ezetimibe, anion 
exchangers, probucol, PCSK9 inhibitors) to statins recommended for the prevention 
of recurrent ASCVD?

• PCSK9 inhibitors in combination with statins are effective in preventing recurrence of ASCVD 
in patients with pre-existing ASCVD, and are recommended when LDL cholesterol control 
targets have not been achieved even with multiple drug therapy. (Level of evidence: 1 +, 
Level of recommendation: A)

• Ezetimibe in combination with statins is effective in preventing recurrent ASCVD in patients 
with acute coronary syndromes, and is recommended when LDL cholesterol control targets 
have not been achieved with statins. (Level of evidence: 1 , Level of recommendation: A)

The FOURIER study (evolocumab)1143) and the 
ODYSSEY OUTCOMES study (alirocumab)1144), 
which investigated the efficacy of PCSK9 inhibitors 
under statin treatment in patients with a history of 
ASCVD, showed that the concomitant use of PCSK9 
inhibitors significantly reduced the incidence of 
ASCVD. In both trials, the efficacy of PCSK9 
inhibitors was demonstrated in several sub-analysis, 
including a sub-analysis in diabetic patients and a sub-
analysis the endpoint of which was set as all post-
treatment events.

The IMPROVE-IT study1141) was conducted to 
evaluate the effect of additional administration of 
ezetimibe in patients whose LDL-C was controlled at 
50 to 100 mg/dL with simvastatin after ACS, and 
demonstrated the efficacy of additional ezetimibe 
administration to reduce the incidence of ASCVD. 
Several subanalyses have also shown its efficacy, 

including that focused on diabetic patients, as well as 
that examined all event incidences. On the other 
hands, the HIJ-PROPER study341) which was 
conducted in patients with ACS and examined the 
efficacy of adding ezetimibe to statin (LDL-C target 
in combination therapy ＜70 mg/dL, in statin alone 
70 to 100 mg/dL) did not disclose the benefit of 
combination therapy.

Regarding probucol, the PROSPECTIVE 
study1185) was conducted in Japan to evaluate the effect 
of adding probucol to statins in patients with CAD 
complicated by dyslipidemia. The study showed a 
trend toward a reduction of the ASCVD event in 
those who received probucol, but the difference was 
not significant.

There are no large RCTs that have examined the 
efficacy of anion exchange resins in combination with 
statins for the prevention of ASCVD.
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In addition to monitoring symptoms related to 
side effects, it is recommended to perform 
examinations regularly in order to confirm drug 
effects, perform dose adjustment, find side effects 

4. 4 Follow-Up of Drug Therapy

BQ21.  Is it necessary to regularly perform clinical examinations after the initiation of drug 
therapy?

After the initiation of drug therapy, regular examinations are recommended to confirm efficacy 
and safety. Examination items should be selected depending on the drug administered and the 
patient’s background. (Level of evidence: Consensus)

FQ22.  In patients with hypertriglyceridemia or hypo-HDL cholesterolemia, is the 
co-administration of fibrates, SPPARMα, nicotinic acid derivatives, or n-3 
polyunsaturated fatty acids with statins recommended for the prevention of the 
incidence of ASCVD?

• The addition of an ethyl icosapentate (EPA) preparation to statin treatment is effective in 
reducing the incidence of ASCVD in hypertriglyceridemiac cases, and concomitant therapy is 
recommended. (Level of evidence: 1+, Level of recommendation: A)

• The addition of fibrates to statins is effective in reducing the incidence of ASCVD in patients 
with hypertriglyceridemia and hypo-HDL cholesterolemia, and combination therapy is 
suggested. (Level of evidence: 2, Level of recommendation: B)

The REDUCE-IT study1123) is a study that 
included diabetic patients with at least one ASCVD 
risk factor or secondary prevention patients, whose 
LDL-C levels were cotrolled between 41 and 100 mg/
dL with statin treatment and TG levels between 150 
mg/dL and 500 mg/dL; it examined the efficacy of 
adding EPA (at a dose of 4 g/day) to statin treatment 
and revealed the benefit in reducing ASCVD events 
with concommitant therapy. A subanalysis of the 
JELIS study which analyzed primary prevention 
patients with TG ≥ 151 mg/dL and HDL-C ＜40 mg/
dL showed that the addition of EPA to statins reduced 
the incidence of coronary events1124). On the other 
hand, the STRENGTH study1125) which targeted 
statin-treated patients at high risk of ASCVD with 
LDL-C ＜100 mg/dL, TG 180-499 mg / dL and 
HDL-C ＜42 mg/dL (men) and ＜47 mg/dL 
(women), did not disclose the efficacy of a 
formulation of EPA / DHA in reducing ASCVD 
events. The ASCEND1192) and ORIGIN1204) studies, 
which were carried out in patients with diabetes or 
prediabetes, and the concomitant statin administration 
rates of which were 75% and 54%, respectively, also 
did not demonstrate the efficacy of the EPA / DHA 
formulations. 

In the ACCORD-LIPID study conducted in 
patients with type 2 diabetes (including both primary 
and secondary prevention), the addition of a fibrate to 

a statin was not found to reduce ASCVD, but a 
subanalysis performed in the subjects with TG ≥ 204 
mg / dL and HDL-C ＜34 mg/dL found a reduction 
in ASCVD1127).

The AIM-HIGH study1205) which targeted 
ASCVD patients with hypo-HDL cholesterolemia 
and hypertriglyceridemia, and a subanalysis1147) of 
HPS2-THRIVE study (performed in patients with 
preexisting atherosclerotic diseases) which was 
conducted in those with the HDL-C ＜34.8 mg/dL 
or TG ＞151 mg/dL, did not show an effectiveness of 
nicotinic acid derivatives in preventing the incidence 
of ASCVD when co-administered with statin. 
However, the control group of AIM-HIGH trial had a 
higher statin dose and higher ezetimibe administration 
rate; the HPS2 -THRIVE trial included patients with 
mean LDL-C levels already as low as 63 mg/dL at 
study entry, and furthermore, it included only a small 
number of subjects meeting the subanalysis criteria 
(HDL-C less than 34.8 mg/dL: 19.1%, TG 151 mg/
dL or more: 25.6%). 

The PROMINENT trial examined the effect of 
SPPARMα in combination with statins on ASCVD in 
diabetic patient with TG 200-499 mg/dL, HDL-C 
≤ 40 mg/dL, and LDL-C ≤ 70 mg/dL with statin therapy or 
LDL-C ≤ 100 mg/dL in statin intolerance. It was terminated 
midway through the study due to the no significant 
difference in the primary composite endpoint1206).

biochemically, and provide lifestyle guidance. The 
recommended frequencies of examinations are 
approximately 2 to 3 times during the first 6 months 
after the initiation of treatment and once every 3 to 6 
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4. 5 Concomitant Use with other Drugs for Prevention of atherosclerosis

BQ 22.  Does the concomitant use of statins with drugs metabolized by CYPs increase the 
incidence of adverse effects?

Since there have been many case reports of rhabdomyolysis associated with the concomitant use 
of fat-soluble statins and drugs metabolized by CYP, careful attention should be paid to the 
incidence of adverse effects when statins are used concomitantly. (Level of evidence: 3)

Biological foreign substances, such as drugs, are 
metabolized in the liver by cytochrome P450 proteins 
(CYPs). Among statins, fat-soluble statins are 
substrates for CYPs such as CYP3A4 or CYP2C9 and 
are metabolized and excreted by CYPs. Water-soluble 
statins, rosuvastatin and pravastatin, are not 
metabolized by CYPs to any significant extent.

Drugs known to be substrates for CYP include 
antifungals (fluconazole, itraconazole, etc.), macrolide 
antibacterials (erythromycin, clarithromycin, etc.), 
protease inhibitors used in the treatment of HIV, as 
well as calcium channel blockers, warfarin, nateglinide, 
glimepiride, and other drugs used in the cardiovascular 
and metabolic fields. Concomitant use of statins with 

months thereafter. In addition to lipid examinations, 
examination items must be selected from liver 
function tests (AST, ALT, γGT), muscle-related 
enzyme tests (CK), kidney function tests (BUN, Cre), 
and blood glucose-related tests (HbA1c, blood glucose 
level), considering the drugs used and the patient’s 
background. Some reports1207) suggest that 
examinations are sufficient only before drug 
administration and when symptoms develop, since it 
is difficult to detect serious complications in a timely 
manner through regular examinations. However, 
regular examinations are thought to reduce 
cardiovascular events by improving adherence and 
building a positive patient-physician relationship. In 
addition, because abnormal laboratory values and side 
effects have been reported to be more likely with 
combination therapy (statins together with fibrates or 
nicotinic acid derivatives)1207, 1208) than with 
monotherapy, regular examinations are necessary 
when combination therapy is used.

If symptoms or abnormal examination values are 
observed during statin administration, the patient 
should be treated according to the “Statin Intolerance 
Clinical Guide 2018” (https://www.jstage.jst.go.jp/
article/jat/27/4/27_50948/_pdf/-char/en)1165). When 
elevated or abnormal liver enzymes or muscle enzymes 
are observed, causes other than statins (e.g., elevated 
liver enzymes due to fatty liver or elevated muscle 
enzymes due to exercise) must be ruled out first 1209). 
Serious side effects (such as rhabdomyolysis and liver 
failure) caused by statins are very rare unless they are 
used together with fibrates and drugs that affect statin 
metabolism. A meta-analysis of 21 RCTs1210) or 30 
RCTs1211) showed that the incidence of muscle-related 
side effects was not significantly different from 
placebo. Reports from other countries indicate that 
higher doses, old age, small statue, and being female 

are at risk of muscle-related side effects1209, 1212-1216). In 
most cases, symptoms appear within six months after 
the start of statin administration1217, 1218); post-
marketing surveillances in Japan did also show the 
same results. It should also be noted that although 
very rare, some cases develop immune-mediated 
necrotizing myopathy (positive for anti-HMGCR 
antibody) or idiopathic inflammatory myositis1219, 1220). 
Although a meta-analysis of large RCTs suggests that 
statins increase the risk of diabetes (9-13% increase), 
the frequency is not high (1-2 per 1,000 patients/
year)1161, 1221-1223) and the incidence of diabetes 
increases mainly in those at high risk of developing 
diabetes (older people, metabolic syndrome, 
prediabetes, etc.)1222, 1224). Therefore, it is important to 
ensure that blood glucose-related examinations are 
performed regularly in those at high risk for 
diabetes1225). 

We need to keep in mind that although most of 
fibrates-induced creatinine elevations are reversible 
and mildly elevated, they occasionally become 
abnormally high. When nicotinic acid derivatives are 
administered, it is necessary to pay attention to the 
elevation of blood glucose levels and development of 
diabetes from metabolic syndrome, but even if they 
occur, it can be treated with appropriate treatment. As 
mentioned above, it should be noted that fibrates and 
nicotinic acid derivatives are prone to liver and muscle 
disorders when used in combination with statins.

For MTP inhibitor, an agent applicable only to 
HoFH, diarrhea and liver function abnormalities 
(fatty liver) occur at a very high rate because of its 
pharmacological effects. Therefore, monitoring with 
regular examinations is important, as drug dosages 
may need to be adjusted or discontinued. In the long 
term, the progression of liver fibrosis (cirrhosis) should 
also be kept in mind1226-1231).
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in a number of cases1233). Although this is a relatively 
small number of overseas studies and cannot be ruled out 
as a CYP effect, there is a report that when atorvastatin 
and ezetimibe were combined in patients with 
anticoagulation for atrial fibrillation, a slight reduction in 
anticoagulant dose was required in the treatment group, 
but the dose stabilized after approximately 3 months and 
did not increase complications such as bleeding1234). 

In addition to CYPs, dyslipidemia drugs are also 
affected by transporters such as breast cancer resistance 
protein, OATP1B1, OATP-C, and P-glycoprotein. 
Rosuvastatin, a water-soluble statin, is contraindicated 
in combination with cyclosporine due to increased 
blood levels, which is noted in the package insert. This 
is believed to be because cyclosporine inhibits 
transporters such as breast cancer resistance protein 
and OATP1B1 in hepatocytes, resulting in decreased 
uptake of the drug in hepatocytes.

these drugs can result in adverse events due to elevated 
blood levels and the potentiation of their effects. 
Macrolide antibacterial agents, antifungal agents, 
protease inhibitors, and bergamotine, an ingredient in 
grapefruit juice, also inhibit CYP, and their 
concomitant use may increase blood levels of statins. 
Recently, drugs that induce CYP, such as rifampicin 
and barbituric acid, are also known and their 
concomitant use with statins can reduce their efficacy. 
Statins and the main metabolic and cardiovascular 
agents metabolized by CYP are listed in Table 11.

Concomitant use of statins with drugs that are 
substrates of CYP metabolism has been reported to 
increase the AUC of blood levels of statins1232), but no 
reports examined whether side effects are enhanced in a 
search conducted since 1990. However, the incidence of 
rhabdomyolysis due to the concomitant use of statins 
with drugs that affect CYP metabolism has been reported 

BQ23.  Can the use of fixed-dose combination drugs in the treatment of dyslipidemia be 
recommended for the prevention of serum lipids and the incidence of ASCVD?

The use of fixed-dose combination drugs can be expected to improve adherence by reducing the 
number of medications taken. Although there are currently no reports that examine the 
effectiveness of fixed-dose combination drugs in improving adherence and preventing the 
incidence of ASCVD compared to prescribing each drug individually, its use can be suggested. 
(Level of evidence: 3)

Many fixed-dose combinations are used for 
metabolic and cardiovascular diseases to reduce the 
burden of medication in older people and to treat 
patients in developing countries who are prone to poor 
adherence or have difficulty accessing healthcare. In 
Japan, in addition to a statin and ezetimibe combination 
drug, a atorvastatin and amlodipine, a calcium channel 
blocker, combination drug is used for the treatment of 
dyslipidemia, and a statin and DPP4 inhibitor 
combination drug is used overseas. The use of 
combination drugs for antihypertensive and diabetes 
medications is also widespread, and combination drugs 
for GLP-1 receptor agonists and injectable insulin are 
also used in Japan. Combination drugs may improve 
patient quality of life and improve adherence to 
medications by reducing financial burden, leading to 
improved serum lipids and a reduced incidence of 

cardiovascular disease. Reports from overseas have shown 
that the use of combination drugs is more effective than 
separate prescriptions in increasing adherence1235, 1236) and 
especially in maintaining adherence when another drug 
is added to a patient taking one drug1237). In a study 
comparing a combination drug containing a statin and 
an antihypertensive drug or aspirin with a placebo, the 
combination drug was reported to improve serum lipid 
and blood pressure control1238) and also reduce the 
incidence of cardiovascular disease1239). However, so far 
we have not seen reports directly comparing each drug 
administered separately with a combination drug. 

Although the benefits of combination drugs 
compared to single agents are unknown, the use of 
combination drugs may be beneficial in terms of 
adherence, patient convenience, and healthcare 
economics in Japan’s aging population.

Table 11. Statins and Cardiovascular and Metabolic Drugs Metabolized by CYPs 

CYP Statins Metabolized by CYPs Cardiovascular and Metabolic Drugs Metabolized by CYPs 

CYP3A4 Atorvastatin Calcium channel blockers (diltiazem, verapamil, nifedipine, amlodipine, 
cilnidipine, azelnidipine, benidipine), warfarin, repaglinide＊ Simvastatin 

CYP2C9 Fluvastatin ARBs (losartan, valsartan, candesartan, irbesartan, azilsartan), warfarin, 
glinides (nateglinide, mitiglinide), glimepiride 

＊Repaglinide is mainly metabolized by CYP2C8, but CYP3A4 is also involved in some cases. 



724

JAS Guideline 2022

ASCVD. A systematic review reported in 
CochraneLibrary showed that the guidance and 
intervention of physicians and other healthcare 
professionals improved medication adherence and 
reduced total cholesterol and LDL-C by 17.15 mg/dL 
and 19.51 mg / dL, respectively, in less than 6 months, 
and total cholesterol by 17.57 mg / dL during 6 
months in the intervention group compared to the 
control group1242). The study also reported that the 
achievement of the treatment goal of 100 mg/dL for 
LDL-C was significantly correlated with adherence to 
medication, and patients who had achieved the goal 
also reported significantly higher adherence to 
medication1243). Regarding the incidence of ASCVD, 
in an overseas registry study, the OR for stroke death 
increased to 2.04 (95% CI: 1.72-2.43) in the group of 
hypercholesterolemic patients with low statin 
adherence (＜80%).  Among pat ients  with 
hypercholesterolemia complicated by hypertension, a 
1.82 (95% CI: 1.43-2.33) increase was reported in the 
statin-only non-adherent group and a 7.43 (95% CI: 
5.22-10.59) increase in the non-adherent group for 
statins and antihypertensive drugs1244). In a systematic 
review of 84 real-world studies (including a systematic 
review-up study of retrospective cohort study 
systematic review-up study), good adherence was 
associated with a reduced incidence of cardiovascular 
events and a favorable prognosis, although no data 
were collected to allow meta-analysis1245).

Adherence to medication is an important issue 
that physicians should be aware of when applying the 
results of large clinical studies to their patients. 
Although large clinical studies have demonstrated the 
efficacy of lipid-lowering therapy with statins and 
other lipid-lowering therapies in preventing the 
development of ASCVD, in actual clinical practice, if 
patients do not actually take the prescribed drugs, the 
lipid-improving effect will not be achieved, and the 
cardiovascular disease prevention effect will be 
reduced. In a retrospective cohort study of statins 
conducted overseas, the 4- to 5-year mortality rate was 
45% lower in the group with better than 90% 
adherence than in the group with less than 10% 
adherence1240). The JELIS study in Japan also reported 
a significant reduction in primary endpoints consisting 
of sudden cardiac death and fatal/non-fatal myocardial 
infarction in the group of secondary prevention 
patients who achieved 80% adherence compared to 
those who did not1241). 

In clinical studies and trials, adherence is easily 
maintained with careful guidance and follow-up by 
physicians and coordinators, but in actual clinical 
practice, patient adherence is often below 80%. An 
aspect of the impact of medication adherence is that it 
is difficult to verify in RCTs or prospective studies. 
However, retrospective studies using real-world data 
and interventions to improve adherence have also 
been reported to improve serum lipids and reduce 

4.6 Adherence, Treat to Target

BQ 24. Is medication adherence related to serum lipid levels and the incidence of ASCVD?

Good adherence to oral statins is associated with an improvement in serum lipids and a reduced 
incidence of ASCVD.(Level of evidence: 3 )

BQ 25 What factors influence drug adherence?

Factors known to influence medication adherence include age, sex, income, and the presence of 
cardiovascular disease. Continuous encouragement from health care providers and regular lipid 
examinations increase adherence. (Level of evidence: 2)

Overseas meta-analyses have found that 
adherence to statin medications varies by age, sex, 
income, and whether the patient is receiving treatment 
for comorbidities. Adherence was lower among 
women and those with low income, and showed a 
"U-shaped" distribution in terms of age, with lower 
adherence among those under age 50 and over age 70. 
Adherence was higher in secondary prevention 
patients with a history of cardiovascular disease and 
lower in primary prevention patients. More frequent 

lipid examinations and lower payments were also 
associated with good adherence1246). There are also 
differences between drugs, with anion exchange resins 
being particularly low, and fibrates, polyunsaturated 
fatty acid products of n-3, and nicotinic acid products 
are also known to be low compared to statins1247). 
Discontinuation of medication is known to occur 
most often within the first year or two of treatment 
and then declines. Adherence after statin treatment 
evaluated by PDC (proportion of days converted) was 
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interventions that have shown a reduction in 
cardiovascular events have not been reported.

Recognizing the target population with low 
adherence, such as women, young and old, and 
primary prevention patients, in addition to providing 
guidance on lifestyle modification, such as diet and 
exercise therapy, it is necessary for medical personnel 
to carefully explain the relationship between 
dyslipidemia and the incidence of cardiovascular 
disease, and to make efforts to help them understand 
the purpose of treatment. It is important to repeatedly 
explain the need for treatment and to prevent 
interruptions, especially during the first year or two 
after the treatment is started.

When prescribing medications, the number of 
doses should be kept to a minimum, and the timing 
of dosing, such as before or after meals, should be as 
easy as possible. Because the use of compound drugs is 
known to increase adherence compared to separate 
prescriptions1235), the use of compound drugs can be 
considered in patients who require the administration 
of multiple drugs. Low self-payment for drugs is also 
associated with adherence. A US cohort study 
comparing brand-name and generic statin patients 
reported not only better adherence but also fewer 
composite endpoints consisting of hospitalization for 
ACS and stroke and total mortality in patients 
prescribed generics1257).

reported to be 79% at 3 months and 50% at 1 year, 
but 42% at 10 years1248) (Table 12 1249)). In the 
IMPROVE-IT study, the dropout rate was highest 
early after inclusion (within 30 days), then decreased 
and reached a steady state after 1 year1250). In clinical 
research and trials, adherence is good with strict 
medication management by coordinators, but in real-
world clinical practice, it is not as high, and the 
discontinuation rate is higher. 

To increase patients’ drug adherence, it is 
effective to encourage not only physicians but also 
nurses, pharmacists, and other team medicine 
personnel  to work together.  Motivat ional 
i n t e r v i e w i n g 1251),  t e l e p h o n e  c o a c h i n g  b y 
pharmacists1252), reminder apps1253), and financial 
rewards1251) were reported to improve medication 
adherence. Although the mechanism is unknown, it 
has been suggested that vitamin D decreases statin-
induced muscle pain. Vitamin D administration did 
not change the adherence to statin medication, but 
was reported to decrease discontinuation of 
medication1254). Regular lipid examinations have also 
been reported to increase adherence1246). Lifestyle 
management through interviews and personalized 
medication adjustments by nurses and physicians1255), 
and telephone guidance by pharmacists1256) not only 
improved adherence, but also significantly reduced 
LDL-C in the intervention group. Adherence 

BQ 26.  Is lipid management by setting a control target (or a goal for cholesterol-lowering 
rate) effective in preventing ASCVD?

Lipid management of the targeted LDL cholesterol level is an appropriate policy in clinical 
practice and can be recommended. (Level of evidence: 1)

The efficacy of statin-based LDL-C lowering 
therapy in preventing atherosclerotic disease has been 

demonstrated in many clinical studies, including a 
meta-analysis331) by the Cholesterol Treatment Trialists 

Table 12. Overseas Reports on Adherence to Dyslipidemia Medications

Name of Country Sample Size Adherence Reference

United States 19,422 1 year: 30%
2 years: 20%
3 years: 25%

Mann DM, Woodward M, Muntner P, Falzon L, Kronish I: Predictors of 
nonadherence to statins: a systematic review and meta‐analysis. Ann 
Pharmacother, 2010; 44: 1410‐ 1421

United Kingdom 6,262 1 year: 66%
5 years: 75%
10 years: 68%

Wiegand P, McCombs JS, Wang JJ: Factors of hyperlipidemia medication 
adherence in a nationwide health plan. Am J Manag Care, 2012; 18: 193-199

United States 4,776 6 months: 80%
1 year: 74%
2 years: 65%
3 years: 61%

Helin-Salmivaara A, Lavikainen P, Korhonen MJ, Halava H, Junnila SY, 
Kettunen R, Neuvonen PJ, Martikainen JE, Ruokoniemi P, Saastamoinen LK, 
Virta L, Huupponen R: Long-term persistence with statin therapy: a nationwide 
register study in Finland. Clin Ther, 2008; 30 Pt 2: 2228-2240

United States 34,501 3 months: 79%
6 month: 56%
1 years: 50%
10 years: 42%

Benner JS, Glynn RJ, Mogun H, Neumann PJ, Weinstein MC, Avorn J: Long-
term persistence in use of statin therapy in older patients. JAMA, 2002; 288: 
455-461
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comparing LDL-C ＜70 mg/dL vs. 90-110 mg/dL in 
secondary prevention of cerebral infarction showed a 
significant reduction in cardiovascular events in the 
group targeting LDL-C 70 mg/dL353). Since nearly 
30% of the registrants are Korean, the data are also 
considered to be of significance to the Japanese. In a 
J-STARS subanalysis of secondary stroke prevention 
in Japan, the 80-100 mg / dL LDL-C subgroup had 
the fewest subsequent events1262), and further LDL-C 
lowering therapy did not prove to be justified. In the 
EMPATHY study, also conducted in Japan, an RCT 
divided high-risk patients with diabetic retinopathy 
into two groups, one targeting LDL-C below 70 mg/
dL and the other targeting LDL-C between 100 and 
120 mg/dL, and failed to show a significant treatment 
effect, probably because LDL-C in the strong 
treatment group remained at an average of 76 mg/
dL1106). Although this study did not use PCSK9 
inhibitors, it is evidence that achieving LDL-C less 
than 70 mg/dL is difficult with high-dose statins 
alone. 

