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Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of death
among urban and rural residents in China, and elevated low-density lipoprotein
cholesterol (LDL-C) is a risk factor for ASCVD. Considering the increasing burden
of ASCVD, lipid management is of the utmost importance. In recent years,
research on blood lipids has made breakthroughs around the world, hence a
revision of Chinese guideline for lipid management is imperative, especially since
the target lipid levels in the general population vary in respect to the risk of ASCVD.
The level of LDL-C, which can be regarded as appropriate in a population without
frisk factors, can be considered abnormal in people at high risk of developing
ASCVD. As a result, the “Guidelines for the prevention and treatment of
dyslipidemia" were adapted into the “Chinese guideline for Lipid Management"
(henceforth referred to as the new guidelines) by an Experts’ committee after
careful deliberation. The new guidelines still recommend LDL-C as the primary
target for lipid control, with cardiovascular disease (CVD) risk stratification to
determine its target value. These guidelines recommend that moderate intensity
statin therapy in adjunct with a heart-healthy lifestyle, be used as an initial line of
treatment, followed by cholesterol absorption