Although there are no studies that directly 
compare so-called treat-to-target versus fire-and-
forget1261), meta-analyses331, 332) based on studies 
comparing statins with no statins, as well as high and 
low statin doses, have shown that lowering LDL-C 
improves cardiovascular events and life expectancy, 
and has demonstrated the safety of the treatment1263). 
On the other hand, it has been reported that the 
achievement rate of LDL-C below 70 mg/dL with 
high-dose statins alone is only about 60%1264), so it is 
not uncommon for LDL-C reduction to be 
insufficient in daily clinical practice, and fire and 
forget with statins alone has its limitations. On the 
contrary, fire and forget with the addition of a PCSK9 
inhibitor or ezetimibe is also not cost-effective or 
appropriate, as not all high-risk cases require the 
addition of all drugs to achieve adequate reduction in 
LDL-C. Considering that elevated LDL-C after 
initiation of lipid-lowering therapy (the so-called 
escape phenomenon) is an independent factor in the 
incidence of subsequent events1265) and that statin 
intolerance has also been reported to affect secondary 
prevention1266), treat-to-target is a realistic lipid-
lowering therapy in clinical practice.

published in 2010. Current European and US 
guidelines also recommend strong lipid-lowering 
therapy with high-dose statins, PCSK9, and ezetimibe, 
basically for high-risk primary and secondary 
prevention cases456, 457). Of these, the European (ESC/
EAS) guidelines, like those of Japan, provide a risk-
based LDL-C control target value457), while the US 
(AHA / ACC) guidelines do not present LDL-C as a 
control target value, but rather present the amount of 
statin to be administered according to risk and the 
corresponding rate of decrease in LDL-C456). 

In the US, the 2013 ACC/AHA guidelines 
established a so-called “fire and forget” policy, in 
which the amount of statin to be administered is 
suggested based on risk assessment after defining a 
group of patients who would benefit the most from 
statins, and no target LDL-C level is established 
during treatment is set1258). Subsequently, however, the 
Improve- IT Study 1142) and  the  ODESSAY 
OUTCOMES Study1144) have shown that additional 
therapy to lower LDL-C with the addition of 
ezetimibe or a PCSK9 inhibitor to high-dose statins 
can reduce the incidence of cardiovascular events, 
especially in high-risk patients after ACS. In light of 
this, the European and Japanese guidelines have since 
continued to provide target values for the control. The 
2018 guidelines in the United States also indicate the 
rate of decrease in LDL-C along with the statin dose, 
and if the target rate of decrease is not reached, the use 
of drugs other than statins is to be considered.

An overseas study that examined the significance 
of targeted lipid-lowering therapy (treat to target) in 
addition to high-dose statin administration showed 
that a 50% or more LDL-C lipid reduction had an 
additive event-improving effect, but achieving less 
than 70 mg/dL was not an independent prognostic 
factor1259). On the other hand, since the rate of 
reduction in LDL-C depends on baseline LDL-C and 
the presence or absence of FH, the evaluation based 
only on this may not be fair1260). There have been no 
RCTs, let alone systematic reviews or meta-analyses, 
on direct comparisons between setting control targets 
or not1261).

Since 2016, there have been several RCTs 
examining LDL-C targets, although not comparing 
treat to target vs. fire and forget. In France, a trial 

5. Management of Major High-Risk Pathologies
5.1 History of CAD

In the presence of ACS, familial hypercholesterolemia, diabetes mellitus, or atherothrombotic 
cerebral infarction, LDL cholesterol should be more strictly controlled, as patients with a history 
of CAD are at particularly high risk for the incidence of ASCVD.



727

   

the combination of statin and ezetimibe with statin 
monotherapy, and the addition of ezetimibe was 
reported to reduce LDL-C to 53.7 mg/dL and prevent 
cardiovascular events by an additional 6.4% compared 
to statin therapy alone. The FOURIER study1143), 
which examined cardiovascular outcomes with 
evolocumab, a powerful inhibitor of PCSK9 lowering 
LDL-C, reported that in patients with atherosclerotic 
cardiovascular disease treated with optimal lipid 
lowering therapy (equivalent to at least 20 mg of 
atorvastatin), LDL -C decreased from 92 mg/dL to 30 
mg/dL and there was a 15% reduction in 
cardiovascular events compared to the placebo group. 
In the ODYSSEY OUTCOME study1270) conducted 
in patients post-ACS with LDL-C ＜70 mg / dL even 
with a statin maximally tolerated, the PCSK9 
inhibitor alirocumab, when used to control LDL-C to 
25-50 mg/dL, reduced the risk of cardiovascular 
events by 15% compared to statin treatment alone. 
(Alirocumab is currently not used in Japan.) The 
combination of statins with ezetimibe or PCSK9 
inhibitors did not increase adverse events due to 
marked reduction in LDL-C and significantly reduced 
cardiovascular events.

In Japan, the efficacy of early LDL-C lowering 
therapy in ACS has been studied by observation of 
coronary artery plaque using intravascular ultrasound 
(IVUS). In the ESTABLISH study1109), strict therapy 
for LDL-C reduction with atorvastatin 20 mg from 
the onset of ACS resulted in a mean reduction in 
LDL-C to 70 mg/dL and a 13.1% reduction in plaque 
volume after 6 months. Changes in plaque volume 
were also reported to be significantly positively 
correlated with LDL-C and the rate of reduction in 
LDL-C after treatment. The study also reported that 
early strict LDL-C-lowering therapy significantly 
reduced cardiovascular events after additional case 
follow-up (average 4.2 years)1134). Furthermore, the 
JAPAN-ACS trial showed that early and strict LDL-C 
lowering therapy with high-intensity statins for ACS 
was effective in inhibiting plaque progression, but did 
not show a significant relationship between the rate of 
change in LDL-C before and after treatment or post-
treatment LDL-C and plaque regression rate1110). 
Although these studies showed results using high 
intensity statins after the incidence of ACS, the 
PRECISEIVUS study1113) reported that the 

Patients with a history of CAD should be treated 
with the goal of LDL-C less than 100 mg/dL. 
However, coronary atherosclerosis is accelerated by the 
accumulation of coronary risk factors such as 
hypertension, dyslipidemia, and diabetes. Among 
patients with a history of CAD who are already at 
high risk, those with the four conditions listed in 
Table 13 are at particularly high risk for the incidence 
of ASCVD; acute coronary syndrome (ACS), FH, 
diabetes mellitus, atherothrombotic cerebral 
infarction, or other cerebral infarction with obvious 
atherosclerosis (＞50% stenosis of the intracranial or 
extracranial arteries or composite atheromatous 
lesions). Therefore, strict management with a goal of 
less than 70 mg/dL LDL-C with high-intensity statins 
should be used.

1) Acute Coronary Syndrome
Patients who have had a incidence of ACS are at 

an even higher risk of recurrent cardiovascular events 
than patients with stable CAD. In the OACIS-LIPID 
study338), which examined the effect of early statin 
therapy on the prevention of cardiovascular events in 
patients with acute myocardial infarction in Japan, the 
incidence of all-cause mortality and non-fatal 
myocardial infarction was 40/1,000 person-years in 
patients treated with lipid lowering therapy other than 
statins, while the statin group also had a significantly 
higher incidence of cardiovascular events at 30/1,000 
person-years. The PACIFIC study340), a multicenter 
registry observational study of patients with ACS, 
showed a high incidence of fatal and nonfatal 
myocardial infarction (＞35/1,000 person-years) 
despite statins in approximately 80% of cases. 
However, it has been reported that LDL-C lowering 
therapy with high-intensity statins from the early stage 
of ACS incidence is effective in preventing 
cardiovascular events1267) and that LDL-C lowering 
therapy more severe than usual is effective in 
preventing cardiovascular events1268). A meta-analysis 
of RCTs in which statins were initiated within 14 days 
after ACS incidence did not show evidence of 
prevention of cardiovascular events in the short term 
of 4 months1269), but there was a significant reduction 
in cardiovascular events during a 2-year observation 
period1133).  Regarding the target of LDL-C 
management, the IMPROVE-IT trial1141) compared 

Table 13.  Conditions requiring particularly strict management in patients with a history of CAD 

1. Acute Coronary Syndrome 

2. Familial Hypercholesterolemia 

3. Diabetes 

4. Complicated with atherothrombotic cerebral infarction (including other cerebral infarctions with obvious atheroma) 
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because ethical considerations make it difficult to 
conduct randomized controlled trials in patients with 
secondary prevention of FH, Since patients with CAD 
who have FH have a higher risk of recurrence than 
non-FH patients, it is recommended that LDL-C be 
promptly lowered and strictly controlled in the 
prevention of the incidence of CAD for FH. 
Additional LDL-C lowering effects have been reported 
with the addition of PCSK9 inhibitors in patients 
with heterozygous FH treated with statins and 
ezetimibe1276, 1277), however, the effect of their 
combination on the reduction of cardiovascular events 
compared to statin therapy alone is not yet clear.

3) Diabetes Mellitus
In patients with a history of myocardial infarction, 

the risk of recurrent cardiovascular events has been 
reported to increase with diabetes mellitus208, 1278-1280). 
The Finnish study200) followed diabetic patients with a 
history of myocardial infarction for 7 years and found 
that reinfarction of myocardial infarction occurred in 
45% of diabetic patients, compared to 18.8% of non-
diabetic patients. Furthermore, it has been shown that 
the incidence of myocardial infarction in diabetic 
patients without CAD is comparable to the incidence 
of recurrent myocardial infarction in non-diabetic 
patients with CAD. Epidemiological studies of 
patients with CAD in Japan have also reported a 
higher risk of total mortality and cardiovascular events 
in diabetic patients209, 335, 1281). An analysis of the J-LIT 
trial in patients with CAD, a large cohort study of 
low-dose simvastatin in hyperlipidemic Japanese 
patients, also showed an approximately 2.5-fold 
increase in the relative risk of cardiovascular events 
with concomitant diabetes90). According to a meta-
analysis1280) of CholesterolTreatment Trials (CTT) 
collaborators using 14 randomized controlled trials of 
statins, a significant reduction in the incidence of 
major vascular events has been observed with statin-
based LDL-C lowering therapy, equally in patients 
with and without diabet ic  complicat ions. 
Furthermore, its event suppressing effect was shown to 
correlate with the absolute decrease in LDL-C. A 
subanalysis1282) of the TNT study in patients with 
CAD complicated by diabetes reported that high-dose 
statin treatment significantly reduced cardiovascular 
and cerebrovascular events by 25% and 31%, 
respectively, compared to regular-dose statin 
treatment. Furthermore, the REALCAD study1115) 
comparing the effect of high-intensity statins with 
pitavastatin 1 mg and 4 mg in Japanese patients with 
stable angina pectoris, including 40% diabetic 
patients, showed a 19% reduction in cardiovascular 
events. 

combination of a statin with ezetimibe reduced 
LDL-C to less than 70 mg/dL, resulting in plaque 
volume in patients with ACS reported to regress 
significantly compared to statin monotherapy. On the 
other hand, the HIJ-PROPER study341) compared the 
effect of active treatment with standard-dose statin 
plus ezetimibe in patients with ACS aiming at LDL-C 
below 70 mg/dL with that of standard-dose statin 
alone to control LDL-C at 90-100 mg/dL to prevent 
cardiovascular events. Ezetimibe combination therapy 
aimed at lower LDL-C targets showed a trend towards 
a lower risk of cardiovascular events compared to 
statin therapy alone, but the difference was not 
significant. These results suggest that it is desirable to 
start treatment of patients with ACS with high-
intensity statins early in the incidence to achieve an 
LDL-C of less than 70 mg/dL. Because LDL-C may 
be temporarily low immediately after the incidence of 
ACS, early administration of a tolerable high intensity 
statin is recommended, regardless of preintervention 
LDL-C levels. Furthermore, although data in Japan 
are insufficient, large overseas clinical trials have 
shown the efficacy of high-intensity statins in ACS 
patients with LDL-C less than 70 mg/dL, and 
aggressive treatment aimed at even lower levels may be 
effective.

2) Familial Hypercholesterolemia
The EXPLORE-J study1271), a prospective 

observational study of lipid risk in Japanese patients 
with ACS, showed that FH was present in 2.7% of 
patients with ACS, at least 5 times more frequently 
than in the normal population. The incidence of 
cardiovascular events has been reported to be related 
to the sum of lifetime LDL-C (cumulative LDL-C)1272), 
and patients with FH have high levels of LDL-C from 
birth and reach threshold levels at a young age. 
Compared to hyper-LDL cholesterolemia without 
genetic background, the degree of increase in LDL-C 
is marked and the progression of ASCVD is rapid, so 
the risk of premature incidence of CAD is extremely 
high. Therefore, although early diagnosis and early 
treatment are desirable for FH, it is often not actively 
treated because it is currently not well recognized and 
may go unnoticed because lipid-lowering drugs are 
already being administered.

Observational studies have shown that statin-
induced LDL-C reduction therapy for FH reduces the 
risk of cardiovascular events and delays their 
incidence1273, 1274). And a 20-year follow-up of statin-
treated children with FH was also reported to inhibit 
the progression of carotid artery thickening and 
reduce the risk of cardiovascular disease1275). Although 
there is no clear evidence regarding numerical targets 
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disease, and peripheral arterial disease, all of which 
have atherosclerosis as a common basis for their 
incidence, are mutually high-risk conditions for 
vascular complications. The REACH registry, a 
registry study of patients with ASCVD (CAD, 
cerebrovascular disease, and PAD) or overlapped 
atherosclerotic risk factors, found that approximately 
16% of cases were complicated by two or more 
ASCVDs1287). A comparison of the CREDO-Kyoto 
database in Japan and the Texas Heart Association 
database in the United States, a registry study of 
patients who underwent coronary revascularization 
surgery, showed that the complication rate of 
cerebrovascular disease was significantly higher in 
Japan (16.4% vs. 5.0%) and that cerebrovascular 
disease was a high-risk condition for the development 
of cardiovascular events in both Japan and the United 
States1281). The results of secondary prevention trials of 
CAD conducted in Europe and the United States, 
such as 4S, LIPID, and CARE, have shown that 
patients with CAD with a history of cerebrovascular 
disease have a higher risk of recurrent cerebrovascular 
and cardiovascular events, but that statin-lowering 
therapy of LDL-C reduces the risk of recurrent 
cerebrovascular and cardiovascular events1288-1290).

A meta-analysis of clinical trials conducted 
overseas using IVUS reported that diabetes mellitus 
was an independent risk in patients with coronary 
plaque development despite treatment with LDL-C 
below 70 mg/dL1283). A significant positive correlation 
has been found between the development of coronary 
plaque volume and the incidence of cardiovascular 
events and post-treatment LDL-C, suggesting that a 
more stringent LDL-C lowering therapy is important 
in patients with CAD complicated by diabetes. A 
subanalysis of the Japan-ACS study1284) conducted in 
Japan in ACS also showed that diabetes mellitus was a 
strong negative risk of plaque regression, and diabetic 
patients had a markedly lower rate of plaque 
regression, even though their LDL-C was controlled 
to the same degree as that of non-diabetic patients. 
However, significant plaque regression has been 
reported when LDL-C is controlled below 75 mg/
dL1285). A subanalysis1286) of the IMPROVE-IT trial, 
which compared diabetic and non-diabetic patients, 
showed that lowering LDL-C more with additional 
ezetimibe resulted in stronger cardiovascular event 
prevention in high-risk patients with diabetes.

4) Atherothrombotic Cerebral Infarction
ASCVD, including CAD, cerebrovascular 

5.2 Diabetes Mellitus

FQ23.  Is comprehensive strict control of blood glucose, lipid, and blood pressure 
recommended for patients with diabetes from the early stage?

Since patients with diabetes often have multiple risk factors, comprehensive strict management 
of blood glucose, lipid and blood pressure is recommended from the early stage of the disease. 
(Level of evidence: 1, Level of recommendation: A)

1) Risk Factors for ASCVD 
Risk factors for primary prevention of ASCVD 

include LDL-C and TG for CAD and systolic blood 
pressure for stroke in the JDCS patients with type 2 
diabetes in Japan268). Other Japanese and international 
studies have identified low HDL-C, high HbA1c, 
smoking, and high Lp(a) levels as risk factors1291, 1292). 
The comprehensive management of these risk factors 
is important for the prevention of ASCVD in patients 
with diabetes. In patients with metabolic syndrome, 
interventions focusing on lifestyle modification are 
especially recommended.

2) Blood Glucose
Meta-analysis has shown that enhanced glycemic 

control reduces the incidence of ASCVD1293, 1294). In 
the UKPDS, the study of early stage type 2 diabetes, 
the intensive glucose lowering for approximately 10 

years did not show differences in the incidence of 
ASCVD compared to the standard care group. 
However, about 10 years after the end of the 
intervention, the incidence of acute myocardial 
infarction and total mortality were significantly 
reduced in intensive care group1295). DCCT/EDIC 
showed that a significant reduction in total mortality 
was observed 15 years after the end of intervention in 
the patients with type 1 diabetes1296). Thus, it takes a 
long period of time to show a beneficial effect of 
intensive glucose control on the incidence of ASCVD, 
and good glycemic control from early stage might 
improve long-term prognosis1295, 1297). On the other 
hand, strict glycemic control increases the risk of 
hypoglycemia1294).  The occurrence of severe 
hypoglycemia and hypoglycemia-related arrhythmias 
might be associated with the development of 
cardiovascular death1298, 1299), thus it requires close 



730

JAS Guideline 2022

4) Blood Pressure
High blood pressure in patients with diabetes is a 

risk of ASCVD1308). NIPPON DATA80 also shows 
that higher blood pressure at the beginning of 
follow-up in patients with diabetes increases the 
absolute risk of death from ASCVD286). In a meta-
analysis, the efficacy of antihypertensive therapy was 
observed in cerebrovascular disease. However, in 
CAD, the risk reduction was limited, as it was only 
observed in the group with high blood pressure before 
starting treatment1309, 1310).

5) Comprehensive Risk Management
The importance of comprehensive and early 

management of risk factors such as hyperglycemia, 
hypertension, dyslipidemia, smoking in the prevention 
of ASCVD in patients with diabetes has been 
demonstrated in the Steno-2 study1311, 1312). The 
standard therapy include diet894), exercise1313) and 
smoking cessation161). However, the LOOK AHEAD 
study in the USA, in which lifestyle interventions were 
continued for more than 9 years, did not show 
supression of cardiovascular events despite HbA1c and 
other factors were improved1314). Although there is no 
clear evidence that lifestyle modification alone reduces 
the incidence of ASCVD or mortality in patients with 
diabetes1315), the JDCS suggests that combination of 
lifestyle modification and pharmacotherapy is effective 
in suppressing ASCVD1053). In the J-DOIT3 study, 
2,542 Japanese patients with type 2 diabetes mellitus 
were randomized to conventional therapy or intensive 
therapy aimed at better control of HbA1c, blood 
pressure, LDL-C, and obesity. Although there was no 
statistically significant difference in the primary 
ou t come  (myoca rd i a l  i n f a r c t i on ,  s t roke , 
revascularization or death), a significant reduction in 
incidence was observed in the intervention group 
when predetermined adjustment was performed for 
factors such as smoking (hazard ratio 0.76, 95% CI 
0.59-0.99), demonstrating the importance of 
comprehensive risk management in Japanese patients1316).

attention to hypoglycemia, especially in older 
people1300). Several types of diabetes drugs have been 
reported to have supressive effects on the development 
of ASCVD. Multiple trials showed SGLT2 
inhibitors1301, 1302) and GLP-1 receptor agonists1303-1305) 
have reduced the incidence of ASCVD, particularly in 
subjects with high-risk and secondary prevention.

According to the study of Japanese older people, 
J-EDIT, the risk of stroke incidence was 2.63 times 
higher in the group with HbA1c of 8.5% or higher 
compared to the group with HbA1c of 7.0% to 8.4%, 
while the risk was 2.35 times higher in the group with 
HbA1c less than 7.0%. Uniformly targeting HbA1c 
reduction should be avoided in older patients with 
diabetes, and attention should be paid not only to 
hyperglycemia but also to the possibility of 
hypoglycemia underlying excessive glycemic 
control1306).

3) Lipids
Patients with diabetes frequently show hyper-

LDL cholesterolemia, hypertriglyceridemia, and hypo-
HDL cholesterolemia. In the JDCS , the hazard ratio 
of CAD increased by 1.49 for each 1 SD increase of 
LDL-C268). In a meta-analysis including CARDS1307) 
and other studies, LDL-C lowering therapy by statins 
significantly reduced the risk of death from 
cardiovascular disease and cerebral infarction in 
patients with diabetes, and the effect was comparable 
to that in patients without diabetes1280). In the JDCS, 
each 1 SD increase in the logarithm of TG lead to a 
54% increase in CAD. FIELD, which examined the 
effect of a fibrate on cardiovascular disease, found no 
significant difference in the primary CVD outcome, 
but a 24% reduction in the incidence of nonfatal 
myocardial infarction was observed1126). In UKPDS23, 
fatal myocardial infarction increased by 19% for 
patients who has HDL-C less than 38 mg/dL1291).

FQ24.  Is strict LDL cholesterol management recommended in patients with diabetes 
complicated by PAD, microangiopathy (retinopathy, nephropathy, neuropathy), or in 
the presence of smoking, along with management of other risk factors?

In patients with diabetes complicated by PAD, microangiopathy (retinopathy, nephropathy, 
neuropathy), or in the presence of smoking, we suggest targeting LDL-C less than 100 mg/dL 
along with management of other risk factors. (Level of evidence: 1, Level of 
recommendation: B)

In primary prevention of ASCVD, patients with 
diabetes are classified as a high-risk group based on 
the scoring using the Hisayama study data. In the 

2017 edition of this guideline, their treatment goals 
are less than 120 mg/dL of LDL-C and 150 mg/dL of 
non-HDL-C. In addition, as indicated in BQ7, the 
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group, with a reduction of 37% in major cardiovascular 
events and a 27% reduction of all-cause mortality1307).

In the Steno-2 extension study, a comprehensive 
intensified lipid, glucose and blood pressure treatment 
was compared to a standard therapy in patients with 
type 2 diabetes with microalbuminuria. LDL-C was 
124 mg/dL in the standard group versus 86 mg/dL in 
the intensified group after a mean intervention period 
of 7.8 years. After 13.3 years of observation, the 
intensified therapy group had a reduction of 57%, 
59%, 46% in cardiovascular death, cardiovascular 
events and all-cause mortality, respectively1312). 

In an analysis of 5,963 patients with diabetes at 
high risk of cardiovascular events in HPS, simvastatin 
treatment led to a 22% reduction in the first 
cardiovascular events. In this study, 49% of patients 
with diabetes did not have a history of CAD and 18% 
had vascular disease without CAD. The mean LDL-C 
after simvastatin treatment was 89.7 mg/dL, a decrease 
of 39 mg/dL compared to placebo. In patients with 
diabetes who had no ASCVD at entry, the first 
cardiovascular events occurred in 9.3% of the statin 
group, compared to 13.5% in the placebo group. In 
addition, in high-risk patients with diabetes who had 
vascular diseases other than CAD (cerebral infarction, 
PAD, etc.), occurrence of cardiovascular events was 
significantly less frequent in the statin group 
compared to the placebo group (25.6%in statin group 
vs 32.9% placebo group)1318).

SPARCL study included 4,731 patients with a 
history of stroke or TIA and no CAD to assess the 
effect of high-dose atorvastatin in preventing recurrent 
strokes and cardiovascular events1319). In a post hoc 
analysis of 794 patients with diabetes and 642 patients 
with metabolic syndrome, mean LDL-C was reduced 
to 79.6 mg/dL in the 80 mg atorvastatin group compared 
to 115.5 mg/dL in the placebo group. The results 
showed a significant reduction in CAD, cardiovascular 
events, and any type of revascularization therapy1320).

Treat Stroke to Target study examined the 
incidence of major cardiovascular events in 2,860 
patients with TIA or ischemic stroke. The patients 
were randomized to intensive therapy group targeting 
LDL-C ＜70 mg/dL and standard therapy group 
targeting LDL-C 90-110 mg/dL. In the overall 
analysis, the intensive therapy group showed a 
significant 22% cardiovascular event reduction, and 
sub analysis of 643 patients with diabetes showed 
significant 40% reduction353).

These studies from Europe and United States 
indicate that suppressing LDL-C to at least less than 
100 mg/dL is effective in the primary prevention of 
patients with diabetes who have risk factors such as 
retinopathy, nephropathy, cerebrovascular disease, 

risk of CAD is particularly high in the presence of 
FH, noncardiogenic cerebral infarction (especially 
atherothrombotic cerebral infarction), PAD, 
microangiopathy (retinopathy, nephropathy and 
neuropathy), or in the presence of smoking. Most 
randomised controlled trials in patients with diabetes 
who have these risk factors are performed in Western 
countries, however in conjunction with Japanese trials, 
the data suggest that lowering LDL-C to less than 100 
mg/dL is appropriate in Japanese patients with 
primary prevention, as discussed below. The 
management targets for patients with diabetes with 
noncardiogenic cerebral infarction or FH are described 
in Chapter 3, 3.1 and Chapter 4, respectively.

Although the 2019 U.S. guidelines do not set an 
explicit goal for LDL-C based on cardiovascular risk, 
moderate or strong statins are recommended for 
patients with diabetes aged 40-75 years, regardless of 
lipid levels1317). On the other hand, the European 
ESC/EAS guidelines recommend a control target of 
LDL-C less than 100 mg/dL for all patients with type 
2 diabetes. Furthermore, targeting LDL-C less than 
70 mg/dL is recommended for high risk patients who 
have additional risk factors or more than 10 years’ 
diabetes duration, and 55 mg/dL for very high risk 
patients who have organ damages or three or more 
risk factors457). Thus, in Europe and the United States, 
there is a consensus on strict lipid management for 
primary prevention in patients with diabetes.

Evidence from Western Country on Primary 
Prevention in Patients with Diabetes

In the CTT Collaboration, a meta-analysis of 14 
RCTs (4S, WOSCOP, CARE, Post-CABG, AFCAPS/
TexCAPS, LIPID, GISSI-P, LIPS, HPS, PROSPER, 
ALLHAT-LLT, ASCOT-LLA, ALERT, CARDS), a 
sub-analysis of patients with diabetes demonstrated 
that lowering LDL-C by 39 mg/dL with statins 
significantly reduced major cardiovascular events by 
21%, all-cause mortality by 9%, and cerebrovascular 
events by 21%, and this effect was not different 
between patients with diabetes (18, 686 patients) and 
non-diabetes (71,370 patients). In this study, 63% of 
patients with diabetes had no history of cardiovascular 
events, and the event-suppressing effect was observed 
for both primary and secondary prevention1280). 

In CARDS, the efficacy of atorvastatin 10 mg/
day was studied in patients with type 2 diabetes 
without a history of CAD who showed LDL-C less 
than 160 mg/dL and TG less than 600 mg/dL and 
had one or more risk factors such as retinopathy, 
albuminuria, current smoking and hypertension. After 
4 years, LDL-C decreased to 81.6 mg/dL in the 
atorvastatin group versus 120.7 mg/dL in the placebo 
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1) Frequency of Incidence
Cerebrovascular disease is classified into three 

types (cerebral hemorrhage, cerebral infarction, and 
subarachnoid hemorrhage). According to Stroke Data 
Bank 2021, the incidence of cerebrovascular disease 
by type in Japan is reported to be 19.5% for cerebral 
hemorrhage, 6.5% for subarachnoid hemorrhage and 
74.0% for cerebral infarction1321). Compared to the 
incidence of cerebrovascular disease by type in Europe 
and the United States, hemorrhage is still more 
common and cerebral infarction is relatively less 
common1322).

Cerebral infarction is further classified into three 
clinical types (lacunar infarction, atherothrombotic 
cerebral infarction, and cardiogenic cerebral 
embolism). In J-MUSIC published in 2000, lacunar 
infarction was reported in 38.8%, atherothrombotic 
cerebral infarction in 33.3%, and cardiogenic cerebral 
embolism in 21.8%1323), and in Stroke Data Bank 
2021, lacunar infarction was reported in 28.2%, 
atherothrombotic cerebral infarction in 31.5%, and 
cardiogenic cerebral embolism in 28.8 1321). A 2011 
Shiga Prefecture survey of the general population 
reported 155.3 total strokes, 99.8 cerebral infarctions, 
39.3 cerebral hemorrhages and 14.3 subarachnoid 
hemorrhages per 100,000 population, with 25.1 
lacunar infarctions, 31.3 atherothrombotic cerebral 
infarctions, 25.3 cardiogenic cerebral infarctions and 

5.3 Cerebrovascular Disease

To prevent recurrent cerebral infarction complicated by atherosclerosis, aim to manage LDL 
cholesterol to less than 100 mg/dL.

18.1 other types of cerebral infarctions1325). and 18.1 
other cerebral infarctions1324). The frequency of 
cerebral infarction in Europe and the United States 
(Caucasians) is reported to be approximately 30% for 
both lacunar infarction and atherothrombotic cerebral 
infarction, and approximately 40% for cardiogenic 
cerebral infarction1325). In Japan, atherothrombotic 
cerebral infarction is believed to account for about 
30% of al l  cerebral  infarctions based on 
atherosclerosis.

2) Risk Factors for Incidence
According to the results of NIPPON DATA80, 

the factors that influence cerebrovascular disease 
mortality in the Japanese population are age, systolic 
blood pressure, smoking, and hyperglycemia, while 
lipid levels such as TC are not considered risk58). 
Similarly, a summary of 61 observational studies in 
Europe and the United States (about 900,000 
subjects) found no relationship between TC and 
cerebrovascular disease mortality1326). A meta-analysis 
of 18 cohort studies in Japan and China also showed 
that blood pressure is the most important risk factor 
for cerebrovascular disease and that TC involvement is 
considerably lower than blood pressure1327).

When examined individually, the risk factors for 
hemorrhage are hypertension, heavy drinking, 
smoking, and antithrombotic drug use, while for 

peripheral arterial disease, and in the presence of 
smoking.

Japanese Evidence on Primary Prevention in 
Patients with Diabetes

On the other hand, EMPATHY, which 
compared intensified therapy (target LDL-C ＜70 
mg/dL) with standard therapy (target LDL-C 100-
120 mg/dL) in 5,042 Japanese patients with type 2 
diabetes with retinopathy and no history of CAD, no 
significant differences were observed in composite 
cardiovascular coutcomes after a mean follow-up of 37 
months. The mean LDL-C during the study period 
was 76.5 mg/dL in the intensified therapy group and 
104.1 mg/dL in the standard therapy group. However, 
the relationship between LDL-C reduction and event 
reduction rate was consistent with the prediction from 
previous studies. Also, an exploratory analysis showed 
a 48% reduction in cerebral events in the intensified 

therapy group1106). 
In J-DOIT3 , which examined the effectiveness 

of comprehensive intensified therapy for blood 
glucose, lipids, and blood pressure in Japanese  
patients with type 2 diabetes with hypertension, the 
mean LDL-C was 85 mg/dL in the intensified therapy 
group and 104 mg/dL in the standard therapy group. 
In the intensified therapy group, the composite 
primary endpoint of all-cause mortality, coronary 
events, and cerebrovascular events was significantly 
reduced by 24% after adjustment. In addition, 
cerebrovascular events were significantly less frequent 
by 58% in a post hoc analysis1316). 

These studies provide a good basis for lipid-
lowering therapy with treatment goals less than 100 
mg/dL of LDL-C for the primary prevention of 
Japanese patients with type 2 diabetes at risk of 
cardiovascular events.
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inhibitor (evolocumab) in 27,564 patients with a 
history of atherothrombosis, the treatment group had 
a decrease in LDL-C to 30 mg/dL over a mean 
follow-up period of 2.2 years, but did not have an 
increased risk of hemorrhage1143). In many countries, 
including Japan, it has also been shown that the 
incidence of cerebral infarction increases with lower 
HDL-C levels54, 84, 1338, 1339).

Many reports have not shown a certain 
relationship between TG and cerebrovascular 
disease1336, 1340, 1341). On the other hand, a positive 
correlation between TG and the risk of cerebral 
infarction was observed in China1330), and a meta-
analysis of epidemiological studies in the Asia-Pacific 
region reported a 50% increased risk of ischemic 
stroke in the highest TG group compared to the 
lowest group97) when fasting TG was divided into 4 
groups.

A cohort study of approximately 14,000 
individuals reported an increased frequency of 
ischemic stroke in both men and women with non-
fasting hypertrigceridemia1342). The results indicate 
that a 1 mmol/L (88.5 mg/dL) increase in non-fasting 
TG results in a 15% increase in ischemic stroke.

3)  Lipid-lowering Therapy and Cerebrovascular 
Disease

Although statins are well established to prevent 
the incidence of stroke, relatively few studies have 
been conducted on the prevention of recurrent stroke. 
Most trials have considered stroke as a secondary 
endpoint. A meta-analysis of prevention trials 
conducted in the United States and Europe showed a 
significant 19% reduction in cerebral infarction after 
statin-lowering cholesterol therapy. The hemorrhage, 
on the other hand, did not show a significant 
change614). In the MEGA study conducted in Japan in 
hypercholesterolemic patients without a history of 
CAD or stroke, statin treatment showed a trend 
toward a reduction in stroke with a hazard ratio of 
0.66 (men) and 0.63 (women)49). In particular, 
ischemic stroke in men and stroke in women over 55 
years of age were significantly reduced1122, 1343). It is not 
yet clear why statin treatment reduces cerebrovascular 
disease, although observational studies have not found 
cholesterol levels to be a risk factor for cerebrovascular 
disease.

Trials with a primary end point of recurrent 
stroke in patients with a history of stroke include 
SPARCL1319), J-STARS348), and TST353). In SPARCL, 
high-dose statins were administered to patients with a 
history of stroke or transient ischemic attack (TIA) 
within 6 months of incidence without CAD, and the 
rate of recurrent stroke was compared to the placebo 

subarachnoid hemorrhage, the main risk factors are 
hypertension, smoking, heavy drinking, and the 
presence of a cerebral aneurysm. Among cerebral 
infarctions, atrial fibrillation is the main risk of 
cardiogenic cerebral infarction1328, 1329).

When considering risk factors limited to non-
cardiogenic cerebral infarction, the Stroke Data Bank 
2021 reported a frequency of dyslipidemia of 39% in 
non-cardiogenic cerebral infarction1321). However, 
epidemiological studies in Japan have not shown a 
significant relationship between serum cholesterol 
levels  (TC, LDL-C and non-HDLC) and 
incidence42, 44, 46, 47, 59, 65, 85). However, in a cohort study 
of 267,500 subjects in China, TC was significantly 
positively correlated with the incidence of cerebral 
infarction incidence1330). In Europe and the United 
States, epidemiological studies such as MRFIT have 
reported an increased risk of cerebral infarction with 
increasing TC1331-1333). A summary of nine cohort 
studies also reported a significant 15% reduction in 
cerebral infarction with a lower LDL-C1336) of 1 
mmol/L (38.6 mg/dL) lower LDL-C1334). A meta-
analysis of 21 large clinical trials by the Cholesterol 
Treatment Trials (CTT) Collaboration similarly found 
that a reduction of 1 mmol/L (38.6 mg/dL) reduction 
in LDL-C was associated with a 15% reduction in 
stroke incidence and a 20% reduction in cerebral 
infarction incidence331). In contrast, there are reports 
that TC is not a risk of cerebral infarction or has weak 
involvement1335, 1336).

In the Hisayama study, which examined the risk 
by type of cerebral infarction, LDL-C was found to be 
a risk for the incidence of atherothrombotic cerebral 
infarction after multivariate analysis, but no 
relationship between LDL-C and the incidence of 
other types of cerebral infarction was observed42). 
Cholesterol levels are recognized as a risk factor only 
for atherothrombotic cerebral infarction, and, 
furthermore, hypertension is considered the primary 
risk factor for all cerebral infarctions, including 
atherothrombotic cerebral infarction1328). 

Hypocholesterolemia has already been reported 
to be a risk of bleeding in many countries, including 
Japan46, 1337). A meta-analysis of cohort studies reported 
a decrease in LDL-C of 1 mmol/L (38. mg/dL) 
increases cerebral hemorrhage by 19%1334), and in 
Japan, the frequency of hemorrhage is reported to 
increase when LDL-C is below 80 mg/dL46). In China, 
an increased risk of hemorrhage has been reported at 
TC levels below 120 mg/dL1330). However, as discussed 
in the following, a meta-analysis of CAD prevention 
trials has found no increase in hemorrhage with 
cholesterol-lowering therapy614). In the FOURIER 
study, which examined the efficacy of a PCSK9 
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was rather higher in the strict lipid management group 
for 405 transient ischemic events (hazard ratio 2.06). 
Secondary endpoints of stroke and urgent carotid 
artery reconstruction tended to decrease by 19% in 
the strict control group, although not significantly, 
and the risk of cerebral hemorrhage was similar 
between the two groups.

A subanalysis of JELIS also showed that statins 
plus eicosapentaenoic acid (EPA) significantly reduced 
recurrent stroke by about 20% compared to statins 
alone1191)48). Other reports have also observed a 
favorable outcome of cerebral infarction that occurs 
during statin administration1348) and an increased risk 
of cerebral infarction with statin discontinuation1350).

4) Strategies to prevent cerebrovascular disease
Since hypertension is the most significant risk of 

cerebrovascular disease, controlling blood pressure is 
the first priority. Atrial fibrillation is a major risk 
factor for cardiogenic cerebral embolism, while 
smoking, heavy alcohol consumption, and the 
presence of cerebral aneurysms, in addition to 
hypertension, are major risk factors for subarachnoid 
hemorrhage. Therefore, it is necessary to treat these 
risk factors appropriately. The relevant guidelines 
should be referred to for these management 
measures1344). In Europe and the United States, lipid-
lowering therapy is recommended for the prevention 
of non-cardiogenic cerebral infarction based on the 
results of meta-analysis of prevention trials and other 
s tud ie s 1326, 1345).  In  Japan ,  (1 )  the  r a t e  o f 
atherothrombotic cerebral infarction is increasing, (2) 
the MEGA study has shown that statins are effective 
in preventing cerebral infarction in patients with 
dyslipidemia, and (3) strict lipid lowering therapy has 
been shown to be effective in preventing recurrent 
cerebral infarction caused by atherosclerosis. 
Therefore, to prevent cerebral infarction, patients with 
dyslipidemia should undergo appropriate lipid 
management along with adequate antihypertensive 
treatment. For prevention of recurrent non-
cardiogenic  cerebra l  infarct ion ( including 
atherothrombotic cerebral infarction) complicated by 
atherosclerosis such as more than 50% stenosis in 
intracranial and extracranial arteries or aortic complex 
atheroma lesions, LDL-C should be controlled to less 
than 100 mg/dL in accordance with management 
criteria for prevention of recurrent CAD.

group, with a significant reduction in recurrent stroke 
with a mean reduction in LDL-C of 73 mg/dL in the 
statin group (-16%, p=0.03), as well as a significant 
reduction in the incidence of CAD (-35%, p=0.003). 
Additionally, a post hoc analysis of the breakdown of 
strokes that occurred as an endpoint showed a 
significant reduction in cerebral infarction (hazard 
ratio 0.78), but a significant increase in hemorrhage 
(hazard ratio 1.66). However, there was no association 
between increased hemorrhage and LDL-C1345). The 
study showed that statin therapy significantly reduced 
recurrent stroke in the group whose LDL-C dropped 
to less than 50% or 70 mg/dL at the beginning of 
observation1345). In patients with carotid artery 
stenosis, statin treatment significantly prevented 
recurrent stroke by 33%, but the effect on recurrence 
was not significant in patients without carotid artery 
stenosis1346). However, in a study by type of disease at 
the time of enrollment, the effect of statins on 
preventing recurrent stroke was similar for 
atherothrombotic cerebral infarction, lacunar 
infarction, and TIA1347). However, it should be noted 
that the statin doses in this study were significantly 
higher than the maximum approved doses in Japan. In 
the J-STARS study of cerebral infarction excluding 
cardiogenic cerebral infarction in Japanese patients, 
the incidence of atherothrombotic cerebral infarction 
was significantly reduced in the pravastatin group, 
although the primary endpoint of recurrent stroke or 
TIA was not different between the two groups (hazard 
ratio 0.33). On the other hand, the incidence of 
intracranial hemorrhage was comparable to that of the 
nonstatin group (hazard ratio 1.00)348). Post hoc 
analysis showed that LDL-C 80-100 mg/dL tended to 
cause the fewest recurrent strokes1262). TST353), patients 
with cerebral infarction within the past 3 months or 
TIA within the past 15 days and atherosclerosis (≥ 
50% stenosis in intracranial or extracranial arteries, 
aortic atheroma, or history of CAD) were randomized 
to either usual control of LDL-C at 90-110 mg/dL or 
strict control to lower LDL-C below 70 mg/dL. The 
primary endpoint of cerebral infarction, myocardial 
infarction, emergency coronary or carotid 
revascularization, or cardiovascular death was 
significantly reduced by 22%353). In general, 2,860 
patients were entered into the study, with 2,449 
cerebral infarctions at enrollment that showed an 
effective benefit of strict lipid management (hazard 
ratio 0.67), but the incidence of the primary endpoint 
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significantly in CKD patients on dialysis281, 282). In 
contrast, a post hoc stratified analysis of the RCT 
results1356) showed that the relative risk reductions for 
CAD (by 48%) and stroke (by 73%) in patients with 
stage G3 CKD (eGFR 30-59 mL/min/1.73 m2) were 
significant, showing that the relative risk reduction 
was greater than in the analysis of the entire 
population. These results suggest that proactive lipid-
lowering therapy should be considered for CKD 
patients from early stages of CKD including stage G3.

Dyslipidemia in CKD patients is characterized 
by  h y p e r t r i g l yc e r i d e m i a  a n d  h y p o - H D L 
cholesterolemia. Although n-3 polyunsaturated fatty 
a c id  p repa r a t i on s  c an  be  u s ed  to  t r e a t 
hypertriglyceridemia in patients with decreased kidney 
function, fibrates which are excreted through kidney 
have been hesitated to use. Pemafibrate, a selective 
PPARα modulator, has been launched and can be 
prescribed in clinical practice. Since pemafibrate is 
excreted mainly into bile, it has been reported that 
there is no marked increase in blood concentration 
even in patients with impaired kidney function, 
including dialysis patients1357). Thus, it is expected to 
be useful in patients with low kidney function. 
However, since the original package insert stated that 
it is contraindicated in those with serum Cr of 2.5 
mg/dL or higher (Note: the package insert has been 
revised later and the sentence of cotraindication has 
been removed), it should be used appropriately. 

Although observational studies have shown that 
hypertriglyceridemia and hypo-HDL cholesterolemia 
are associated with a higher CVD risk in CKD 
patients1358), there is no solid evidence for a benefit in 
renal protection or reduction of CVD risk in patients 
with CKD by pharmacotherapy to improve these 
conditions. Therefore, when initiating drug therapy 
for hypertriglyceridemia in CKD patients, it is 
important to select safe drugs and determine the 
benefit in each individual case.

Two points should be considered to reduce the 
risk of CVD in CKD: (1) prevention or improvement 
of CKD itself, and (2) proactive intervention for risk 
factors other than CKD. 

As treatment for CKD itself, immunosuppressive 
t h e r a p y  h a s  b e e n  r e c o m m e n d e d  f o r 
glomerulonephritis, antihypertensive therapy for 
hypertensive nephrosclerosis, and antihypertensive 
therapy in addition to diabetes treatment for diabetic 
nephropathy, including ACE inhibitors and 
angiotensin II receptor blockers (ARBs), which have 
evidence of effectiveness in reducing albuminuria and 
improving renal prognosis. Additionally, appropriate 
intake of energy, protein, and salt have been 
considered as dietary therapy.

Recently, randomized controlled trials have 
shown that SGLT2 inhibitor therapy improves renal 
outcomes in patients with type 2 diabetes (EMPA-
REG trial1350), CREDENCE trial1351)), and in patients 
with CKD without diabetes (DAPA-CKD trial1352)). 
Furthermore, since SGLT2 inhibitors have been shown 
to improve cardiovascular outcomes1301, 1302, 1353, 1354), 
they are promising agents which are beneficial both 
for CKD itself and cardiovascular outcomes. On the 
other hand, in patients with diabetes who have a 
decreased eGFR, since the glucose-lowering effect of 
SGLT2 inhibitors is decreased, appropriate use should 
be noted in clinical practice according to the 
instructions in the package insert. 

Interventions for risk factors other than CKD, 
such as medications for hypertension and diabetes, are 
discussed above. Other than these, weight loss for the 
metabolic syndrome and management of dyslipidemia 
are important. It should be noted that although the 
CVD risk is higher in patients with more advanced 
stages of CKD, the relative CVD risk reduction 
achieved by lipid-lowering therapy is smaller279). That 
is, lipid-lowering therapy with statin alone or statin in 
combination with ezetimibe significantly reduced 
CVD risk in undialyzed CKD1355), but not 

5. 4 CKD - Chronic Kidney Disease

• For the treatment of hypertension in patients with CKD, ACE inhibitor or angiotensin II 
receptor blocker (ARB) therapy is recommended for renal protection.

• For the treatment of diabetes in patients with CKD, SGLT2 inhibitor therapy is recommended 
for renal and cardiovascular protection. 

• Statin alone or statin in combination with ezetimibe is recommended to control LDL 
cholesterol and non-HDL cholesterol in patients with CKD. 

• Consider the use of n-3 polyunsaturated fatty acids or a selective PPARα modulator which is 
excreted into bile for the management of hypertriglyceridemia in patients with CKD.
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To prevent ASCVD, it is essential to evaluate and 
manage multiple risk factors such as hypertension, 
diabetes, dyslipidemia, CKD, and obesity1359). 
Therefore, the 14 societies centered on the Japan 
Society of Internal Medicine, the Japan Medical 
Association, and the Japan Medical Association have 
published the “Comprehensive Management Chart 
for the Prevention of Cerebral and Cardiovascular 
Disease” as  a  comprehensive management 
guideline284). The 2019 edition reflects revisions to 
each guideline and adds measures and considerations 
for the prevention of stroke and cardiovascular disease 
in older people, taking into account the urgent issue 

6.  Comprehensive Risk Assessment and Management Practices

• To prevent atherosclerotic cerebral and cardiovascular disease, management of the major risk 
factors for ASCVD should be comprehensive from the early stages of the disease.

• Lifestyle modifications such as diet, exercise, and smoking cessation are fundamental and must 
be continued.

• The introduction or continuation of pharmacotherapy should be done carefully according to 
individual risk and pathophysiology, and strict treatment is necessary in high-risk cases.

of extending healthy life expectancy among the elderly, 
which is a pressing issue associated with the rapid 
aging of society.

Comprehensive risk assessment and management 
based on this comprehensive chart is presented in 
order from Step 1 to Step 6 (Fig. 8). Although the 
main target is first-time examinees who need to be 
evaluated for risk factors for atherosclerosis, patients 
with a history of ASCVD or already being treated for 
dyslipidemia, diabetes, or hypertension should also be 
periodically reevaluated over time for risk and status 
of treatment according to this section.

Step 1 Screening for Atherosclerotic Cerebral and Cardiovascular Disease Risk Assessment

• Comprehensive screening for major risk factors is important for the comprehensive risk 
management of the risk of cerebral and cardiovascular disease, which requires not only blood 
and biochemical tests, but also careful medical history and tests.

• The screening consists of Step 1a, which consists of basic items, Step 1b, which includes 
additional items, and Step 1c, which describes the criteria for referral to a specialist.

Step 1 a. Screening (basic items)
b. Screening (additional items)
c. Determine the need for referral to a specialist.

Step 2 Diagnosis of each risk factor and additional evaluation items 

Step 3 Review risk factors to be identified before starting treatment

Step 4 Establish management targets according to risk factors and individual pathological conditions
a. Hypertension
b. Diabetes mellitus
c. Dyslipidemia
d. Obesity

Step 5 Lifestyle modification

Step 6 Drug therapy

Fig.8. Comprehensive risk management chart for cerebral and cardiovascular disease prevention
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Step 1 consists of Step 1a and Step 1b, which 
describe the basic and additional screening items, 
respectively, and Step 1c, which describes the criteria 
to determine the need for referral to a specialist.

1) Step 1a is the basic screening section, and the 
following table lists the necessary questions, physical 
findings, and examinations that must be performed to 
assess the risk of ASCVD in each patient (Table 14) . 
During the medical interview, in addition to the 
standard items of the Specific Health Examination, 
such as subjective symptoms, complications, medical 
history, lifestyle (smoking, passive smoking, alcohol), 
exercise and sleeping habits, home blood pressure, and 
family history are also recommended. The following 
basic patient information and physical findings are 
recommended: age, sex, height, weight, BMI, office 
blood pressure, pulse rate/minute (normal and 
irregular), and chest auscultation. Recommended 
blood examinations include TC, HDL-C, non-
HDL-C (TCHDL-C), eGFR (serum creatinine), ALT, 
γ-GTP, HbA1c, and blood glucose, as well as general 
urine (qualitative) and ECG (in cases such as atrial 

fibrillation, refer to a specialist depending on the 
degree of abnormality). 

2) Step 1b is an additional screening item that is 
performed at the same time as Step 1a or when an 
abnormality is found in Step 1a (Table 15).

3) Step 1c describes conditions that may require 
referral to a specialist based on the screening described 
above(Table 16). If only one of HbA1c or blood 
glucose shows “diabetic type” (HbA1c ≥ 6.5% or 
fasting blood glucose ≥ 126 mg/dL or non-fasting 
blood glucose ≥ 200 mg/dL), the examination should 
be repeated on another day.

(1) LDL-C is calculated using the Friedewald 
formula after TC, HDL-C, and TG are measured 
simultaneously during fasting. (If TG ＜ 400 mg/dL)

(2) Subjects to be measured: Hypokinesia, or age 
＜40 years, or blood pressure ≥ 160/100 mmHg, if 
aldosterone/renin activity ratio ＞200 and the 
aldosterone concentration ＞120 mg/dL.

(3) Measure when there is an abnormality in the 
qualitative analysis of urine.

• Blood samples for clinical examinations should be taken in Step 1a, preferably in fasting if 
possible, and in Step 1b in principle in fasting.

Table 14. Step 1a Screening (Basic Items)

Medical interview＊

Age, sex, subjective symptoms, family history, complications, medical history, medication history, lifestyle habits (smoking＊＊, passive 
smoking and alcohol consumption), exercise habits, and sleep and home blood pressure

Physical findings

Height, body weight, BMI (kg/m2), in‐clinic blood pressure, pulse rate (regular or irregular), and chest auscultation

Basic tests (fasting blood preferred)

TC, HDL‐C, non‐HDL‐C (TC − HDL‐C), eGFR, ALT, γ‐GT, HbA1c＊＊＊, blood glucose＊＊, urinalysis (qualitative), and 
electrocardiography＊＊＊

＊Use the standard or additional medical questionnaire of Lifestyle Health Check‐Ups.
＊＊Includes heated cigarettes.
＊＊＊If only one of HbA1c or blood glucose shows “diabetic type” (HbA1c ≥ 6.5% or fasting blood glucose ≥ 126 mg/dL or non‐fasting blood 
glucose ≥ 200 mg/dL), the examination should be repeated on another day.
＊＊＊＊The patient can refer to a specialist depending on the degree of abnormality (i.e., atrial fibrillation).

Table 15. Step 1b Screening (Additional Items) 

Physical findings

waist circumference, orthostatic blood pressure (after 1–3 min of standing), limb (artery), cervical vascular murmur, and abdominal 
vascular murmur.

Additional tests

Blood count, fasting blood glucose, fasting TG, LDL‐C, uric acid, K, chest radiograph, ankle‐ brachial index (ABI), plasma aldosterone 
concentration/renin activity ratio＊, urinary protein/creatinine ratio (random spot urine quantification)＊＊

＊Subjects to be measured: hypokinemia, or under 40 years of age, or blood pressure ≥ 160/100 mmHg. Judgment: If plasma
aldosterone concentration/renin activity ratio (ARR) ＞200 (CLEIA method) and blood aldosterone concentration (PAC [CLEIA method]) ≥ 60 
pg/mL, refer to a specialist, etc.
＊＊Measure when there is an abnormality on the general urine (qualitative) examination.
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Step 2. Diagnosis and additional assessment in each risk factor

In Step 2, the diagnosis and additional assessment for each risk factor will be based on the 
following five items (Table 17). In any of these conditions, carotid echocardiography, 
echocardiography, vascular echocardiography of the limb, coronary CT, thoracoabdominal CT, 
MRI, MR angiography, baPWV (pulse wave velocity), and CAVI (cardio-ankle vascular index) 
are performed as needed23).

Table 16. Step 1c Determine the need for referral to a specialist

(1)  If the patient is suspected to have a history or is complicated with stroke/transient ischemic attack (TIA), coronary artery disease (CAD), 
arrhythmia (such as atrial fibrillation), aortic disease, or peripheral arterial disease (PAD)

(2) Hypertension

Suspected secondary hypertension (early incidence, acute incidence, etc.), pregnancy‐induced hypertension, hypertensive emergency or 
urgency (untreated diastolic blood pressure ≥ 120 mmHg), treatment‐resistant hypertension (≥ 180/110 mmHg despite treatment or 
not achieving antihypertensive goal even with concomitant therapy with 3 drugs)

(3) Diabetes mellitus

Type 1 DM, HbA1c ≥ 8.0%, fasting blood glucose ≥ 200 mg/dL (or non‐fasting blood glucose ≥ 300 mg/dL), acute complications 
(hyperglycemic emergency), or gestational diabetes

(4) Dyslipidemia:

LDL‐C ≥ 180 mg/dL, HDL‐C ＜30 mg/dL, fasting TG ≥ 500 mg/dL, non‐HDL‐C ≥ 210 mg/dL, or suspected primary hyperlipidemia 
or secondary dyslipidemia

(5) Chronic kidney disease (CKD):

CKD patients with proteinuria and hematuria

eGFR ＜45 ml/min/1.73 m2 (G3b to 5 ) or proteinuria category A3 (urine albumin/ Cr ratio ＞300 mg/gCr in diabetes, urine protein/
Cr ratio ＞0.5 g/Cr otherwise). For patients under 40 years of age or in the A2 category (Urine albumin/Cr ratio 30-299 mg/gCr for 
diabetes, urine protein/Cr ratio 0.15-0.49 g/Cr for other conditions), referral should be made even if the eGFR is 45-59. 

(6) Obesity:

Severe obesity (BMI ≥ 35). Suspected secondary obesity (symptomatic obesity)

Table 17. Step 2 Diagnosis and additional assessment of each risk factor 

2A Hypertension 

In‐clinical blood pressure ≥ 140/90 mmHg or home blood pressure ≥ 135/85 mmHg 

24‐hour monitoring of blood pressure as needed (to differentiate between nocturnal and workplace hypertension) 

2B Diabetes mellitus 

2B‐1) When suspicion of diabetes cannot be ruled out 

HbA1c 5.6‐6.4%, fasting blood glucose 100‐125 mg/dL, non‐fasting blood glucose 140‐199 mg/dL, or a family history of intense 
diabetes or obesity →75 gOGTT (except those with obvious diabetic symptoms) 

2B‐2) When diagnosed with diabetes 

If both HbA1c and blood glucose are diabetic type in the same blood sample, or if blood glucose is diabetic type and the patient has 
typical symptoms (dry mouth, polydipsia, polyuria, weight loss) or definite diabetic retinopathy, or if the diabetic type is reconfirmed 
by examination on another day (however, at least the initial and second examination, blood glucose must be diabetic type) →  Fundus 
examination, urine albumin/Cr ratio (spot urine determination non‐fasting) 

2C Dyslipidemia 

LDL‐C ≥ 140 mg/dL, HDL‐C ＜40 mg/dL, fasting TG ≥ 150 mg/dL, or non‐HDL‐C ≥ 170 mg/dL →  check for corneal ring / Achilles 
tendon thickening / skin and tendon xanthoma / rash xanthoma 

2D CKD 

eGFR ＜60 ml/min/1.73 m2 or proteinuria lasting ＞3 months 

2E Metabolic syndrome 

Abdominal circumference ≥ 85 cm (men) or ≥ 90 cm (women) and 2 or more of the following: serum lipid abnormalities (HDL‐C ＜40 
mg/dL or fasting TG ≥ 150 mg/dL), high blood pressure (≥ 130/85 mmHg), high blood glucose (fasting blood glucose ≥ 110 mg/dL) 
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Step 3 Risk Factors to Review Before Initiating Treatment

Risk factors that should be especially noted at the time of starting treatment are listed. (1) 
smoking, (2) hypertension, (3) diabetes, (4) dyslipidemia, (5) chronic kidney disease (CKD), (6) 
obesity (particularly, visceral fat obesity), (7) aging and gender (men or postmenopausal 
women), (8) family history (history or complications of cerebral and cardiovascular disease or 
lifestyle-related diseases in your own grandparents, parents, or brothers and sisters related to 
blood, especially cases occurring at younger ages). It should always be kept in mind that strict 
management is necessary in cases where multiple risk factors are present. (Table18)

Step 4 Setting Management Targets according to Risk Factors for each Pathological Condition

In terms of management goals according to risk and individual pathological conditions, 
dyslipidemia is discussed in Chapter 3, while other risk factors conform to the guidelines of the 
Japanese Society of Hypertension179), the Japanese Diabetes Society654), the Japanese Society of 
Nephrology13) and other societies (Table 19). However, in older people, management goals 
should be individualized, taking into account individual circumstances such as activities of daily 
living (ADL), cognitive function, frailty, and quality of life (QOL).

Table 19. Step 4 Setting Management Targets according to Risk Factors for each Pathological Condition 

4A Hypertension: 

(1) Patients under 75 years of age, patients with cerebrovascular disease (without bilateral carotid stenosis or occlusion of themain cerebral 
artery occlusion), patients with CKD (positive proteinuria), patients with CAD, diabetes, and taking antithrombotic drugs: ＜130/80 
mmHg (home blood pressure ＜125/75 mmHg) 

(2) 75 years of age or older, patients with cerebrovascular disease (with bilateral carotid stenosis or occlusion of the main cerebral artery or 
not yet evaluated), CKD patients (proteinuria negative): ＜140/90 mmHg (home blood pressure ＜135/85 mmHg) 

4B Diabetes mellitus: 

(1) A control indicator of HbA1c ＜6.0% when the goal is to normalize the blood glucose level 

(2) A control indicator of HbA1c ＜7.0% to prevent complications 

(3) A control indicator of HbA1c ＜8.0% if intensification of treatment is difficult 

4C Dyslipidemia: 

HDL‐C ≥ 40 mg/dL and TG ＜150 mg/dL for all risk categories in addition to the following: 

Low risk: LDL‐C ＜160 mg/dL (non‐HDL‐C ＜190 mg/dL) 

Moderate risk: LDL‐C ＜140 mg/dL (non‐HDL‐C ＜170 mg/dL) 

High risk: LDL‐C ＜120 mg/dL (non‐HDL‐C ＜150 mg/dL) 

4D Obesity: 

Improvement of hypertension, diabetes, and dyslipidemia with a reduction of at least 3% in body weight or waist circumference in 3 to 6 
months 

＊For older people, management targets are established taking into account individual circumstances such as living environment, activities of daily 
living (ADL), cognitivefunction, and quality of life (QOL), such as living alone or in a nursing home. 

Table 18. Step 3 Risk Factors to Review Before Initiating Treatment 

(1) Smoking 

(2) Hypertension 

(3) Diabetes mellitus (including prediabetes) 

(4) Dyslipidemia 

(5) CKD 

(6) Obesity (especially visceral obesity) 

(7) Aging and gender (men or postmenopausal women) 

(8) Family history

＊Always keep in mind that strict management is necessary in cases where multiple risk factors are present.
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Step 5: Lifestyle Modification

Lifestyle improvement is the cornerstone of prevention of ASCVD and the easy initiation of 
drug therapy should be strictly avoided. During drug therapy, these non-drug therapies should 
not be neglected, i.e., lifestyle modification guidance should not be neglected. Smoking 
cessation is the most important cause of ASCVD and should be promoted among all age groups, 
regardless of gender, for its prevention. (Table 20)

The increased risk of incidence of CAD in non-
smokers due to passive smoking is also a serious 
problem. Adequate energy and nutrient intake and 
correction of inappropriate eating habits and behaviors 
are fundamental for patients with risk factors such as 
dyslipidemia, hypertension, diabetes, and obesity. Eat 
a low-sodium Japanese diet with a combination of 
fish, soybeans, vegetables, seaweed, mushrooms, fruits, 
and unrefined grains, while avoiding animal fats. 
Avoid heavy alcohol consumption. Exercise has been 
shown to improve dyslipidemia, lower blood pressure, 
improve insulin resistance, and lower blood glucose. 
Aim to perform moderate to vigorous aerobic exercise 
(intensity of 3 METs or greater) for at least 30 minutes 
per day, at least 3 times per week (preferably daily). Be 
sure to check the current physical activity level, 
intensity, and exercise habits, and if there is no 
particular exercise habit, instruct the patient to 
gradually start with light exercise or short-duration 
exercise. However, in patients with complicated 
hypertension, exercise therapy is indicated for patients 

with blood pressure levels below moderate (160-
179/100-109 mmHg) and without cardiovascular 
disease. Exercise therapy should be prohibited or 
limited in patients with diabetes who have extremely 
poor metabolic control (fasting blood glucose ＞25 
mg/dL or moderate or high urine ketone positivity) or 
who have fresh fundus hemorrhage, CAD, or renal 
failure due to proliferative retinopathy.

In older people, strict dietary restriction and salt 
reduction may lead to sarcopenia with weight loss, so 
patients should be instructed to consume at least 1.0-
1.2 g/kg standard body weight/day of adequate 
protein in the absence of severe renal dysfunction. In 
addition, exercise should be guided by attention to 
individual motor function and fall risk, and moderate 
resistance exercise should be performed in addition to 
aerobic exercise to prevent sarcopenia. Particularly in 
older people over 75 years of age, dietary guidance 
should be provided with consideration for the 
maintenance of dietary intake and quality of life.

Table 20. Step 5 Lifestyle items to be improved

Smoking cessation: No smoking is mandatory. Prevent passive smoking. 

Weight control: 

Weigh yourself regularly. 

If BMI ＜25, maintain an appropriate weight. 

If BMI ≥ 25, reduce energy intake to less than energy expenditure to lose weight. 

Dietary management 

Consume an adequate amount of energy and a good balance of the three macronutrients (protein, fat, and carbohydrates), vitamins, and 
minerals. 

Avoid excessive intake of saturated fats and cholesterol. 

Avoid trans fatty acids. 

Increase intake of n‐3 polyunsaturated fatty acids. 

Increase fiber intake. 

Reduce salt intake, aiming for less than 6 g/day. 

Physical Activity and Exercise 

Perform exercise habitually, mainly aerobic exercise of moderate or greater intensity ＊ (aim for a total of at least 30 minutes daily).

Remind them to reduce sedentary behavior＊＊ and stay active in their daily lives. 

In addition to aerobic exercise, resistance and flexibility exercises should be performed. 

Drinking 

Alcohol consumption should be limited to 25 g＊＊＊ of ethanol per day or less. Establish a day off from drinking. 

＊Moderate or greater means intensity of 3 METs or greater, where METs is a unit of activity intensity that indicates the number of times the resting 
metabolic rate. ＊＊Sedentary behaviors are all arousalbehaviors with an energy expenditure of 1.5 METs or less in the sitting and lying positions. ＊＊＊ 
Equivalent to approximately 1 cup of sake, 1 medium beer bottle, half cup of shochu, doublewhiskey/brandy, or 2 glasses of wine. 
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Step 6 Drug Therapy

While lifestyle modification must continue and the initiation and continuation of drug therapy 
must be done with caution according to individual risk and pathophysiology, strict drug therapy 
is necessary in high-risk cases. Details of drug therapy for hypertension, diabetes, etc. Follow 
the guidelines for each disease; Special attention should be paid to drug side effects in older 
people over 75 years of age and in patients with renal dysfunction. In addition, while 
considering quality of life with regard to the treatment of lifestyle-related diseases for people 
with end-of-life conditions, discontinuation of drug therapy should be actively considered.
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Traditionally, the prevalence of FH was 1 in 500 
people, but in recent years, a series of cross-sectional 
and cohort studies in the United States and Europe 
have shown a clearly higher prevalence than that. In 
Japan, Mabuchi et al. examined the frequency of 
molecular epidemiology in the Hokuriku region and 
reported a prevalence of 1 in 208 people1360).

A systematic review/meta-analysis published in 
2017 (not including Japanese) reported a frequency of 
1 in 250 people in the general population1361). In 
addition, a subsequent systematic review/meta-analysis 
(including Japanese) reported a frequency of 1 in 313 1362) 
and 311 1363), respectively, in the general population. 
The meta-analysis that reported a prevalence of 1 in 
250 included literature reporting extremely high 
frequencies due to the so-called founder effect, 
whereas the latter two reports of 1 in 313 and 311 

Chapter 4.   Familial Hypercholesterolemia
BQ27. What is the prevalence of Familial Hypercholesterolemia in Japan?

In general, it is found in approximately 1 in 300 people in the general population, 1 in 30 
people with CAD, and 1 in 15 people with premature CAD or severe hyper-LDL 
cholesterolemia. (Level of evidence: E-2)

excluded such studies. As increased frequency due to 
founder effect is presumed to exist in some regions, it 
is reasonable to assume that the number of cases is 
about 1 in 300, despite the report by Mabuchi et al. in 
Japan. The prevalence of FH is about 1 in 30 for 
patients with CAD and about 1 in 15 for those with 
premature CAD or severe hyper-LDL cholesterolemia 
(defined as ＞190 mg/dL in the meta-analysis)1362). 
The number of Japanese in the above meta-analysis is 
small, and it is assumed that differences in frequency 
may be due to factors such as consanguineous 
marriages in some regions and demographic 
bottleneck effects, but there is no evidence of 
significant differences among races; thus, the results of 
the above meta-analysis may be applied to Japanese as 
well.

BQ28. What are the prognosis and main complications of patients with FH?

• CAD: odds ratio 10 - 20 times higher than non-FH (Level of evidence: E-1a*)
• Peripheral arterial disease: odds ratio 5 - 10 times higher than non-FH (Level of evidence: 
E-1a)

• Stroke: no clear impact (Level of evidence: E-1a)
• Aortic valve stenosis: no epidemiological association was shown, but there have been case 
reports of FH complicating the disease. (Level of evidence: E-3) 

• Abdominal aortic aneurysm: no epidemiological association was shown, but there have been 
case reports of FH complicating the disease. (Level of evidence: E-3)
* Although there was no meta-analysis of cohort studies, we chose E-1a because of the existence of multiple 
cohort studies and identical results.

The most important major complication of 
systemic atherosclerosis in patients with FH is 
CAD1364). In addition, a significantly higher prevalence 
of peripheral arterial disease and carotid atherosclerosis 
was reported in FH as compared to non-FH 
(systematic review/meta-analysis) 1365, 1366). On the 
other hand, regarding stroke, many reports state that 
its effects remain unclear. With regard to aortic disease 
and valvular disease (aortic aneurysm, aortic valve 
stenosis, supravalvular stenosis, etc.), there are case 

reports showing their association with the disease, 
a l though no epidemiological  reports  have 
demonstrated such an association. 

Although there are no randomized controlled 
trials (RCTs) or systematic reviews on the prognosis of 
FH, Mabuchi et al. presented a study comparing the 
prognosis of FH heterozygotes (HeFH) and FH 
homozygotes (HoFH) in the pre- and post-statin era 
in Japan1367). This report shows that before the advent 
of statins, 73% of men and 64% of women with 
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average age of death increased from 28 years before 
statins to 59 years after statins.

HeFH died of cardiac death, the age of death for 
HeFH increased from an average of 63 years before 
statins to 76 years after statins, and for HoFH, the 

FQ25. Can statins be recommended as the first choice in drug therapy for HeFH?

Strict lipid management with statins as first-line drugs is recommended for the treatment of 
HeFH. (Level of evidence: 3, Recommendation level: A)

There are 13 randomized double-blind trials 
examining the LDL-C lowering effect of statins in 
HeFH1369-1380), including 9 placebo-controlled trials (2 
in adult HeFH1368, 1369), 6 in children to adolescents 
HeFH1371-1376), and 1 in adult FH subjects without 
mention of whether they are HeFH or HoFH1370)), 
and its efficacy and safety have been established in 
both adult and pediatric cases. Furthermore, a 
randomized, double-blind, crossover study in HoFH 
has shown the efficacy of statin1377). In Japan, reports 
have been published showing that statin therapy 
reduces LDL-C in both adult and pediatric patients 
1379, 1380), which is consistent with the results of clinical 
trials in other countries. 

A randomized, double-blind, comparative study 
has been published in adult1381) and pediatric 
patients1376), respectively, to investigate the efficacy of 
high intensity statin therapy (80 mg of atorvastatin, 
twice the approved dose in Japan) compared to 
standard intensity statin therapy (40 mg simvastatin, 
twice the approved dose in Japan) in adults and 
standard intensity statin therapy (20–40 mg 
pravastatin, no pediatric indication in Japan at the 
approved dose of 20 mg) compared to placebo in 
children. Both studies showed inhibition of the 
development of intima media thickness (IMT). A sub 
analysis of pediatric cases showed that statin initiation 
at an earlier age was associated with less IMT 
thickening1382). In addition, an observational study 
examining 2447 cases from the Netherlands has 
shown that statin use is associated with a lower 

incidence of CAD and lower all-cause mortality1383). 
Although scientific evidence for the prevention of 
atherosclerotic cardiovascular disease by direct 
comparison is not sufficient, statins appear to be the 
most recommended drug therapy at this time, given 
the abundant evidence in non-FH. 

Four clinical studies have been published 
comparing the LDL-C lowering effects of statins and 
other lipid-lowering drugs in FH (all in adults, all 
with pravastatin, two in HeFH, and two in FH 
subjects). In a report comparing pravastatin 40 mg 
with cholestyramine 4 g (or colestipol 5 g), both 
groups had significantly lower LDL-C from baseline, 
but the group of pravastatin had significantly lower 
LDL-C than the cholestyramine group1369). On the 
other hand, reports comparing 40 mg of pravastatin 
with 16-24 g of cholestyramine (1.5-2 times the 
Japanese approved dose) did not show any significant 
difference between the two groups, although both 
groups had significantly lower LDL-C from 
baseline1368, 1370, 1384). These studies were conducted 
with pravastatin in the early 1990s, and since the 
newer generation of statins shows stronger lipid-
lowering effects, it is expected to be more effective 
than cholestyramine. Although there are no direct 
comparative studies between statins and probucol, 
small intestinal cholesterol transporter inhibitors 
(ezetimibe), or proprotein convertase subtilisin/kexin 
type 9 inhibitors (PCSK9), there are reports of trials 
of ezetimibe and PCSK9 inhibitors on top of 
statins1276, 1277, 1385, 1386).

FQ26.  Is lipoprotein apheresis therapy recommended for HoFH and severe HeFH with drug 
resistance?

For HoFH and severe HeFH with drug resistance, strict control of LDL-C with lipoprotein 
apheresis therapy is recommended. (Level of evidence: 3, Recommendation level: A)

In the 2019 ESC/EAS Guidelines for the 
Management of Dyslipidaemias: Lipid Modification 
to Reduce Cardiovascular Risk1387), although there is 
no mention of evidence levels, etc., the lipoprotein 
apheresis has been recommended as a treatment for 

HoFH. 
A systematic review reported in 2016 analyzed a 

total of 38 articles (8 open-label clinical trials, 
11observational studies, 17 reviews/guidelines, and 2 
medical technology evaluations)1388). Although RCTs 
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respond adequately to drug therapy in Japan, where 
access is relatively easy in terms of transportation and 
cost. 

In 2019, a systematic review examining 76 case 
reports (209 patients) on HoFH in children was 
reported1389). Although it has not been shown whether 
lipoprotein apheresis is more or less beneficial than 
drug therapy alone for cardiovascular outcomes, it has 
been reported to lower LDL-C and reduce xanthomas 
with few adverse events, making it generally safe.

were not included, they were noted to have clinical 
benefits in terms of lowering LDL-C, lowering 
lipoprotein (a) [Lp (a)], and preventing cardiovascular 
events. As each country has different rates of diagnosis 
of FH, availability and access to apheresis treatment, 
indications, methods, and costs, it will be necessary to 
evaluate the situation in Japan in the future. However, 
although this puts physical and social burden on the 
patient, we believe that lipoprotein apheresis is 
recommended for patients with FH who do not 

FQ27. Is it recommended to start treatment early in pediatric patients with FH?

FH is a high-risk condition for atherosclerotic diseases; thus, early initiation of treatment is 
recommended, depending on LDL-C levels*. (Level of evidence: Consensus, Level of 
recommendation: A)

*See Flow chart of pediatric HeFH treatment (Fig. 11)

The US Food and Drug Administration 
guidelines “approve” pravastatin for pediatric FH 
starting at age 8 and other statins starting at age 
101390). Our policy of “approving” pitavastatin for ages 
10 and older, as we stated in Pediatric FH Guide 2017 
is in line with the global trend. The 2019 ESC/EAS 
Guidelines for the Management of Dyslipidaemias: 
Lipid Modification to Reduce Cardiovascular Risk1387) 
also has a level of evidence/recommendation of Class 
IIa, Level C, but it states that pediatric FH treatment 
should begin with statins at 8–10 years of age, with a 
goal of ＜135 mg/dL at ages 10 years and older. 
“Statins for children with familial hypercholesterolemia” 
which summarized nine studies using statins, found 
that statin therapy in children with FH successfully 
and safely reduced LDL-C without affecting liver 
function, muscle symptoms, muscle damage, and 
growth. They have also reported that carotid 
atherosclerosis can be reduced, and some endothelial 
function improved, although the level of evidence is 
not high1391). Furthermore, to date, RCTs and meta-
analyses of RCTs and systematic reviews have shown 
that the use of statins, resins, and ezetimibe in 
pediatric patients of 10 years and older is safe and 
effective in lowering LDL-C levels. 

Due to the limited number of RCTs that used 
statins in children and the short duration of statin 
treatment, no studies have been able to evaluate the 
incidence of atherosclerotic cardiovascular disease 
(ASCVD), cardiovascular death, and long-term safety. 
However, a 20-year follow-up study showed that 
starting statins at 13.0±2.9 years (mean LDL-C 237.3 
mg/dL) did not cause any mortality related to ASCVD 
by at least the age of 39 years, although the mean 
LDL-C level reached 160.7 mg/dL1275). Since LDL-C 

accumulation levels, over time, are believed to be 
associated with the development of ASCVD, and 
since FH is a high-risk condition for atherosclerotic 
disease, early initiation of treatment in children is thus 
recommended.

1.  Pathophysiology and Clinical 
Presentation of FH

FH is an autosomal hereditary disease 
characterized by (1) hyper-LDL cholesterolemia 
(LDL-C), (2) premature CAD, and (3) tendon and 
skin xanthomas. Except for the rare autosomal 
recessive hypercholesterolemia (autosomal recessive 
hypercholesterolemia: ARH), all other cases have a 
dominant mode of inheritance. In addition to 
pathogenic genetic mutations in the LDLR, HeFH is 
known to be caused by pathogenic mutations in 
apolipoprotein B-100 (APOB) and pathogenic gain-
of-function mutations in the proprotein convertase 
subtilisin/kexin type 9 (PCSK9), both of which play 
an important role in LDL metabolism.  

In addition to early diagnosis and rigorous 
treatment, family screening (cascade screening) and 
early intervention for FH can help prevent death at a 
young age. Diagnosis and treatment of FH in 
childhood are also important because the progression 
of atherosclerosis is recognized from childhood.

2. Diagnosis of FH
1) Diagnostic Criteria

The diagnostic criteria for FH in adults (15 years 
and older) are shown in Table 21. A family history 
should be carefully obtained when diagnosing FH. It 
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The diagnostic criteria for FH in children (under 
15 years of age) are shown in Table 22 1393). HeFH has 
few physical symptoms such as xanthomas in 
childhood, so the diagnosis is based on other two 
factors: LDL-C and family history. In the new 
guideline, the cut-off value for LDL-C is 140 mg/dL, 
which is approximately the 95th percentile value for 
children. Family history is also handled differently 
from adult criteria, but a new category of “probable 
FH” was established to allow for a broader diagnosis. 
As LDL-C fluctuates in childhood, especially after the 
onset of puberty, LDL-C should be measured and 
evaluated multiple times.

2) Evaluation of Achilles Tendon Thickening
2a) Radiography of Achilles Tendon

The diagnosis of thickening is made at 8.0 mm 
or more in men and 7.5 mm or more in women. (See 
Appendix 5. “Achilles Tendon Radiography for FH 
Screening”)

2b) Ultrasonography of Achilles Tendon 
The diagnosis of thickening is made at 6.0 mm 

or more in men and 5.5 mm or more in women. (See 
Appendix 4. “Method of Measuring Achilles Tendon 
Thickness by Ultrasound for FH Screening”)

3) Differential Diagnosis
Diseases that cause secondary dyslipidemia 

(diabetes, hypothyroidism, nephrotic syndrome, 
obesity, cholestatic liver disease, drug-induced, etc.) 
and a  s imi lar  disease ,  famil ia l  combined 
hyperlipidemia (FCHL) must be differentiated. FCHL 
is differentiated from FH by LDL-C not being as 

should be noted that in young patients, thickening of 
the Achilles tendon and other parts of the tendon is 
rarely observed. It should be noted that LDL-C levels 
temporarily decrease when complicated by serious 
diseases such as acute myocardial infarction. 
Therefore, when examining a patient with acute 
myocardial infarction, the Achilles tendon should be 
palpated, and a family survey should be conducted.

The features of HoFH are serum TC ≥ 600 mg/
dL, as  wel l  as  chi ldhood xanthomas and 
atherosclerotic diseases, and the parents are HeFH. It 
may be difficult to distinguish the serious cases of 
HeFH, so in order to make a definitive diagnosis of 
HoFH, genetic analysis is required. Since genetic 
testing for HoFH has been covered by insurance since 
April 2022 in Japan, it is expected to be used for the 
definitive diagnosis and selection of treatment options.

The criteria for Achilles tendon thickening have 
changed. The conventional radiographic cutoff value 
of 9 mm was published in 1977, and while it had high 
specificity, it was feared to have low sensitivity. In this 
present study, based on the analysis of 986 cases, 
including 485 cases of genetically diagnosed FH in 
Japan, the cutoff values were reviewed according to 
the report in 2021 1392), which set the cutoff value at 7.6 
mm for men and 7.0 mm for females and were 
changed to 8.0 mm or more for males and 7.5 mm or 
more for females to increase sensitivity while 
maintaining specificity. The evaluation by ultrasound 
has also been standardized and adopted in this 
guideline. However, further considerations of the 
validity of the changed reference values and the 
evaluation of sensitivity and specificity will be 
necessary in the future.

Table 21. Diagnostic criteria for FH in adults (15 years and older)

1.  Hyper-LDL cholesterolemia (untreated LDL-C ＞180 mg/dL)

2.  Tendon xanthomas (dorsal hand, elbow, knee, etc. or Achilles tendon thickening) or cutaneous nodular xanthomas

3.  Family history of FH or premature CAD (first-degree relatives)

•Diagnosis is made after excluding other primary and secondary dyslipidemias.

•If the patient is already on drug therapy, refer to the lipid level that triggered the therapy.

• Achilles tendon thickening is diagnosed by radiography at ≥ 8.0 mm in men and ≥ 7.5 mm in women, or by ultrasound at ≥ 6.0 mm in 
men and ≥ 5.5 mm in women.

•Cutaneous nodular xanthomas do not include xanthelasmas.

•Premature CAD is defined as CAD that develops at younger than 55 years of age in men and younger than 65 years of age in women.

•FH is diagnosed when two or more items are met.

• Even if two or more items are not met, if those whose LDL‐C is 250 mg/dL or higher, or if 2 or 3 are met and LDL‐C is 160 mg/dL or 
higher, they are classified as probable FH.

•Diagnosis of FH is made in the presence of FH pathogenic gene mutations.

•If HoFH is suspected, genetic testing is recommended. Genetic testing is also useful for suspected HeFH, which are more difficult to 
diagnose.

•This diagnostic criterion also applies to HoFH.

•If FH is diagnosed, it is strongly recommended that family members be examined as well.



746

JAS Guideline 2022

to the high-risk of ASCVD, screening for ASCVD 
before administering exercise therapy is essential. 
Smoking cessation and obesity control are also 
important.

3) Drug Therapy
Lifestyle interventions alone are usually 

insufficient to achieve adequate lipid control in 
pa t i en t s  w i th  HeFH;  thus ,  concomi tan t 
pharmacotherapy with statins as first-line agents is 
recommended. If the standard dose of statin is not 
sufficiently effective, the dose should be increased to 
the maximum tolerated dose and ezetimibe should be 
used in combination with statin. If this is not 
sufficient, PCSK9 inhibitors, anion exchange resins, 
and probucol are used (Fig. 9). If the attending 
physician determines that the patient is a high-risk 
case, such as a secondary prevention patient or a 
patient with diabetes, the LDL-C should be promptly 
reduced. The combination of evolocumab or 
alirocumab in HeFH patients already treated with 
statins (and ezetimibe) has demonstrated additional 
lowering of LDL-C (approximately 60%) and Lp(a) 
lowering effects1276, 1277) and long-term safety has been 
confirmed up to around 3 years of treatment. 
Additionally, an average reduction of 35% LDL-C by 
evolocumab or alirocumab in statin-intolerant FH 
patients has been noted1396). HeFH, excluding statin 
intolerance, who do not achieve the expected LDL-C 
lowering effect with PCSK9 inhibitor combination 
therapy in addition to usual oral therapy, should be 
referred to a specialist, including genetic testing, as 
they are most likely to be HoFH. However, it is not 
yet clear whether these combination therapies are 
more effective in reducing cardiovascular events in 
patients with FH than statin therapy alone. In Japan, 
a retrospective study suggests that the use of probucol 

elevated as FH, absence of tendon xanthomas, 
presence of small dense LDL, variable lipid phenotype 
(type IIa, IIb, IV), and presence of dyslipidemia in the 
family. (See Chapter 5, “Other Primary Dyslipidemia.”)

Primary dyslipidemias with tendon xanthomas 
include sitosterolemia1394) and cerebral tendon 
xanthomatosis1395).

3.  Treatment of Adult HeFH (15 years 
and older)

1) Target Control Levels
As HeFH are at extremely high-risk of developing 

ASCVD, especially CAD, the risk of developing 
ASCVD in primary prevention is at least equivalent to 
that of usual secondary prevention. Therefore, the 
target control level of LDL-C for patients with HeFH 
for primary prevention should be less than 100 mg/ 
dL. It should also be noted that the risk assessment 
based on the risk chart issued by the Japan 
Atherosclerosis Society is not applicable in the 
treatment of FH for primary prevention. 

In HeFH patients for secondary prevention, the 
LDL-C management target level should be less than 
70 mg/dL because it can be considered to be at even 
higher risk. 

As it is ethically unacceptable to conduct clinical 
trials without lipid-lowering therapy in FH, there is 
no clear evidence for the validity of these numerical 
targets. The achievement of the management target 
does not always ensure the absence of future 
cardiovascular events.

2) Lifestyle Interventions
Lifestyle interventions should be practiced in FH 

as well and is described in detail in a separate section 
(Chapter 3, 2 Lifestyle Modification). However, due 

Table 22. Diagnostic criteria for pediatric FH (under the age of 15)

1.  Hyper-LDL cholesterolemia (untreated LDL-C level ≥140 mg/dL, confirmed multiple times)

2.  Family history of FH (Parents or siblings）
3.  Parental LDL-C ≥ 180 mg/dL or family history of premature coronary artery disease (Grandparent or parent)

After ruling out other primary and secondary Hyper‐LDL cholesterolemia,

‐    Diagnose FH with items 1 and 2.

‐    Diagnose probable FH with item 1 and 3.    If the individual’s LDL‐C is 180 mg/dL or higher, FH is diagnosed.

‐    Even if only criteria 1 is used, a diagnosis of FH above 250 mg/dL and a diagnosis of probable FH above 180 mg/dL should be made.

• Differentiate HoFH when LDL‐C is ≥250 mg/dL or xanthomas are present.

• Diagnose FH if the individual has a pathogenic gene mutation for FH. If a parent, a brother, or a sister is found to have a pathogenic 
gene mutation for FH, that is considered to be the family history of FH (item 2).

• Premature coronary artery disease is defined as coronary artery disease occurring at less than 55 years of age in men and less than 65 
years of age in women.

• Probable FH cases require further scrutiny and lipid‐lowering therapy.
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carefully evaluated for CAD, as well as for valvular 
disease (particularly AS, supravalvular aortic stenosis) 
and aortic aneurysms.

3) Drug Therapy
In HoFH, the above lifestyle interventions alone 

are not sufficient to control the disease, thus, strong 
LDL-C lowering therapy is required from a young age 
to prevent the development and progression of CAD 
(Fig. 10). However, statins, anion exchange resins, and 
PCSK9 inhibitors all have the primary mechanism of 
action for increasing the expression (activity) of the 
LDLR. For the defective type, in which only a small 
amount of LDLR activity remains, slight efficacy is 
observed, however, in the negative type, in which 
LDLR activity is completely absent, no LDL-C 
lowering effect is observed1397, 1398). In a study 
examining the LDL-C lowering effect of PCSK9 
inhibitors in adult HoFH patients1385), although the 
LDL-C lowering effect of PCSK9 inhibitors 
(approximately 30%) was confirmed, PCSK9 
inhibitor treatment should be discontinued if LDL-C 
is not reduced at all. However, a retrospective study 
found that the administration of statin and other 
drugs was effective in reducing the mortality rates in 
HoFH1399). Furthermore, a microsomal triglyceride 
transfer protein (MTP) inhibitor, which was developed 
for patients with HoFH, has been reported to reduce 
LDL-C by approximately 50%1202, 1230). However, 
since the frequencies of adverse events such as fatty 

delays the recurrence of CAD in HeFH1180), but its 
side effects such as QT prolongation should also be 
kept in mind.

4) Indications for Lipoprotein Apheresis
For HeFH, insurance coverage is allowed in cases 

where serum LDL-C level exceeds 370 mg/dL in 
steady state (body weight and serum albumin can be 
maintained) under diet therapy and does not fall 
below 170 mg/dL, andif coronary atherosclerosis is 
evident with xanthoma.

4.  Treatment of Adult HoFH (15 years 
and older)

1) Target Control Levels
In HoFH, it is essential to lower LDL-C as 

quickly as possible, and aggressive treatment should be 
implemented. Ideal LDL-C control targets for HoFH 
are ＜100 mg/dL for primary prevention and ＜70 
mg/dL for secondary prevention, although this is 
often difficult to achieve.

2) Lifestyle Interventions
Lifestyle interventions such as diet, exercise, 

smoking cessation, and obesity control are 
fundamental to the treatment of HoFH patients. 
Since HoFH develops atherosclerosis significantly 
more rapidly than HeFH, before giving guidance in 
exercise therapy and initiating it, patients should be 

Fig. 9. Flowchart of HeFH treatment in adults (15 years and older)
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should be considered at age 10 or older, regardless of 
gender. First-line drug therapy is statins, starting with 
the lowest dose. In Japan, pitavastatin has been 
indicated for children 10 years of age and older. The 
target value for the management is an LDL-C level of 
less than 140 mg/dL. Ensure to maintain below 140 
mg/dL in cases with a family history of premature 
CAD or risk factors such as diabetes. Although it is 
difficult to achieve the goal in severe cases, try to get 
as close to the goal with the use of drug combination 
therapy. Even after the start of drug therapy, lifestyle 
guidance, including diet, should be provided.

For cases of probable FH (Table 22), drug 
therapy should also be considered in cases of persistent 
hyper-LDL of 180 mg/dL or more1393).

6.  Pregnancy and delivery of patients 
with FH

For patients with FH who wish to become 
pregnant, it is necessary to evaluate the status of 
atherosclerosis in advance by carotid artery 
echocardiography, etc. and to provide adequate 
preconception counseling in preparation for a safe 
continuation of pregnancy and delivery. The 
administration of lipid-lowering drugs other than 
anion exchange resins during pregnancy should be 
done with caution due to concerns about the risk of 
incidence of fetal malformations and other problems. 
According to the National Institute of Health and 
Clinical Excellence, if pregnancy is discovered while 
taking a lipid-lowering medication other than an 
anion exchange resin, the medication should be 
discontinued immediately, and if a woman wishes to 

liver and diarrhea are high with MTP inhibitor, it is 
essential to strictly control fat and alcohol intake. 
Probucol reportedly exerts a certain LDL-C lowering 
effect in HoFH and can cause the regression or 
disappearance of xanthoma on the skin and Achilles 
tendon1400). However, for LDL-C control, lipoprotein 
apheresis therapy is still required once every 1–2 weeks 
in many cases. Liver transplantation is an option for 
patients who are resistant or intolerant to all of the 
above treatments, but there are currently very few 
cases of liver transplantation in Japan1401, 1402).

4) Lipoprotein Apheresis for HoFH
In patients with HoFH, as it is difficult to 

sufficiently reduce the LDL-C level using existing 
drug therapies, continued therapy for lipoprotein 
apheresis is required from childhood in many cases. 
The earlier the age at which lipoprotein apheresis 
therapy is started, the better to control the progression 
of ASCVD, but it is difficult to implement until the 
affected child is able to rest during lipoprotein 
apheresis. The realistic starting time for treatment is 
around 4-6 years of age, when the child is bedridden 
and extracorporeal circulation can be performed.

5.  Treatment of Pediatric FH (under the 
Age of 15)

Once FH is diagnosed, lifestyle advice should be 
provided as early as possible in order to reduce the risk 
of atherosclerosis, including lowering LDL-C levels. 
Fig. 11 shows a flowchart of pediatric HeFH 
treatment1393). If the level of LDL-C remains above 
180 mg/dL despite lifestyle modification, drug therapy 

Fig. 10. Flowchart of HoFH treatment in adults (15 years and older)
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prior to pregnancy to evaluate atherosclerosis status. 
In HoFH, lipid-lowering medications other than 
anion exchange resins should be discontinued 3 
months before expected pregnancy. Lipoprotein 
apheresis should be performed during pregnancy due 
to the high stress on the cardiovascular system in the 
late pregnancy, especially during the birth. 
Lipoprotein apheresis therapy can be administered 
safely during pregnancy.

have a baby while taking the medication, she should 
stop taking the medication for 3 months before trying 
to conceive. Lipid lowering medications other than 
anion exchange resin (resin) should also be 
discontinued during the postpartum lactation period.

It is important to be more deliberate about 
pregnancy in patients with HoFH. Screening for 
atherosclerosis by carotid echocardiography, 
echocardiography, and exercise stress electrocardiography 

Fig. 11. Flowchart of treatment for pediatric FH heterozygotes (under the age of 15)
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1.  Primary Dyslipidemia and 
Designated Intractable Diseases

In addition to FH, there are several types of 
primary dyslipidemias caused by a single gene 
mutation or a highly heritable component. Their 
classification based on pathogenesis and genetic 
abnormalities has been proposed (Table 23). Of these, 
HoFH (homozygotes) (designated intractable disease 
79) has been recognized since 2009, and lecithin 
cholesterol acyltransferase deficiency (designated 
intractable disease 259), sitosterolemia (designated 
intractable disease 260), Tangier disease (designated 
intractable disease 261), primary hyperchylomicronemia 
(designated (designated intractable disease 262), 
cerebrotendinous xanthomatosis (designated 
intractable disease 263), abetalipoproteinemia 
(designated intractable disease 264), and familial 
hypobetalipoproteinemia (designated intractable 
disease 336) are each designated as incurable diseases 
under the national “Law Concerning Medical Care for 
Patients with Intractable Diseases” (Intractable Disease 
Law) and are covered by medical expenses subsidies 
(see https://www.nanbyou.or.jp/). For HoFH 
(homozygotes) and the six diseases other than 
cerebrotendinous xanthomatosis, the number of 
medical beneficiaries is small and there may be many 
undiagnosed cases, making further disease awareness 
and education an issue for the future. The outline and 
diagnostic criteria for these designated intractable 
diseases were developed by the “Research Group for 
Primary Hyperlipidemia” (renamed the “Research 
Group for Primary Dyslipidemia” in FY2021), an 
Intractable Disease Control Project of the Ministry of 
Health, Labour and Welfare, and are available on the 
website of the Japan Intractable Diseases Information 
Center (https://www.nanbyou.or.jp/). The Japanese-
language review can be found on the Research Group’s 
website (https://nanbyo-lipid.com/).Referral to a 
specialist is recommended for any of these diseases.

A m o n g  p r i m a r y  d y s l i p i d e m i a s ,  F H , 
sitosterolemia, primary hypo-HDL cholesterolemia, 
and cerebrotendinous xanthomatosis (non-neurogenic 
type) have been suggested to be atherosclerosis-
inducing1403, 1404). Primary hyperchylomicronemia is a 
risk for acute pancreatitis and, depending on genetic 
predisposition, may be atherosclerosis-inducing. In 
addition, although not designated as an incurable 
disease, familial combined hyperlipidemia and familial 
type III hyperlipidemia should be diagnosed and 

Chapter 5.   Other Primary Dyslipidemias

treatment initiated at an early stage because of the 
increased risk of ASCVD incidence. Primary 
dyslipidemias that have been suggested to induce 
ASCVD other than FH are outlined below.

2.  Familial Combined Hyperlipidemias 
(FCHL)

1) Causes
FCHL was proposed as a primary hyperlipidemic 

disease that is common in patients who survived 
myocardial infarction1405).  The disease is a 
combination of hereditary and acquired factors such 
as lifestyle to various degrees, presenting with type IIb 
combined hyperlipidemia. It can also fluctuate to Type 
IIa and Type IV depending on diet, age, and other 
factors. First-degree relatives often have type IIa, IIb, 
and IV patients. It was thought to be a single-gene 
disease with autosomal dominant inheritance, but a 
multifactorial basis is now speculated1406). In addition 
to the LPL gene, USF-1 gene, apoprotein B gene, 
apoprotein C-II gene, apoprotein A-I/C-III/A-IV gene 
cluster, many related genes have been reported, 
including the LDL-R gene and PCSK9 gene, and the 
disease is thought to occur when factors such as 
overnutrition, obesity and lack of physical activity are 
present. FCHL is genetically similar to type IV 
hyperlipidemia1407). The frequency is extremely high, 
about 1% of the general population. In Japan, the 
frequency is already as high as 0.4% in the general 
pediatric population1408).

2) Clinical Symptoms
Elevation of serum LDL-C is milder than FH, 

and there are no physical symptoms such as 
xanthomas. CAD is frequent, although not as frequent 
as in FH1409, 1410). In Japan, the incidence of myocardial 
infarction is recognized from the age of 35 years in 
men and 55 years in women. FCHL is found in 32% 
of patients under 65 years of age with myocardial 
infarction, etc1411).

3) Examination Findings and Diagnosis
Hyper LDL-C and hypertriglyceridemia are only 

mild to moderate. Reflecting the above pathology, an 
increase in apoprotein B and the appearance of small 
LDL particles (sd-LDL) are observed. Diagnosis is 
made according to the diagnostic criteria of the 
Research Group for Primary Hyperlipidemia (Table 
24). Apoprotein B-100/LDL-C ratio ＞1.0, 
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by the incidence of CAD and other ASCVD diseases.

3. Familial Type III Hyperlipidemia
1) Causes

Familial Type III Hyperlipidemia is an inherited 
hyperlipidemia due to an abnormality of apoE, also 
known as broad beta disease. Because apoE is required 
for hepatic uptake of remnant lipoproteins, remnant 
lipoproteins such as IDL, chylomicron remnants, and 

lipoprotein polyacrylamide disk (PAG) electrophoresis 
proves sd-LDL.

4) Treatment
The treatment of FCHL is essentially similar to 

that of FH. Lifestyle modification through diet and 
exercise therapy and correction of obesity are of 
utmost importance. Their responses to diet and/or 
drugs are better than those in FH. Statins, fibrates, 
and ezetimibe are effective. The prognosis is defined 

Table 23. Classification of primary dyslipidemia

Primary hyperlipidemia

Primary hyperchylomicronemia (Designated intractable disease 262) •Familial lipoprotein lipase (LPL) deficiency

•GPIHBP1 deficiency

•LMF1 deficiency

•Apoprotein A-V deficiency

•Apoprotein C-II deficiency

•Primary hyperlipidemia type V

•Others

Primary hypercholesterolemia •Familial hypercholesterolemia

[LDL receptor abnormalities, PCSK9 abnormalities,

Familial apo B100 abnormalities, 

LDLRAP1 abnormalities (autosomal recessive

hypercholesterolemia), other]

- Familial hypercholesterolemia homozygous

  (Designated intractable disease 79)

- Familial hypercholesterolemia heterozygous

•Polygenic hypercholesterolemia

•Familial combined hyperlipidemia

Familial type III hyperlipidemia •Apoprotein E abnormality

•Apoprotein E deficiency

Primary hypertriglyceridemia •Familial type IV hyperlipidemia

Primary hyper-HDL cholesterolemia •CETP deficiency

•HL deficiency 

•Others

Primary hypolipidemia

Abetalipoproteinemia (MTP abnormality) •Abetalipoproteinemia (Designated intractable disease 264)

Familial hypobetalipoproteinemia (FHBL) • Familial hypobetalipoproteinemia (FHBL) 1 (apoprotein B 
abnormalities) (Homozygotes are Designated intractable disease 336)

• Familial hypobetalipoproteinemia (FHBL) 2 (ANGPTL3 
abnormalities) 

•PCSK9 abnormalities

Familial Hypo-HDL cholesterolemia •Tangier disease(Designated intractable disease 261)

• Lecithin cholesterol acyltransferase deficiency (Designated 
intractable disease 259)

•Apoprotein A-I deficiency

Others

•Sitosterolemia (Designated intractable disease 260)

• Cerebrotendinous Xanthomatosis (Designated Intractable Disease 263)
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CAD, carotid arteriosclerosis, renal arteriosclerosis, 
PAD) and is also complicated by renal vascular 
hypertension and intermittent claudication due to 
PAD. In Europe and the United States, the risk of 
incidence of CAD increases by 5- to 8-fold1415). The 
frequency of complications of CAD is also high in 
Japan1416).

3) Examination Findings and Diagnosis
Both serum TC and TG are elevated, ranging 

from slightly above normal to TC 500 mg/dL and TG 
2,000 mg/dL in some cases. The diagnostic criteria of 
the Research Group for Primary Dyslipidemia Study 
Group (Table 25) are used for diagnosis. The broad β 
pattern can be demonstrated by polyacrylamide gel 
electrophoresis in cases where both TC and TG are 
elevated, and the apoE/TC* ratio exceeds 0.05, etc., 
which can be screened in routine practice. Other 
proposed indices include apoE/apoB ＞0.20 and 
apoE/apoCIII ＞1.0 1417), TC/apoB ＞2.4 and TG/
apoB ＜8.85 1418), RLP-C/TG ＞0.1 1414), non-
HDL-C/apoB ＞3 1419), apoB48/TG ＞0.11 1420). 
Compared to those of algorithms using TC and apoB 
or TC/TG and apoB, non-HDLC/apoB has superior 
sensitivity and specificity529). In lipoprotein analysis by 
ultracentrifugation or HPLC, LDL-C decreases. In 
addition, a marked increase in cholesterol in the IDL 

β-VLDL (cholesterol-rich VLDL that migrates in the 
β position in electrophoresis) accumulate in the 
blood1412, 1413). There are three major isoforms of apoE. 
Besides the most frequent wild-type E3, there are E2 
and E4 isoforms. Familial type III hyperlipidemia is 
caused by a functional abnormality of apoE, mainly 
apoE2/E2, and in rare cases, genetic mutations such as 
apoE1, abnormal apoE3, and apoE deficiency have 
also been reported. ApoE2/E2 alone often does not 
cause marked lipid abnormalities, which are 
manifested by complications of other conditions 
(diabetes, obesity, alcohol consumption, pregnancy, 
hypothyroidism, etc.) or drugs (estrogens and 
psychotropic drugs). It is estimated that the frequency 
of E2/E2 is 0.3-2.0% in Europe and the United 
States. Less than about 10% of these patients present 
with type III hyperlipidemia1414). E2/E2 is estimated 
to occur at a frequency of about 0.2% per general 
population in Japan, but the number of cases 
diagnosed as familial type III hyperlipidemia is only 
0.01-0.02%, and disease awareness is desirable.

2) Clinical Symptoms
Accumulation of remnants in the tissues may 

result in the appearance of palmar linear xanthomas 
and cutaneous nodular xanthomas. It is prone to be 
associated with premature atherosclerotic disease (e.g., 

Table 24. Diagnostic Criteria for Familial Combined Hyperlipidemia (FCHL)

Items (1)  Type IIb is the standard, but phenotypes IIa and IV can also be taken.

(2)  Prove the existence of Apoprotein B/LDL cholesterol ＞1.0 or small dense LDL (LDL particle size ＜25.5 nm)

(3)  Excluding familial hypercholesterolemia and secondary hyperlipidemia such as diabetes mellitus.

(4)   Hyperlipidemia of phenotype IIb, IIa, or IV exists in first-degree relatives, and at least one person, including the patient, 
has phenotype IIb or IIa

Diagnosis (1) to (4) must all be met for a definite diagnosis, but only (1) to (3) may be used as a simple diagnostic criterion for routine 
diagnosis.

(Translated and reprinted from the Ministry of Health and Welfare, Research Group for the Investigation of Primary Hyperlipidemia of Specific Diseases, 
FY2000 report)

Table 25. Diagnostic Criteria for Familial type III hyperlipidemia

Main items (1) Serum cholesterol and serum triglyceride levels are both elevated

(2) Electrophoresis of plasma lipoproteins shows a broad β pattern of continuity from VLDL to LDL

(3) Electrophoresis of apolipoproteins to prove abnormalities of apolipoprotein E (E2/E2, E deficiency, etc.)

Sub items (1) Xanthoma (especially palmar linear xanthoma)

(2) Increased serum apolipoprotein E concentration (apolipoprotein E/total cholesterol ratio ＞0.05)

(3) VLDL cholesterol/serum TG ratio greater than 0.25

(4) Decrease in LDL cholesterol

(5) With ASCVD such as arteriosclerosis obliterans and ischemic heart disease

Diagnosis Definite diagnosis when all three major items are present.

Diagnosis as suspected when 2 of the major items and 1 or more of the sub items are present

(Translated and reprinted from the Ministry of Health and Welfare, Research Group for the Investigation of Primary Hyperlipidemia of Specific Diseases, 
FY 1986 and 1987 Report)
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lecithincholesterol acyl transferase (LCAT), an enzyme 
important for cholesterol esterification, resulting in an 
increase in serum free cholesterol and lecithin 
(phosphatidylcholine) that results in a marked 
decrease in HDL-C and a decrease in serum 
cholesterol ester ratio (CE/TC). Tissue deposition of 
altered lipoproteins results in corneal opacity, 
hemolytic anemia, and renal damage1421). It has also 
been reported that significantly low HDL-C blood 
levels can lead to ASCVD1422).

2)  Tangier disease 
(Designated Intractable Disease 261: https://www.
nanbyou.or.jp/entry/4586)

Tangier disease is an autosomal recessive disorder 
in which serum HDL-C and apoprotein A-I levels are 
markedly low due to genetic mutations in ATP 
binding cassette transporter A1 (ABCA1), which is 
important for cholesterol withdrawal from cells by 
apoprotein A-I, characterized by enlarged orange 
pharyngeal tonsils, hepatosplenomegaly, corneal 
opacity, peripheral neuropathy, and premature 
CAD1422, 1423).

3) Apoprotein A-I Deficiency
Apoprotein A-I Deficiency is a condition caused 

by a deficiency or abnormality of apoprotein A-I, the 
major constituent apoprotein of HDL. ApoC-III and 
apoA-IV may be deficient along with apoA-I. Serum 
HDL-C and apoA-I levels are markedly low. Although 
there is no orange tonsillar hypertrophy seen in 
Tangier disease or the decreased cholesterol ester ratio 
and renal impairment seen in LCAT deficiency, there 
is a risk of premature CAD complications1422, 1424).

6. Other
Primary hyperchylomicronemia (familial 

lipoprotein lipase (LPL) deficiency, GPIHBP1 
deficiency, LMF1 deficiency, apoprotein C-II 
deficiency, apoprotein A-V deficiency, etc.) is a 
marked hyperchylomicronemia resulting in 
hyper tr igcer idemia ,  typica l ly  with type I 
hyperlipidemia but type V hyperlipidemia may also 
occur. Strict fat restriction (no more than 15-20 g/
day) as it often causes acute pancreatitis. Attention 
should be paid to the possibility that some genetic 
predispositions (e.g., hypertriglyceridemia associated 
with apoA-V gene abnormalities) may put the patient 
at risk for atherosclerosis.

fraction (1.006 ＜d ＜1.019) and a high cholesterol/
TG ratio (≥ 0.25) in the VLDL fraction (d ＜1.006) 
are confirmed in ultracentrifugation. Abnormalities in 
apoE isoforms should be confirmed by isoelectric 
electrophoresis, their Western blotting, or genetic 
analysis. (*All units are mg/dL except apoB48, which 
is μg/ml.)

4) Treatment
Early diagnosis and treatment are important 

because the disease responds relatively well to lifestyle 
modifications such as diet like fat restriction and 
exercise therapy. In cases with complications such as 
diabetes, obesity, and hypothyroidism, treatment of 
these complications also improves dyslipidemia. 
Fibrates are the first-line drugs, but statins and 
nicotinic acid derivatives are also effective. With early 
diagnosis and treatment, the prognosis is relatively 
good. Regular examinations to prevent the incidence 
of CAD, carotid atherosclerosis, PAD, etc. should be 
performed, and a visit to a specialist in lipid 
metabolism is recommended.

4.  Sitosterolemia 
(Designated Intractable Desease 260: https://www.
nanbyou.or.jp/entry/4857)

Sitosterolemia is an autosomal recessive inherited 
disorder that causes accumulation of sitosterol in the 
blood or tissues due to decreased excretion of 
sitosterol, a type of plant sterol found in vegetables 
and fruits, with clinical manifestations such as skin 
and tendon xanthomas and premature onset of CAD. 
Decreased excretion of phytosterols associated with 
genetic mutations in ATP binding cassettetransporter 
G5 and G8 (ABCG5/8) is involved in pathogenesis. 
The clinical presentation is similar to that of FH, and 
differentiation is important151). Ezetimibe and 
colestimide are effective.

5.  Primary Hypo-HDL Cholesterolemia 
(Fig.12)

1)  Lecithin Cholesterol Acyltransferase 
Deficiency 
(Designated Intractable Disease 259: https://www.
nanbyou.or.jp/entry/4547) 

Lecithin Cholesterol Acyltransferase Deficiency 
is an autosomal recessively inherited disease, caused by 
enzyme def ic iency or  reduced act iv i ty of 
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1. Secondary Dyslipidemia
Dyslipidemia is classified into primary 

dyslipidemia, which is based on constitutional or 
genetic abnormalities, and secondary dyslipidemia, 
which is caused by various diseases. In other words, 
secondary dyslipidemia is an abnormality in lipid 
metabolism caused by other diseases or side effects of 
drugs. The basis of the treatment of secondary 
dyslipidemia is to elucidate the cause of the disease or 
condition and to treat the underlying diseases. 
Secondary dyslipidemia accounts for 30-40% of all 
dyslipidemias1425). As a general rule, the treatment of 
secondary dyslipidemia is prioritized over the 
treatment of the underlying disease. Dyslipidemia can 
also be cured or improved by changing or 
discontinuing the causative agent. Caution should be 

Chapter 6.   Secondary Dyslipidemia

For secon dary dyslipidemia, the underlying disease should be adequately treated.

exercised in the treatment of dyslipidemia with statins, 
etc., which can lead to serious adverse events such as 
rhabdomyolysis if treatment is easily initiated without 
the identification of secondary dyslipidemia, such as 
dyslipidemia due to hypothyroidism.

2.  Diseases and Conditions that Cause 
Secondary Dyslipidemia

Table 26 shows the main conditions that cause 
secondary dyslipidemia1426). Secondary dyslipidemia 
includes cases of increased cholesterol (e.g., 
hypothyroidism), increased TG (e.g., alcohol 
consumption), or increased cholesterol and TG 
together (nephrotic syndrome)1426). The increase or 
decrease of each lipoprotein is then confirmed in 
secondary dyslipidemia (Table 27)1427).

Table 26. Causes of secondary dyslipidemia

Items Cholesterol Triglyceride

1. Hypothyroidism ↑
2. Nephrotic syndrome ↑ ↑
3. Chronic kidney disease (CKD) ↑
4. Primary biliary cholangitis (PBC) ↑
5. Obstructive jaundice ↑
6. Diabetes ↑ ↑
7. Obesity ↑
8. Cushing’s syndrome ↑ ↑
9.  Pheochromocytoma ↑ ↑
10. Drugs Drug dependent

11. Alcohol intake ↑
12. Smoking ↑

Adapted from Secondary dyslipidemia: its treatment and association with atherosclerosis. Glob Health Med 2021; 3: 15‐23.
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2.1 Hypothyroidism

• Hypothyroidism causes secondary dyslipidemia and induces atherosclerosis1428). Thyroid 
hormone replacement improves dyslipidemia and inhibits the development of atherosclerosis.

When considering dyslipidemia due to 
hypothyroidism, it is necessary to distinguish between 
overt hypothyroidism, in which thyroid hormone 
levels are low, and subclinical hypothyroidism, in 
which thyroid stimulating hormone (TSH) levels are 
high despite normal thyroid hormone levels. 

Hypothyroidism should be divided into overt and 
subclinical hypothyroidism. In overt hypothyroidism, 
TC, LDL-C, apoB, and Lp(a) increase, and TG shows 
a normal to mild increase1429). In particular, LDL-C 
has been reported to increase by 30%1429). Thyroid 
hormones are involved in 7α-hydroxylase, the rate-

Table 27. Causes of secondary dyslipidemia in terms of increase or decrease of each lipoprotein

LDL HDL

increase decrease increase decrease

Hypothyroidism Severe liver disease Alcohol consumption Smoking

Nephrotic syndrome Malabsorption Exercise Type 2 diabetes mellitus

Bile stasis Malnutrition Exposure to chlorinated hydrocarbons Obesity

Acute intermittent porphyria Gaucher’s disease Drugs: Malnutrition

Anorexia nervosa Chronic infections Estrogen Gaucher's disease

Hepatocellular carcinoma Hyperthyroidism Cholesterol ester accumulation

Drugs: Drugs: Drugs:

Thiazide diuretics Niacin addiction Anabolic steroids

Cylcosporin Beta-blockers

Carbamazepine

VLDL IDL Chylomicron LP(a)

increase increase increase increase

Obesity Multiple myeloma Autoimmune diseases CKD

Type 2 diabetes mellitus Monoclonal gamma globulinemia Type 2 diabetes mellitus Nephrotic syndrome

Glycogenic disease Autoimmune diseases Inflammation

Nephrotic syndrome Hypothyroidism Menopause

Hepatitis Spermosuction

Alcohol consumption Hypothyroidism

Renal failure Acromegaly

Sepsis Drugs:

Stress Isotretinoin

Cushing’s syndrome

Pregnancy

Acromegaly

Lipodystrophy

Drug:

Estrogen

Beta-blocker

Glucocorticoids

Bile acid-binding resins

Retinoic acid

HDL, high density lipoprotein; IDL, intermediate density lipoprotein; LDL, low density lipoprotein; Lp(a), lipoprotein(a); VLDL, very low density 
lipoprotein
New Clinical Internal Medicine, Yoshida H.: Secondary dyslipidemia. Igaku Shoin 2020, Rader DJ, Hobbs HH. 421: Disorders of lipoprotein 
metabolism. Reprinted with modification from Harrison’s Principles of Internal Medicine, 19e, 2015
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decrease in TC and LDL-C, regardless of TSH 
levels1432). Thyroid hormone replacement therapy for 
subclinical hypothyroidism has also been shown to 
decrease IMT1433, 1434). However, at this time, the effect 
of thyroid hormone replacement therapy on the 
prevention of cardiovascular events in patients with 
subc l in ica l  hypothyroid i sm has  not  been 
demonstrated1435).

Hypothyroidism is a risk factor for statin-
induced muscle damage1436). There have been reports 
of cases of overt hypothyroidism in which acute 
kidney failure due to rhabdomyolysis occurred because 
a statin was administered prior to thyroid hormone 
replacement. Hypothyroidism is a causative agent of 
secondary dyslipidemia that deserves attention.

In older people and patients with thyroid diseases 
such as chronic thyroiditis, a high intake of iodine 
from kelp, hijiki, and other sources can cause a Wolf-
Chaikoff effect, etc. Therefore, when treating patients 
with hypothyroidism, which is the cause of secondary 
dyslipidemia, dietary therapy should also be taken 
into consideration, including guidance to avoid 
excessive iodine intake.

limiting enzyme in the synthesis of bile acids from 
cholesterol, and in the induction of LDL receptor 
expression. Therefore, when thyroid hormones are 
decreased, LDL catabolism and excretion decrease and 
LDL-C increases1430). This condition resembles FH 
and is important as a differential disease for FH. If 
dyslipidemia is diagnosed in overt hypothyroidism, 
thyroid hormone replacement should be administered 
to normalize thyroid function before administering 
statins or other drugs for dyslipidemia.

In subclinical hypothyroidism, a meta-analysis of 
14 observational studies showed an odds ratio of 2.38 
(95% CI: 1.53-3.69) for the incidence of CAD after 
adjustment for other coronary risk factors1428). In a 
meta-analysis looking at the effects of subclinical 
hypothyroidism on dyslipidemia and carotid intima-
media thickening (IMT), subclinical hypothyroidism 
with TSH ≥10 μU/mL was associated with increased 
TC, LDL-C, TG and increased IMT1431). A meta-
analysis that examined the effect of thyroid hormone 
replacement therapy on dyslipidemia in patients with 
subclinical hypothyroidism showed that replacement 
therapy for more than 6 months was associated with a 

2.2 Nephrotic Syndrome

• Nephrotic syndrome is a cause of secondary dyslipidemia and has also been implicated in the 
incidence of ASCVD.

The mechanisms underlying the incidence of 
dyslipidemia in nephrotic syndrome include a 
compensatory increase in hepatic VLDL synthesis and 
secretion with a subsequent increase in LDL due to 
protein leakage into the urine, decreased clearance of 
TG-rich lipoproteins due to decreased activity of 
lipoprotein lipase (LPL) and hepatic lipase (HL), 
impaired HDL maturation and other factors1437, 1438). 
Recently, PCSK9, which is involved in the turnover of 
LDL receptors, has been implicated in the incidence 
of dyslipidemia in nephrotic syndrome1438). In an 
observational study comparing patients with nephrotic 
syndrome with healthy controls, plasma PCSK9 levels 
were significantly higher in patients with nephrotic 
syndrome than in healthy controls, and PCSK9 levels 
showed a significant positive correlation with TC and 
LDL-C levels1439). In a cohort study, unmatched 
analysis adjusted for hypertension and smoking at 
diagnosis showed a relative risk of 5.5 (95% CI: 1.6-
18.3) of myocardial infarction and 2.8 (95% CI: 0.7-
11.3) of coronary death in nephrotic syndrome1440). 

Dietary intervention studies for nephrotic 
syndrome have reported that a soy diet produces 
significant reductions in TC, LDL-C, HDL-C, apo A, 

apo B, and urinary protein1441,1442). The n-3 
polyunsaturated fatty acids have also been shown to 
significantly reduce TG, VLDL-C, small dense LDL, 
remnant-like lipoprotein particle cholesterol (RLP-C) 
and RLP-TG1443). In the dyslipidemia intervention for 
nephrotic syndrome, RCTs and other studies have 
shown that statins reduce TC, LDL-C and TG 
relatively safely, but few studies have demonstrated the 
effect of statins on renal outcomes1426, 1444). Fibrates 
have shown significant decreases in TG, TC, LDL-C, 
and apoB and significant increases in HDL-C with 
gemfibrozil, but no positive effects on renal outcomes 
have been reported1426, 1444). The effect of pemafibrate 
and even ezetimibe on dyslipidemia in nephrotic 
syndrome is not yet clear. PCSK9 inhibitors are 
effective in CKD. Its effectiveness in nephrosis is 
promising, however, further studies are needed1444-1447). 
On the other hand, lipoprotein apheresis and 
prednisone combination therapy in patients with 
treatment resistant focal glomerulosclerosis/nephrotic 
syndrome markedly reduced LDL-C and resulted in 
remission of the nephrotic syndrome in 47.7-71.0% 
of patients1426, 1444).

A meta-analysis that evaluated cardiovascular 
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presenting with refractory nephrotic syndrome are 
middle-aged and older people, are prone to 
arteriovenous thromboembolism, and are treated with 
prolonged steroid therapy, drugs for dyslipidemia are 
considered highly necessary1449).

events in patients with nephrotic syndrome found no 
benefit of dyslipidemia medications on all-cause 
mortality, cardiovascular death, or incidence of 
nonfatal myocardial infarction1448). Considering that 
most patients with membranous nephropathy 

2. 3 Chronic Kidney Disease: CKD

In CKD, insulin resistance is induced by 
metabolic acidosis, inflammation, oxidative stress, and 
uremia1450), which may increase VLDL synthesis and 
increase VLDL, IDL, and RLP-C due to decreased 
activity of LPL and HL1451). CKD is considered to be 

a highly atherogenic condition1452). For a summary of 
CKD, the level of evidence, its relationship to 
atherosclerosis, and atherogenic lipoproteins, see the 
relevant chapters and sections.

2.4  Primary Biliary Cholangitis and Obstructive Jaundice

• Primary biliary cholangitis and obstructive jaundice are causes of secondary dyslipidemia, but 
their association with the incidence of ASCVD is unknown.

Primary Biliary Cholangitis (PBC)
It is an autoimmune liver disease with positive 

antimitochondrial antibodies. The secretion of 
cholesterol and bile acids into bile is impaired, 
resulting in elevated serum cholesterol. The 
dyslipidemia seen in this disease is characterized by 
high LDL-C regardless of the stage of the disease and 
high HDL-C until the end stage of liver cirrhosis1453). 
A systematic review of the association between PBC 
and CAD risk found no significant association 
between PBC and CAD in the general analysis1453), 
although one study showed cardiovascular disease 
death in 12% of PBC patients1454). This suggests that 
there is a patient population for whom lipid 
management is necessary for the life prognosis of 
PBC. Consider treatment for patients with PBC who 
have other risk factors for atherosclerosis, such as 

hypertension1455).

Obstructive Jaundice
Obstructive jaundice is a condition in which the 

extrahepatic bile ducts are obstructed by gallstones or 
tumors, resulting in impaired bile outflow and bile 
stasis in the liver. Impaired bile excretion into the 
intestinal tract, impaired fat absorption in the 
gastrointestinal tract, and increased cholesterol 
synthesis in the gastrointestinal wall occur. HDL-C 
also decreases due to impaired synthesis in the liver 
and impaired synthesis in the intestinal tract due to 
insufficient bile acid supply. LDL-C is elevated, and 
HDL-C is low. It is often accompanied by an increase 
in abnormal lipoprotein, lipoprotein X which is rich 
in phospholipids and free cholesterol1456).

2.5 Diabetes and Obesity

When diabetic ketoacidosis occurs in type 1 
diabetes mellitus caused primarily by insulin 
deficiency, hyperchylomicronemia (CM) with serum 
TG ＞1,000 mg/dL may occur, leading to acute 
pancreatitis. This is due to a marked decrease in LPL 
activity caused by insulin deficiency. Insulin therapy 
p r o m p t l y  i m p r o v e s  b l o o d  g l u c o s e  a n d 
hyperchylomicronemia. Because this is a transient 
pathological condition, it has not been shown to be 
related to atherosclerosis.

In type 2 diabetes and obesity, dyslipidemia is 
induced by insulin resistance1457). Increased activity of 

hormone-sensitive lipase (HSL) in adipose tissue 
increases free fatty acids in the blood. Increased free 
fatty acid influx into the liver increases VLDL 
synthesis. Insulin resistance decreases LPL activity and 
causes impaired VLDL metabolism, leading to further 
increases in VLDL. Metabolic disorders in VLDL also 
cause a decrease in HDL. In type 2 diabetes, there is 
also an increase in LDL-C due to decreased LDL 
receptor activity and increased small intestinal 
cholesterol transporter (Niemann-Pick C1 Like 1). 
Type 2 diabetes is an important risk factor for 
atherosclerosis.
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atherogenic lipoproteins, see the relevant chapters and 
sections.

For a summary of diabetes and obesity, level of 
evidence, association with atherosclerosis, and 

2.6 Cushing’s Syndrome

• Cushing’s syndrome is a cause of secondary dyslipidemia and has been implicated in the 
development of atherosclerosis.

Cushing’s syndrome is caused by excessive 
cortisol secretion and presents with central obesity, 
impaired glucose tolerance, hypertension, and 
dyslipidemia. Because cortisol promotes VLDL 
synthesis in the liver, serum cholesterol and TG are 

increased in patients with Cushing’s syndrome1458). A 
meta-analysis reported that Cushing’s syndrome is 
associated with IMT thickening, carotid plaque 
formation, and vascular endothelial dysfunction1459).

2.7 Pheochromocytoma

• Pheochromocytomas cause secondary dyslipidemia.

Tumors of the adrenal medulla and paraganglia, 
which oversecrete  catecholamines such as 
noradrenaline, resulting in endocrine hypertension 
and  s econdar y  d i abe t e s  me l l i tu s .  Exce s s 
catecholamines activate HSL in adipose tissue, 
increasing free fatty acids in the blood, and the 

increased free fatty acids flow into the liver, increasing 
VLDL synthesis. However, certain observations have 
not been made in case reports on the dyslipidemic 
phenotype in pheochromocytoma and the effect of 
treatment on dyslipidemia1460-1462).

2.8 Drugs

• The use of diuretics, beta-blockers, steroids, estrogen/progesterone, atypical antipsychotics, 
HIV medications (protease inhibitors), immunosuppressive drugs, and retinoids can cause 
secondary dyslipidemia.

Diuretic
Thiazide diuretics are believed to exacerbate 

insulin resistance and increase VLDL production in 
the liver, resulting in increased TG, but the 
mechanism is unclear. No consistent effects on LDL-C 
or HDL-C have been reported. However, although 
thiazide diuretics have been reported to affect lipids at 
high doses as in the past, the doses currently used as 
fixed-dose combination drugs or even as single agents 
recommended in the Japanese Society of Hypertension 
guidelines have little effect on TG, LDL-C, etc. 1463, 1464).

Beta-Blocker
Beta-blockers without intrinsic sympathomimetic 

activity (ISA) or beta1 nonselective beta-blockers have 
been shown to adversely affect insulin resistance and 
decrease LPL activity, resulting in increased TG due to 
increased VLDL. 

Steroid
Steroids increase VLDL synthesis and HDL 

synthesis in the liver. As a result, VLDL, LDL, and 
HDL increase, presenting as type IV or type IIb 
hyperlipidemia.

Estrogen/Progesterone
Estrogen increases VLDL synthesis in the liver, 

suppresses HL activity, and enhances LDL receptor 
expression1465-1467). Therefore, estrogen causes a 
decrease in LDL-C and an increase in HDL-C and 
TG1468). Progesterone antagonizes the effects of 
estrogen, resulting in an increase in LDL-C and a 
decrease in TG and HDL-C1468). Therefore, their 
effects on serum lipids vary depending on their ratio. 
When used as hormone replacement therapy for 
menopause or as a treatment for prostate cancer, it is 
known to affect lipid metabolism in a dose-dependent 
manner. However, dyslipidemia is not usually seen as 
a problem with low-dose pills for contraceptive 
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inhibitors1471). It is thought to be due to dyslipidemia 
s u c h  a s  h y p e r - L D L  c h o l e s t e r o l e m i a , 
hypertriglyceridemia, and hypo-HDL cholesterolemia, 
which are side effects of protease inhibitors1472, 1473). 
Integrase inhibitors, a new generation of anti-HIV 
drugs, have little effect on serum lipids1474).

Atypical Antipsychotic Agent
Atypical antipsychotics such as olanzapine have 

been shown to cause obesity, insulin resistance1475), 
h y p e r t r i g l y c e r i d e m i a  a n d  h y p o - H D L 
cholesterolemia1476).

Retinoids
Retinoids are a generic name for vitamin A 

analogs, used in the treatment of acute promyelocytic 
leukemia and skin diseases. Hypertriglyceridemia is 
common, occurring in 17% of patients using 
retinoids1477). Retinoids enhance apoC-III expression 
v i a  r e t i n o i d  X  r e c e p t o r s ,  r e s u l t i n g  i n 
hypertriglyceridemia1477, 1478). An increase in LDL-C 
and a decrease in HDL-C were also observed1477).

purposes.

Immunosuppressant Drugs
Increased serum cholesterol and TG have been 

observed in more than half of children who underwent 
liver transplantation and received cyclosporine1469). 
Tacrolimus has less effect on serum lipids than 
cyclosporine, and TG, LDL-C, and HDL-C decreased 
when switching from cyclosporine to tacrolimus1470). 
Since patients undergoing transplantation are young, 
the impact on future cardiovascular events needs to be 
monitored.

Anti-HIV Drugs
While anti-HIV therapy improves chronic 

inflammatory conditions and vascular endothelial 
function by reducing HIV viral load, anti-HIV drugs 
themselves have been found to increase myocardial 
infarction as a side effect. The incidence of myocardial 
infarction in the group that used protease inhibitors 
for more than 6 years was about 4 times higher than 
that in the group that did not use protease 

2.9 Heavy Alcohol Consumption

Although moderate alcohol intake has an anti-
atherosclerotic effect by increasing HDL and 
apoprotein A-I1479), heavy alcohol consumption is 
known to exacerbate insulin resistance by increasing 
inflammatory cytokines1480). Hyperlipidemia type IV 
is caused by increased VLDL synthesis due to 
worsening insulin resistance and impaired VLDL 
metabolism. Type V hyperlipidemia with increased 
CM may also be present. An elevated γ-GT can aid in 

diagnosis.
Heavy alcohol consumption may induce 

atherosclerosis via hypertriglyceridemia, insulin 
resistance, etc. Although the evidence is still 
insufficient, it has been reported that heavy alcohol 
drinking is associated with fatality in patients with 
acute myocardial infarction1481) and is a risk factor for 
ischemic stroke1482).
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ASCVD is also a risk factor for frailty1484). Since frailty 
complications affect the prognosis of ASCVD in older 
people, it is necessary to properly evaluate and prevent 
frailty.

2. Frailty and Sarcopenia
As people age, the body’s reserve capacity 

declines, and when it declines beyond a certain level, 
it leads to a state of need for nursing care. Frailty is the 
stage before the need for long-term care, i.e., a fragile 
state in which a person is able to lead an independent 
life but is prone to health problems1485). Frailty is a 
condition in which the physiological reserve of the 
whole body declines in old age due to various factors, 
which increases vulnerability to stress and makes the 
person vulnerable to needing care. In addition to 
physical factors, mental factors such as depression and 
dementia, as well as social factors such as loneliness 
and seclusion, can be the cause. The CHS criteria 
proposed by Fried1485) and the Japanese version of the 
CHS criteria (J-CHS criteria), which incorporate 
questions from the basic checklist1486), are used for 
diagnosis. Both criteria assess five items related to I 
muscle weakness, II fatigue, III decreased physical 
activity, IV decreased gait speed, and V weight loss, 
with a diagnosis of “pre-frailty” when one or two items 
apply and “frailty” when three or more apply. The 
physical component of frailty includes sarcopenia, and 
the criteria of the Asian Working Group for 
Sarcopenia (AWGS) are used to diagnose it1487, 1488).

3. ASCVD and Frailty/Sarcopenia
In the Women’s Health Initiative Observational 

Study, a history of CAD was significantly associated 
with progression to frailty after 3 years in a population 
of women 65 years and older who were not frail at 

1.  Lipid Abnormalities and ASCVD in 
Older People and their Association 
with Preventive Effects

Primary and secondary prevention of ASCVD is 
extremely important, as it increases with age and 
adversely affects the quality of life of patients and life 
prognosis1483). Since elderly patients also show an 
association between TC, LDL-C, and non-HDLC 
and the incidence of CAD, indicating a secondary 
prevention effect of statin therapy on CAD and 
stroke. This is why the JAS guideline 2017 
recommended the importance of statin therapy for the 
secondary prevention of CAD in older people600). 
Regarding primary prevention, the JAS guideline 
2017 recommended that statin therapy for hyper-LDL 
cholesterolemia for the primary prevention of CAD 
and non-cardiogenic cerebral infarction in elderly 
persons 65-74 years of age is promising, however, 
there was no clear evidence regarding the primary 
preventive effect of lipid-lowering therapy in elderly 
patients ≥ 75 years of age. Recently, an RCT study was 
conducted in Japan to address this point. In the 
EWTOPIA75 trial of 3,796 Japanese elderly patients 
≥ 75 years of age with hyper-LDL cholesterolemia, 
lipid-lowering therapy with ezetimibe prevented 34% 
of first composite cardiovascular events (sudden death, 
myocardial infarction, coronary reconstruction, 
stroke)1108). This means that even in hyper-LDL 
cholesterolemia in elderly patients ≥ 75 years, lipid-
lowering treatment is expected to provide primary 
prevention of CAD and stroke. Note that the 
EWTOPIA75 subanalysis did not show a clear 
effective benefit for ages 85 and older, and the above 
suggestion is for ages 84 and younger.

Recent studies on the relationship between frailty 
and ASCVD in older people have revealed that frailty 
is a factor in the incidence of ASCVD, and conversely, 

Chapter 7.   Older People

• As is the case for nonelderly adults, hyper-LDL cholesterolemia is an important risk factor for 
CAD among older persons 65-74 years of age. 

• Statin therapy can be recommended for the secondary prevention of CAD in older people.

• Statin therapy can be recommended for the primary prevention of CAD and non-cardiogenic 
cerebral infarction in elderly people 65-74 years of age with hyper-LDL cholesterolemia.

• Lipid-lowering therapy for the primary prevention of CAD and stroke can be suggested in 
older patients ≥ 75 years of age with hyper-LDL cholesterolemia.

• Frailty is a common complication in older people and a cardiovascular risk. The assessment of 
frailty can be suggested for comprehensive management in older people.
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1.05-1.64, p=0.03, 1. 79; 1.27-2.52, p=0.001).
CAD, especially myocardial infarction, can lead 

to heart dysfunction and eventually to heart failure. In 
the Studies Investigating Co-morbidities Aggravating 
Heart Failure (SICA-HF), muscle mass was assessed 
by DXA in 200 patients with chronic heart failure 
(mean age 66.9±10.4 years), and found that 20% of 
the patients with chronic heart failure had reduced 
muscle mass1492). It has been pointed out that not only 
the prognosis of limb but also the prognosis of life is 
extremely poor in PAD, and one of the reasons for 
this is that approximately 50% of patients with PAD 
are complicated by cardiac and cerebrovascular 
disorders1493). The concept of polyvascular disease was 
introduced to describe a condition in which CAD, 
cerebrovascular disease, and PAD are combined1494). 
Considering that older people are prone to 
polyvascular disease and that walking impairment is 
caused by ischemia in the lower extremities, it is 
predicted that PAD is associated with frailty and 
sarcopenia. At present, however, there are few reports 
on the association between PAD and frailty/
sarcopenia. A study reported from Taiwan found that 
of 1,036 community-dwelling older people aged 65 
years or older (539 men and 497 women, mean age 
74.2±6.6 years), 143 (13.8%) had frailty and 74 
(7.1%) had PAD. Furthermore, the risk of PAD 
complications was more than three times higher in 
frail patients1495). A retrospective study of cases in 
which lower limb amputations were performed 
showed that the readmission rate within 30 days after 
surgery for 379 eligible patients (mean age 59±15 
years) was 22.7%, with the readmission rate increasing 
with higher frailty scores1496). A similar report on the 
association between prognosis and frailty in PAD 
includes a study of complicated frailty using the 
modified frailty index (mFI) in 4,704 patients with 
PAD (mean age 67.9±11.7 years) who had undergone 
surgical bypass surgery. In this study, frailty 
complications were divided into four levels, from mild 
to severe; 14.6% of the patients had mild frailty 
complications (1st degree), 55.9% had a second 
degree, 26.9% had a third degree, and 2.6% had a 
fourth degree. The higher the mFI, the higher the 
mortality rate1497).

study entry (odds ratio 1. 47, 95% confidence interval 
1.25-1.73)1489). The study showed that hypertensive 
and diabetic populations also have a significantly 
higher risk of future progression to frailty and that 
CAD and ischemic heart disease and their risk factors 
are a series of causes related to frailty progression.

On the other hand, there are studies that show 
that frailty defines the prognosis for CAD and 
ischemic heart disease. The Health Aging and Body 
Composition Study was the first to show that frailty is 
a risk for the incidence of cardiovascular disease1490). 
In a study of 3,075 subjects aged 70-79 years, the 
subsequent incidence of cardiovascular disease was 
significantly increased in the population with a 
reduced walking speed of more than 362 seconds for 
400 m compared to the population without a reduced 
walking speed of less than 290 seconds for a 400 m 
(hazard ratio 1.61, 95% confidence interval 1.05-
2.45) and a higher 4.9-year total mortality rate of 4.9 
years (hazard ratio 3.23, 95% confidence interval 
2.11-4.94). Many other similar studies have reported 
an effect of walking speed on cardiovascular events. 
The Italian general population cohort study Pro.V.A. 
examined the effect of pre-frailty on the incidence of 
cardiovascular disease in the general population aged 
65 years and older who were free of frailty, 
cardiovascular disease, cancer, and dementia at 
baseline, using new-onset cardiovascular disease 
(CAD, heart failure, stroke, PAD, and death from 
cardiovascular disease) as endpoints1491). Of 3,099 
randomly enrolled Caucasians aged 65 years and older 
(1,854 women and 1,245 men) from the two regions 
surrounding the city of Padua, Italy,2 1,567 non-frail 
older persons, including pre-frail ,  without 
cardiovascular complications were followed for 4.4 
years. Cardiovascular disease developed in 551 cases 
(84 cardiovascular deaths, 27 severe angina, 36 acute 
myocardial infarction, 249 heart failure, 8 stroke, 147 
PAD), and there was a significant association between 
pre-frailty and the incidence of cardiovascular disease. 
After adjustment for cardiovascular disease risk factors, 
inflammatory markers, and HbA1c levels, the risk of 
cardiovascular disease was significantly higher in the 1 
and 2 of 5 frailty items group than in the no frailty 
group (hazard ratio 1.25; 95% confidence interval 
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than in myocardial infarction288, 1509, 1510). On the other 
hand, a multicenter cross-sectional study of patients 
with acute-onset cerebral infarction reported that the 
pathophysiology, including length of hospitalization 
and conditions at the time of incidence and discharge, 
was more severe in women than in men1511).

Since the incidence of cerebral infarction is 
higher than that of myocardial infarction in Japanese, 
the difference in the incidence of cerebral infarction 
between men and women is smaller than that of 
myocardial infarction, and the aging of women is 
increasing, prevention of cerebral infarction and 
management of heart failure due to ischemic heart 
disease in women are also important issues for the 
future.

2.  Relationship between Risk Factors 
for Atherosclerosis and ASCVD in 
Women

1) Serum Lipids
Age-related changes in serum lipid levels differ 

significantly between men and women. According to 
the report of the 2019 National Health and Nutrition 
Examination Survey, LDL-C and non-HDL-C do not 
change with time in men, but in women, they are 
lower than men before age 50, the average age of 
menopause, but increase after age 50 and become 
higher than men. The same is true for TG, which 
remains high for men before 50 years old, but for 
women it increases after 50 years old and approaches 
the male value. HDL-C remains high in women but 
does not change significantly over time in either 
sex574). Thus, in women, one of the major factors 
causing changes in lipid metabolism at menopause is 
thought to be related to a decrease in estrogen, and 

1.  Current Status of ASCVD in Japanese 
Women

The ranking of deaths and mortality rates by 
gender according to the 2018 Vital Statistics shows 
that for men, malignant neoplasms are the most 
common cause of death, followed by cerebral and 
cardiovascular disease. Among women, malignant 
neoplasms are followed by cardiac disease, senility, and 
cerebrovascular disease, but the combined number 
and rate of death from cerebral and cardiovascular 
disease is higher than that from malignant 
neoplasm1498).

On the other hand, the incidence of myocardial 
infarction in women is lower than in men1499, 1500). 
According to epidemiological studies conducted in 
Japan from 1990 to early 2000, the age-adjusted 
incidence rate of myocardial infarction in women 
(100,000 persons/year) is 20-50% of that in 
men110, 288, 1501, 1502). In women, the incidence of 
myocardial infarction increases after menopause, but 
the risk is still lower than in men288). However, the 
mortality rate after the incidence of coronary events is 
reported to be higher in women than in men, not only 
in Westerners1503-1506) but also in Japanese1507, 1508). As 
Japanese women are aging, and the incidence of 
myocardial infarction and mortality increase with 
advancing age288), measures to address these issues will 
be important in the future.

The age-adjusted incidence of cerebral infarction 
in Japanese is higher than that of myocardial 
infarction, although the incidence in women is about 
50% to 70% of that in men110, 603, 1501, 1502, 1509, 1510). 
The incidence of cerebral infarction in women 
increases with age, reaching 60% to 90% of that in 
men 75 years or older, with a smaller gender difference 

Chapter 8.   Women

• Management of risk factors such as hypertension, diabetes, and smoking are important both 
before and after menopause. In particular, diabetes and smoking are associated with an 
increased risk of CAD in women compared to men.

• While intensified treatment of hypertension and diabetes will be based on the individual 
patient, smoking cessation instruction will be given to women of all ages.

• Lifestyle modification is the mainstay of treatment for dyslipidemia in premenopausal women.

• Even before menopause, drug therapy should also be considered for familial 
hypercholesterolemia and secondary prevention of CAD, and for primary prevention in high-
risk patients.

• Lifestyle modification is also a priority for dyslipidemia in postmenopausal women, but drug 
therapy should be considered for high-risk patients.
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ratio of 8.2 compared to 4.0 in men1516).
Smoking is a significant risk for the incidence of 

cerebral infarction in women162). Passive smoking 
increases the risk of subarachnoid hemorrhage in 
Japanese women but has not been associated with 
cerebral infarction1517).

Smoking should be considered an important risk 
factor for CAD and cerebral infarction in women.

3) Hypertension
Blood pressure increases over time in both men 

and women1498). Although hypertension was not a 
significant risk factor for CAD in women in an 
epidemiological study conducted in Japan1518, 1519), a 
trend toward an increased risk of CAD incidence with 
increasing blood pressure was observed1519). On the 
other hand, hypertension was reported to be a 
significant risk factor for cerebral infarction incidence 
in women1518-1520). In NIPPON DATA 80, which 
looked at the association between hypertension and 
risk of cardiovascular mortality, the increased risk of 
cardiovascular mortality due to degree II hypertension 
was seen only in the younger age group of 30-59 years 
and not in the group over 60 years1521).

In conclusion, hypertension is an important risk 
factor for cerebral infarction in women and should be 
controlled from a young age.

4) Diabetes
The frequency of diabetes increases over time in 

both men and women, but the percentage of those 
with strongly suspected diabetes is higher in men 
(13.8% in men and 7.7% in women)1498). The JPHC 
Study207, 1522, 1523), Hisayama Study195), and Suita 
Study186) reported that the risk of incidence and 
mortality of CAD and cerebral infarction was 
significantly higher in patients with diabetes than in 
the non-diabetic group. NIPPONDATA 80 showed 
that women who are older and have non-fasting blood 
glucose of 200 mg/dL or more are at higher risk of 
CAD286). The JACCS reported an increased risk in 
women, with an odds ratio of 6.12 for the incidence 
of myocardial infarction in patients with diabetes 
compared to 2.90 in men1515). A meta-analysis of 
patients with diabetes, including studies from Japan, 
also reported that women have a 44%1524) higher risk 
of CAD and a 27%1525) higher risk of all strokes than 
men.

3.  Primary and Secondary Prevention 
of ASCVD

The basis for the prevention of ASCVD is the 
modification of lifestyle. The U.S. Nurses’ Health 

aging and postmenopausal changes in serum lipids, 
especially LDL-C, are thought to have a significant 
impact on women’s risk of ASCVD.

Epidemiological studies have been reported that 
prospectively examined the association of TC or 
LDL-C with the incidence of CAD in women. JALS-
ECC59) showed a significantly higher risk of 
multifactor adjusted CAD incidence in the high TC 
group than in the low TC group. CIRCS also showed 
a significantly higher multifactor adjusted risk of 
myocardial infarction incidence of 1.42 for each 30 
mg/dL increase in LDL-C43).

On the other hand, in EPOCHJAPAN, which 
examined the relationship with CAD mortality, the 
risk was significantly higher in the high TC group 
than in the low TC group among women aged 40-69 
years 63), and also in NIPPONDATA 80, the 
multifactor-adjusted risk was significantly higher in 
women in the high TC group62). In the Ibaraki 
Prefectural Health Study, however, no significant 
association with LDL-C was found44)23). These results 
suggest that cholesterol is a significant risk factor for 
the incidence of CAD in women and may also 
increase the risk of death.

The relationship between TC and the risk of 
incidence of cerebral infarction was examined in the 
JPHC study67) and EPOCH-JAPAN63), but no 
significant association was found in women.

Iso et al. reported that high TG levels are a 
significant risk factor for the incidence of myocardial 
infarction or ischemic cardiovascular disease in 
women98, 101). JALS-ECC59) and CIRCS72) showed a 
significant association between the risk of CAD 
incidence and non-HDL-C in women, but the 
association with the risk of death was not clear74).

These findings suggest that abnormalities in TC, 
LDL-C, TG, and non-HDL-C are important risk 
factors for the incidence of CAD in Japanese women.

2) Smoking
In 2019, the habitual smoking rate among men 

aged 20 years or older was 29.9%, while among 
women it was only 8.1%1498). However, the JPHC 
Study Cohort1512) and the Suita Study162) showed that 
the incidence of myocardial infarction in smokers was 
3 to 8 times higher than in nonsmokers, even among 
women. The risk of CAD mortality was also 
significantly higher in women who smoked1513, 1514). A 
meta-analysis including studies from Japan reported 
that the effect of smoking on the risk of CAD was 
greater in women than in men1515). The JACSS, a 
multicenter study of ACS, showed that smoking was 
associated with an extremely high risk in the presence 
of smoking in women compared to men, with an odds 
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primary prevention patients considered high risk. 
There is little evidence of the risk of dyslipidemia for 
CAD in premenopausal women, and the basic 
approach is to identify secondary dyslipidemia and 
manage it through lifestyle modification. Because of 
the lack of consensus regarding the risk of 
teratogenicity in fetuses of pregnant women taking 
statins1166, 1532, 1533) and insufficient studies of milk 
transfer, statins are contraindicated in pregnant and 
nursing women.

With regard to secondary prevention, a meta-
analysis of 11 studies, including 4S and CARE, 
reported that statins significantly reduced the risk of 
cardiovascular events with 0.82 in men and 0.81 in 
women1534). The CTT results also showed that for 
every 38.7 mg/dL reduction in LDL-C in patients 
with a history of vascular disease, the reduction in risk 
of cardiovascular disease was 0.84 in women, which 
was significant as in men333). The J-STARS study was 
conducted in Japan to investigate the prevention of 
recurrence with statins in patients with a history of 
cerebral infarction. The risk of atherothrombotic 
cerebral infarction was significantly reduced by 67% 
in a 5-year prospective study, but by gender, women 
did not show a significant reduction348).

In conclusion, women should also be 
appropriately treated in the secondary prevention of 
CAD, but the effect of statins on the prevention of 
recurrent cerebral infarction in women is not clear.

In the treatment of diabetes, strict blood glucose 
control is effective in the prevention of CAD1535), but 
the effect takes a long time to appear1295, 1536), and the 
effect is lower than the reduction in the risk of 
microvascular disease270). The risk of hypoglycemia 
increases, so intensified treatment is necessary 
considering the patient’s condition is necessary1535, 1537). 
The impact of diabetes on the incidence of ASCVD is 
greater in women than in men1524, 1525). The 
comprehensive management of diabetes in women, 
including risk factors other than hyperglycemia, is 
important at an early stage.

Hypertension is an important risk factor for the 
incidence of cerebral infarction in women and has also 
been implicated in the association with CAD. The 
number of hypertensive patients increases with age in 
both men and women, but after the age of 60, the 
number of women patients exceeds that of men1538). 
After menopause, LDL-C also increases1511) and the 
risk of ASCVD increases, so the management of 
hypertension in postmenopausal women is important. 
A meta-analysis of studies on antihypertensive therapy 
did not report a clear gender difference in the 
reduction in the risk of cardiovascular disease 
events1539).

Study (NHS) found that the risk of CAD 
incidence1525) and sudden cardiac death1527) decreased 
with a number of factors, including nonsmoking, 
increased physical activity, maintenance of proper 
weight, alcohol restriction, and healthy diet. A 
combined analysis of the NHS and Health 
Professionals Follow-up Study reported that the risk of 
cerebral infarction incidence in women with all five of 
the above factors was extremely low, at 0.19 in women 
without any of the above factors1528). Furthermore, an 
NHS study of young women aged 27-44 years also 
showed that the hazard ratio for CAD in women with 
all six factors (the above five factors plus reduced TV 
viewing time) was 0.08, lower than that of the 
population with none of the above factors1529). 
Maintaining a healthy lifestyle from a young age is the 
key to ASCVD prevention strategies in women.

The effect of smoking on the risk of CAD is 
greater in women than in men1514). However, the effect 
decreases when smoking is stopped162). Since smoking 
has a negative effect on pregnancy1530) and a reduction 
in the risk of atherosclerosis is observed with smoking 
cessation regardless of age161), it is extremely important 
to guide women to quit smoking at a young age.

Few large clinical trials have examined the 
primary prevention of CAD in women with statins. In 
the MEGA Study conducted in Japan, 68% of the 
subjects were postmenopausal women under the age 
of 70. Although the reduction in risk of CAD and 
cerebral infarction in statin-treated patients was not 
significant in women49), a significant reduction in risk 
was observed in the age group older than 55 years1343) 
when the endpoint was (CAD + cerebral infarction) in 
the women’s sub analysis. In JUPITER, statin 
treatment for 3,426 eligible women significantly 
reduced the r i sk of  unstable  angina and 
revascularization therapy compared to the placebo 
group, but the effect on the prevention of myocardial 
infarction and cerebrovascular disease was unclear1531). 
The risk of the primary endpoint including these 
events was significantly reduced in women aged 65 
years and older, but not in those younger than 65 
years1343). 27 large statin clinical trials and a meta-
analysis of CTT in 174,000 patients showed that in 
patients without previous vascular disease, the 
reduction in the risk of cardiovascular disease for each 
reduction of 38.7 mg / dL in LDL-C was significant 
in men at 0.72, but only showed a trend toward 
reduction in women at 0.85 333).

In women, the effect of statins in preventing the 
first occurrence of ASCVD is less clear than in men, 
and lifestyle modification is the main focus of 
treatment. However, drug therapy should be 
considered in FH, secondary prevention patients, and 



766

JAS Guideline 2022

myocardial infarction,  atherosclerotic lesions in the 
coronary arteries and stroke, and new administration 
of HRT to obese, over 60 years of age, or 
postmenopausal for more than 10 years is prudent in 
patients with coronary spasm and microvascular 
angina, severe hypertriglyceridemia, poorly controlled 
diabetes, or hypertension. Studies such as WHI and 
HERS have so far been negative on the effects of HRT 
on cardiovascular disease risk, however, as the benefits 
of estrogen in improving lipid metabolism and 
vascular function have been proven, with transdermal 
estrogens reported to significantly reduce the risk of 
myocardial infarction1547), future studies are needed on 
the types, doses, and routes of administration of 
estrogens and progestins other than those used in 
WHI and HERS, as well as the age at which HRT 
should be started. The Japan Society for Menopause 
and Women’s Health has developed “Management of 
Primary Prevention of Atherosclerotic Cardiovascular 
Diseases in Women” specifically for women, in 
accordance with the JAS Guidelines for the Prevention 
of Atherosclerotic Cardiovascular Diseases. In this 
guideline, HRT is recommended for women with 
dyslipidemia and menopausal symptoms, in addition 
to lifestyle modification1548).

Currently, the incidence of CAD in women in 
Japan is considerably lower than in the United States 
and Europe1500). A reduction in the incidence of 
cerebrovascular disease has also been observed with 
the treatment of hypertension1500). On the other hand, 
new concerns about the rise in ASCVD, such as 
westernization of diets and lack of physical activity, are 
increasing. Since women live longer than men, early 
management is especially important given their 
lifetime risk of ASCVD.

There have been no intervention trials for 
hypertension in premenopausal women. At present, it 
is appropriate to adequately differentiate secondary 
hypertension and to proceed with treatment from a 
young age, focusing on lifestyle modification. The 
Japanese Society of Hypertension guidelines179) should 
be followed for the management of pregnancy-related 
hypertension and perimenopausal hypertension.

4. Hormone Replacement Therapy (HRT)
Numerous clinical trials have reported the risk of 

HRT and cardiovascular disease in postmenopausal 
women for the treatment of menopausal symptoms 
and the prevention of osteoporosis. HERS using HRT 
(combined estrogen + medroxyprogesterone acetate) 
in 2,763 women with CAD showed no reduction in 
risk of CAD or cerebrovascular disease1540, 1541). The 
WHI, which examined the effect of HRT (combined 
estrogen + medroxyprogesterone acetate) in 16,608 
healthy postmenopausal women, showed a 
significantly increased risk of 1.44 1542) for cerebral 
infarction and 1.24 1543) for CAD. Concurrent 
conjugated estrogen monotherapy also showed a 
predominant increase in the risk of incidence of 
cerebral infarction of 1.55 1544). However, the increased 
risk of CAD and cerebrovascular disease with HRT 
was age-dependent, with no significant increase in 
either risk among women younger than 60 years, and 
a rather low trend for CAD1544, 1545).

According to the Hormone Replacement 
Therapy Guidelines 2017 jointly developed by the 
Japan Society of Obstetrics and Gynecology and the 
Japan Society for Menopause and Women’s Health1546), 
HRT is contraindicated in patients with a history of 
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al.1552) examined postprandial TG and found that its 
blood level increased within 1 hour and remained 
almost constant up to 3 hours, with a 95th percentile 
value of approximately 200 mg/dL. 

This lipid cut-off value can be used for younger 
children, but breast-fed infants are more prone to 
hyperlipidemia, so high values cases should be 
reexamined after weaning and followed. In addition, 
since LDL-C decreases during puberty, the adolescent 
stage should be taken into consideration when treating 
patients1553).

3. Primary Dyslipidemia
In children, primary hypercholesterolemia and 

primary hyperchylomicronemia are the main 
problems. Type III hyperlipidemia is considered rare 
in childhood. (See Chapter 5, “Other Primary 
Dyslipidemias.”)

1) Primary Hyper-LDL Cholesterolemia
Familial hypercholesterolemia (FH) is a disease 

that requires appropriate treatments since childhood 
because of extremely high levels of LDL-C and the 
rapid progression of ASCVD, caused by genetic 
abnormalities in the LDL receptor and the related 
molecules. The frequency is also thought to be higher 
than previously thought 1393). In 2022, the diagnostic 
criteria were revised along with the revised guidelines 
for pediatric FH1393). In order to improve the 
diagnostic rate, the sensitivity is increased while 
maintaining specificity. (See Chapter 4, “Familial 
Hypercholesterolemia.”) Early detection and aggressive 
treatment from childhood are recommended for FH. 
If hyper-LDL cholesterolemia of 180 mg/dL or more 

1. Early Detection of Dyslipidemia
For the prevention of future ASCVD, it is 

important to take measures and actions from 
childhood. There is no health examination system that 
performs blood examinations in childhood, and 
dyslipidemia has few symptoms in childhood. 
Therefore, it is necessary to be aware of the aggressive 
detection of dyslipidemia. If given the opportunity, 
TC and TG should be examined at least once as early 
as possible. If any abnormality is found, a close 
examination is performed. In the case of fasting blood 
sampling, serum LDL-C is calculated from TC, TG, 
and HDL-C by the Friedewald method ([LDL-C] 
=[TC]-[HDL-C]-[TG/5]). In the case of nonfasting 
blood sampling, the values of LDL-C by the direct 
method and non-HDL-C ([non-HDL-C]=[TC] - 
[HDLC]) should be used as a reference.

2.  Criteria for Lipid Abnormalities in 
Children

Cut-off values for dyslipidemia in children are 
shown in Table 28. This was set from a national 
survey of elementary and junior high school students 
in the 1990s by Okada et al.1549). TC, LDL-C and TG 
are based on 95th percentile values; HDL-C is based 
on 5th percentile values. The values are represented by 
one value, although there are some differences 
depending on the age. The lipid levels in the 2000s 
survey by Abe et al.1550) are not much different from 
those in the 1990s. In addition, a new cut-off value 
for non-HDL-C was added. 150 mg/dL is 
approximately the 95th percentile value, and values 
above this are considered high1550, 1551). Kobayashi et 

Chapter 9.   Pediatrics

• Aggressive early detection of dyslipidemia is important.

• Correctly diagnose primary and secondary dyslipidemia. If necessary, consult with a specialist.

• Familial hypercholesterolemia will be diagnosed using the diagnostic criteria of the “Guidelines 
for the Diagnosis and Treatment of Pediatric Familial Hypercholesterolemia 2022”, and 
probable/possible cases should also be followed.

• Follow-up with patients with familial hypercholesterolemia, providing dietary and lifestyle 
advice, and considering indications for drug therapy. Also, identify new patients within the 
family.

• Treat the underlying disease adequately for secondary dyslipidemia.

• It is recommended that proper lifestyle habits, including diet, develop from childhood and 
maintain an appropriate weight.
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also think that LDL-C in particular should be kept 
below 140 mg/dL1555). If hyper-LDL cholesterolemia 
persists despite continued strict blood glucose control, 
consult a specialist.

5.  Maintain Appropriate Weight through 
Proper Diet and Exercise Habits

Pathological changes in blood vessels related to 
atherosclerosis have been reported to occur in 
childhood1556, 1557). It is important to prevent those 
changes from occurring and from developing as much 
as possible. Even in children, obesity, especially excess 
visceral  fat ,  i s  accompanied by abnormal 
adipocytokine secretion, lipid abnormalities, 
hyperinsulinemia, and hypertension1551). In other 
words, obesity in children, as in adults, acts in the 
direction of promoting atherosclerosis. It is also 
known that childhood eating habits tend to be carried 
over into adulthood and that many cases of childhood 
obesity lead to adult obesity1551). Appropriate weight 
control from childhood will prevent future ASCVD. 
Dietary Reference Intakes for Japanese 2020 653) lists 
the daily energy requirements for each age group 
according to activity level. For nutritional balance, the 
target amount of fat-to-energy ratio is 20-30% and 
that of carbohydrates is 50-65%, which is the same for 
all ages. In recent years, fat intake has tended to 
increase due to the westernization of the diet, so fat 
intake should be moderate. In other words, a balanced 
intake of fish, soybeans (products), vegetables, fruits, 
and seaweeds is recommended, with a focus on the 
traditional Japanese food pattern, without likes and 
dislikes. Also watch for excessive salt intake. (See 
Chapter 3, 2.4, “Diet Therapy”). 

It is also important to make exercise a habit. 
Exercise stimulates various cells and tissues and works 
to prevent atherosclerosis and obesity. For children, it 
is better to have something that is easy and enjoyable 
to continue. 

For the body size assessment of individual 
children, BMI itself, as well as the BMI-for-age 
percentile method used overseas, is not suitable for 
ages with large height differences1551, 1558). At present, 
it is better to use Percentage of Overweight (POW, see 

persists despite lifestyle guidance, drug therapy should 
be considered at around 10 years of age. Severe cases, 
such as homozygotes, should be treated in 
consultation with a specialist. When a child with FH 
is found, it is also necessary to try to detect new 
patients in the family (cascade screening)1393).

Familial combined hyperlipidemia(FCHL) is a 
genetic disorder in which both TC and TG are 
elevated, but there is no evidence for the need for 
aggressive drug therapy in childhood. A detailed 
family history should be investigated, and regular 
follow-up should be done due to fluctuating serum 
lipid levels.

2) Primary Hypertriglyceridemia
In children, primary hyperchylomicronemia, 

especially lipoprotein lipase (LPL) deficiency, which 
may lead to pancreatitis, is important. There have 
been many reports of genetic mutations in LPL. 
Apoprotein C-II and apoprotein A-V deficiency, 
which activate LPL, and autoantibodies are also 
causes.  Homozygotes have extremely high 
hypertriglyceridemia. Diagnosis and treatment should 
be consulted with a specialist.

4. Secondary Dyslipidemia
The causes of secondary dyslipidemia are varied. 

A high frequency is associated with obesity. 
Furthermore, thyroid hormones should always be 
examined, as hyper-LDL cholesterolemia may be 
present in patients with Hashimoto’s disease and other 
forms of hypothyroidism. Drug-induced dyslipidemia 
should also be noted. A particularly problematic case, 
even in children, is diabetes mellitus with hyper-LDL 
cholesterolemia. Diabetes itself is an important risk 
factor for atherosclerosis, and blood glucose control 
alone has little preventive effect on ASCVD (See 
Chapter 3, 5.2, “Diabetes Mellitus”). The International 
Society for Pediatric and Adolescent Diabetes (ISPAD) 
guidelines1554) set lipid management goals of LDL-C 
＜100 mg/dL, HDL-C ＞35 mg/dL and TG ＜150 
mg/dL. Statins are initiated when LDL-C is 130 mg/
dL or higher, even after enhanced blood glucose 
control and diet and exercise therapy1554). In Japan, we 

Table 28. Cut-off values for lipid abnormalities in children (＜15 years, fasting) 

Total cholesterol (TC) ≥ 220 mg/dL

LDL cholesterol (LDL-C) ≥ 140 mg/dL

HDL cholesterol (HDL-C) ＜40 mg/dL

Triglycerides (TG) ≥ 140 mg/dL

non-HDL cholesterol (non-HDL-C) ≥ 150 mg/dL
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6. Smoking and Passive Smoking
Smoking is a major independent risk for all 

ASCVDs, and smoking cessation is known to decrease 
that risk. Passive smoking has also been reported to 
increase the risk of CAD and diabetes, so be aware of 
smoking not only by the patient but also by family 
members.

7. Other
Primary dyslipidemia is covered by medical 

expenses subsidized by the government’s measures for 
chronic specif ied chi ldhood diseases .  The 
“dyslipidemia” section under “inborn errors of 
metabolism” is also indicated for diseases other than 
those listed above. For details, see the website of the 
“Information Center for Specific Pediatric Chronic 
Disease, Japan”1559).

below), which is compared measured weight with 
standard weight1551, 1558). In elementary and junior 
high school students, obesity is assessed as POW of 
+20% (120% of standard body weight) or more. 
Waist circumference (abdominal circumference at 
umbilical height) is used to determine excess visceral 
fat, as in adults. The standard is 80 cm (75 cm is also 
used for elementary school students)1551, 1558). 

In obesity, LDL-C and TG are likely to be high 
and HDL-C low, even in children. If the patient has 
dyslipidemia or other complications, he or she 
becomes “Obesity disease” and is subject to treatment 
to reduce POW1551). However, the presence of primary 
dyslipidemia should also always be taken into account, 
since many cases of childhood obesity are actually 
normolipidemia.

Childhood Obesity Determination Formula (Percentage of Overweight; POW)

POW=100 x (Measured weight - Standard weight*)/ Standard weight* (%)

* The standard weight is based on the 2000 data of the Ministry of Education, Culture, Sports, Science and Technology 

(MEXT) for each height by sex and age. However, for children whose height deviates from the normal range for their age, 

the standard weight  for each height by sex is used. In school children, 20% or more are considered obesity; 20% or more 

are mildly obese, 30% or more are moderately obese, and 50% or more are severely obese.
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Supplemental Fig. 1. 10‐year risk of incidence of atherosclerotic cardiovascular disease; age scored version
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Appendix 2. 

Supplemental Fig. 2. Flowchart for cardiovascular event screening in NAFLD* patients

We have to check for cardiovascular disease (CVD) complications and/or a past history of CVD, and perform an electrocardiogram (ECG). If 
any abnormality is found, we consult a specialist in cardiology or neurology. In NAFLD with a reduced platelet count or increased FIB-4 
index, we should evaluate risk based on cardiovascular examination, such as loaded ECG and/or US of the carotid artery. FIB-4 index 
Fibrosis-4 index; PLT platelet, DM diabetes mellitus; HT hypertension, DL dyslipidemia; US ultrasonography; ECG electrocardiogram

*NAFLD: Currently MASLD
Tokushige K, et al.: Evidence‐based clinical practice guidelines for nonalcoholic fatty liver disease/nonalcoholic steatohepatitis 2020. 

J Gastroenterol, 2021; 56: 951‐963
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Appendix 3. 

Supplemental Fig. 3. ‘Where am I?’ chart
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Appendix 4.  Method of Measuring Achilles Tendon Thickness by Ultrasound for FH 
Screening

This appendix is excerpted from “Standard Evaluation Method for Measuring Achilles Tendon Thickness by 
Ultrasound Method for Screening Adult Familial Hypercholesterolemia,” 2018, Japan Atherosclerosis Society and 
the Japan Society of Ultrasonics in Medicine

Body Position of the Examinee
Performed in bed in (1) kneeling position, (2) seated position, or (3) prone position.

(1)  Kneeling · Drooping position: In the “kneeling position” (recommended) on the bed (kneeling position in a 
backrest chair without casters is also possible: be careful not to fall), the ankle should be bent at about 90 
degrees and drooped (Supplementary Fig. 4a), with the ankle out from the edge of the bed or chair.

(2)  Seated position: Sit on a chair or bed and observe on a footrest (recommended, Supplementary Fig. 1b).
(3)  Prone position: Performed in the prone position on the bed. (i) is recommended.) 
    i)  Sagging position (recommended): In the prone position on the bed, the ankles are placed out from the edge of 

the bed and allowed to droop with the ankles flexed approximately 90 degrees (Supplementary Fig. 4a).
    ii)  Intermediate position: ankle perpendicular to the ground, ankle flexed approximately 90 degrees 

(Supplementary Fig. 4c, d).

Prone position, 
toes hanging off 

the edge 
of the bed

90 degrees

90 degrees 90 degrees

Above left:  short-axis scan of 
 the sagging position
Above right:  Seated position, 
 short axis scan
Lower left:  short-axis scan in  
 prone and mid-axis
Lower right:  short-axis scan in  
 prone and mid-axis

Supplementary Fig. 4. Positions and probes
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Measurement of Achilles Tendon Thickness
Both short-axis and long-axis images are measured in the “Achilles tendon thickness (ATT) direction” using 

sufficient echogenic jelly. Gel pad can be used.
Measure at the position where the ATT is thickest. The probe is placed perpendicular to the center line of the 

foot and the angle between the skin and the probe is approximately 90 degrees (Supplementary Fig. 4).
Tendon thickness is measured in the direction of maximum thickness, not in the anteroposterior direction in 

the short-axis image (Supplementary Fig. 5).
The long-axis image is also measured in the same way, taking into account the direction of torsion and 

depicting the area of maximum thickening to measure tendon thickness (Supplementary Fig. 6).

Diagnostic Cut-Off Values for Achilles Tendon Thickening
Suspect Achilles tendon thickening at ≥ 6.0 mm in men and ≥ 5.5 mm in women. If tendon thickening is 

suspected, the family history and LDL-C should be rechecked, taking care to accurately diagnose FH.
Matters to be considered: Achilles tendon rupture or Achilles tendon area pain, history of rheumatoid 

arthritis, or sports history. Tendon thickening has also been reported in other conditions such as apoprotein E 
abnormality and cerebrotendinous xanthomatosis.

In normal subjects, it is about 4 to 5 mm and in FH it is often 4 to 20 mm.

Achilles tendon

gel pad

skin

subcutaneous fat

Supplementary Fig. 6. Long-axis cross-sectional image

Long‐axis cross‐sectional image in the torsion direction from the white 
arrow site of the short‐axis image

Achilles tendon

gel pad

skin
subcutaneous 
       fat

Supplementary Fig. 5. Short-axis cross-sectional image

Measure the thickness of the tendon in the direction of 
maximum thickness with the direction of torsion (white 
arrow) in mind.
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Appendix 5. Achilles Tendon Radiography for FH Screening
Achilles Tendon Evaluation of Familial Hypercholesterolemia Diagnosis Study Group
Representative: Yoshizumi Toru (currently Medical Division, Grom Management Co.)
Participating facilities: Rinku General Medical Center, Keiwakai Osaka Police Hospital, Daini Osaka Police 

Hospital, Otemae Hospital of the Public Employees Mutual Aid Association, Minoh City Hospital

In Achilles tendon radiography, two matters are important; the first of which is related with image acquisition 
and imaging techniques, and the second is the image processing and measurement of the obtained images.

(1) Preparation for Radiography
The imaging is performed under conditions in which the subject’s ankle joint is free of any obstructive 

shadows such as pants or socks.

(2) Radiographic Position
The patient is seated or lying on the side, with the lateral side of the lower leg and the ankle joint attached on 

the light-receiving surface, so that the lower leg and the plantar surface of the foot forms 90 degrees. Since ankle 
joint extension, flexion, internal application, and external application affect Achilles tendon thickening 
measurements, imaging aids and other devices should be used to improve accuracy. The points are summarized 
below.

·  The patient is placed in a supine position so that the outer margin of the foot of the patient is placed in the 
light receiving area.

·  Positioning so that the lower leg bone is perpendicular to the sole of the foot
·  Positioning so that the Achilles tendon (lower leg) and the light-receiving part are as parallel as possible.
·  Positioning so that the center of the foot and the light-receiving area are as parallel as possible.

None With pants on With socks on

Supplementary Fig. 7
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(3) Note
Normally, it is recommended that Achilles tendon radiography is performed with standard method utilizing 

the foot position as a reference. However, depending on the angle and position of the Achlles tendon at the time of 
imaging, the limbus of the Achilles tendon may be blurred as shown in the left panel. In this case, the Achilles 
tendon should be re-imaged using the Achilles tendon as a reference to obtain a clearer image.

Supplementary Fig. 8

× Ac e

○
b

Supplementary Fig. 9
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(4) Conditions
50 kV, 5.0 mAs when using digital system (e.g., 100 mA x 0.05 sec, 50 mA x 0.1 sec). Increase or decrease the 

mAs value as needed.

(5) Distance from X-Ray Tube Focal Point to X-Ray Receiving Surface
The distance should be 120 cm to eliminate the influence of the magnification ratio on the x-ray image. If 

possible, place a lead scale or similar object (of known size and non-radiopaque) at the same height as the Achilles 
tendon at the time of imaging to correct for magnification.

(6) X-ray Centerline
Incident to the posterior margin of the endocarp of the tibia perpendicular to the receiving surface.

(7) Image Processing Conditions
For evaluation using a digital radiographic imaging system, processing conditions that enable clear delineation 

of Achilles tendon, adipose tissue, and skin are recommended.

Fat : 190.8

Achilles tendon : 176.3

Skin : 161.9

×

Fat : 55.2

Achilles tendon : 97.4

Skin : 95.3

×

Fat : 64.7

Achilles tendon : 128.6

Skin : 68.4

○

Supplementary Fig. 10

There are roughly three types of Achilles tendon images. The rightmost image shows the difference between fat and Achilles tendon and 
Achilles tendon and skin, both of which are suitable for measuring thickening. The numerical difference between each image is large, which 
makes the image suitable for measuring the Achilles tendon.
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(8) Achilles tendon thickening measurement
Currently, Achilles tendon measurement using image reference terminal measurement tools is common. The 

tool is used to measure the maximum thickened part of the Achilles tendon by the image observer. 
If film is used, the image is output at equal magnification and the thickness is measured using calipers or a 

ruler. Automatic measurement software is currently being commercialized to improve the accuracy of the 
measurement itself, and its accuracy is currently being verified.
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Appendix 6. COVID-19 and ASCVD / Thrombosis
1. Introduction

In February 2020, Coronavirus disease-19 (COVID-19) was brought to Japan’s attention by the Diamond 
Princess cluster, and the infection quickly spread throughout the country. In Japan, by the end of June 2021, there 
were approximately 800,000 PCR-positive people and 15,000 deaths. Many academic societies in Japan and abroad 
have prepared and published recommendations and guidelines on COVID-19 countermeasures in various clinical 
settings and situations. In this section, we will discuss the effects of COVID-19 on the treatment of atherosclerosis, 
including risk factor management for atherosclerosis, ASCVD, and thrombosis, as well as the impact of COVID-
19 on atherosclerosis as it relates to arteriosclerology.

2. Symptoms of SARS -CoV-2 Virus and COVID-19, etc.
COVID-19 is an infection with SARS coronavirus-2 (SARS -CoV-2), a single-stranded RNA virus.
SARS -CoV-2 is an enveloped virus whose RNA is covered by a lipid bilayer. Spike proteins on its surface bind 

to angiotensin converting enzyme II (ACE2) on the cell membrane and enter the cell. While SARS, caused by 
infection with a SARS virus with a close genetic sequence, can cause severe disease if contracted, COVID-19 has 
very large individual differences, ranging from asymptomatically infected patients to those with severe disease 
resulting in death. This has made it extremely difficult to control COVID-19 infection socially. Most of the 
symptoms are not different from those of the common cold: fever, headache, runny nose, sore throat, cough, and 
phlegm are common. It is noted that COVID-19 rather frequently causes olfactory and taste disturbances in some 
patients. COVID-19 is often associated with pneumonia, which, like other viral pneumonias, presents with pale 
shadows on chest radiographs and is multiple. The fever may resolve but worsen again 7-10 days after the 
incidence. In addition, many cases are characterized by rapid progression of pneumonia when the disease worsens. 
Some patients develop a severe condition called cytokine storm, in which the lungs become acute respiratory 
distress syndrome (ARDS)-like and require ventilators or extracorporeal cardioplegia (ECMO). Administration of 
corticosteroids and anti-interleukin-6 neutralizing antibodies have shown some efficacy in avoiding severe 
disease1-3). 

COVID-19 presents various complications. The most notable complication is thrombosis, but other 
complications such as myocarditis and takotsubo cardiomyopathy have also been reported4, 5). Furthermore, renal 
dysfunction6) often occurs in severe cases. It may also leave sequelae such as breathing problems abnormalities of 
taste and smell, and loss of concentration called ‘brain-fog’ whichh is known as long COVID7, 8).

3. Involvement of ASCVD in the Symptoms and Severity of COVID-19
Although various factors have been identified to contribute to the severity of COVID-19, age was identified 

as a factor with a large impact9, 10). The most severe cases were among older people, and most of the fatalities were 
over 70 years of age. The age group for severe disease also tends to decrease in mutant strains and changes in risk 
factors in mutations should be noted. In the “Guidance for Clinical Practice” provided by the Ministry of Health, 
Labour and Welfare, COPD, CKD, etc., as well as diabetes, hypertension, dyslipidemia, obesity (BMI over 30), 
and smoking are listed as risks for COVID-19 serious illness11). These are risk factors for ASCVD, and health care 
professionals who treat lifestyle-related diseases and ASCVD should strive to prevent infection in their patients and 
inform them about the risk of serious COVID-19 disease.

4. Involvement of Thrombosis in COVID-19 Severity
One of the characteristics of COVID-19 is its tendency to develop thrombosis.
In addition to typical thrombosis such as deep vein thrombosis, cerebral infarction, and myocardial infarction, 

microthrombi in the microcirculatory system of COVID-19 complicated pneumonia tissue are also problematic12).
Since the actual status of COVID-19-related thrombosis in Japan was largely unknown, the “Research Group 

on Blood Coagulation Disorders” of the Ministry of Health, Labour and Welfare’s Research Project for Intractable 
Diseases, the Japanese Society on Thrombosis and Hemostasis, and the Japan Atherosclerosis Society jointly 
conducted a survey of hospitals treating COVID-19 nationwide. 

The results of the survey were published on December 8, 2020 on the websites of academic societies, and 
reported in the journal, along with the results of the responses received afterwards13, 14). The following is a summary.

Responses were obtained from 111 hospitals nationwide for 6,202 COVID-19 patients admitted by August 
31, 2020. D dimer was measured in 75.0% of the cases, with 9.2% of the cases showing an increase of 3-8 times 
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the cutoff value during hospitalization, and 7.6% of the cases showing an increase of 8 times or more. The 
thromophilic tendency of COVID-19 is suggested. Symptomatic thrombosis occurred in 108 patients (1.86% of 
those analyzed), with the following incidence sites (duplicate responses allowed): symptomatic cerebral infarction in 
24 patients, myocardial infarction in 7 patients, deep vein thrombosis in 41 patients, pulmonary thromboembolism 
in 30 patients, and other thrombosis in 22 patients. The incidence of symptomatic cerebral infarction was relatively 
high, accounting for 22.2% of all thrombosis. Thrombosis occurred in 32 cases (0.59% of mild/moderate cases) 
and in 52 cases (13.5% of severe cases that required ventilation and even ECMO cases) during ventilator/ECMO 
use. Anticoagulation was considered desirable in severe cases. Although 67 cases of thrombosis occurred during the 
exacerbation of symptoms, 26 cases of thrombosis occurred during the recovery period, and thrombosis should be 
monitored for a while even during the recovery period.

Anticoagulation was administered to 14.6% of patients hospitalized with COVID-19, mostly because of high 
D-dimer levels or worsening symptoms. Although observational studies have reported that anticoagulant therapy 
reduced death and serious illness15), there have also been many cases of thrombosis that occurred under the 
anticoagulant heparin administration. There are also reports that increasing doses of oral selective Xa inhibitors are 
not effective enough16).

5. COVID-19 Prevention/Vaccine
COVID-19 is transmitted mainly by droplet and aerosol infections, although some contact infections occur. 

Therefore, it is important to wash hands, wear a mask and avoid the 3 Cs (crowded, close, closed).
SARS -CoV-2 is an enveloped virus, and as with other enveloped viruses, it is effective for disinfecting with 

ethanol, which has a membrane-disrupting effect, and for washing hands with soap.
As public health measures were taken to control the spread of the disease around the world, a vaccine was 

developed. In Japan, vaccination has begun, and as of July 4, 2021, more than 31 million people have received at 
least one dose of the vaccine. As is clear from reports from other countries, the number of new and severely infected 
cases of COVID-19 were markedly reduced if a large number of the population were vaccinated17). While the 
vaccines currently approved in Japan all have high efficacy rates, they can cause anaphylactic reactions, fever, 
malaise, and other symptoms. Although very rare (about 1 in 100,000), myocarditis and pericarditis can occur with 
mRNA-type vaccines18). Myocarditis and pericarditis are reported to occur 2-3 days after the second vaccination in 
young men19), and most cases are mild with a hospitalization of about 4 days20). Thrombocytopenic thrombosis 
syndrome (TTS) has also been reported in young women with a similar frequency with adenoviral-type vaccines21, 

22).
Heparin-induced thrombocytopenia and thrombosis (HITT), as well as autoantibodies against PF4 (protein 

factor 4) have been identified and reported to stimulate platelets, resulting in consumptive thrombocytopenia23). 
Note that in many cases, anti-PF4 antibodies can only be detected by ELISA, which is not currently used in Japan. 
In this condition, thrombi are often found in the cerebral venous sinus and visceral veins (such as the splenic vein), 
which are rarely encountered in daily clinical practice, and are also prone to hemorrhage and other complications 
during the course of the disease. Along with thrombotic events due to increased thrombogenicity, attention should 
also be paid to bleeding events due to consumption of factors that contribute to hemostasis. A guide to diagnosis 
and treatment is published jointly by the Japan Stroke Association and the Japanese Society of Thrombosis and 
Hemostasis24).

6. Treatment of Acute Atherosclerotic Disease during the COVID-19 Epidemic
Some ASCVDs, such as acute myocardial infarction and cerebral infarction, require urgent attention even 

during the COVID-19 pandemic. Clinical procedures for COVID-19-infected patients should be determined and 
addressed ahead of time at each hospital, including the timing of examinations, the flow lines within the hospital 
(red zone and yellow zone), the method of catheterization and subsequent procedures, and the method of 
protection and disinfection of inpatient rooms and examination equipment.

7．Refrain from Activities and Outpatient Care during the COVID-19 Pandemic 
During the COVID-19 pandemic period, people tend to work from home more and exercise less.
It also increases alcohol consumption and increases complications of obesity, fatty liver, and dyslipidemia. 

Appropriate outpatient advice should be given to patients at high risk of atherosclerosis and cases of ASCVD.
Furthermore, some chronically ill patients tend to avoid visiting hospitals for fear of infection during 

transportation and also to avoid infection at medical facilities. In such patients, discontinuation of the medication 
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may also occur. Medical facilities should be informed that infection control measures are adequate and that regular 
visits to the hospital should not be interrupted.　

Furthermore, even in the days of the COVID-19 pandemic, there are some infections that require urgent 
attention, such as bacterial pneumonia, and patients may be seen for tuberculosis or bronchial asthma. It is 
important to accept these patients without resistance and not overlook them, even in the COVID-19 pandemic 
phase.

The results of research on COVID-19 infection, pathogenesis of vaccination, prognosis, prevention, and 
treatment are continuously being reported. We must always pay attention to the latest medical information.
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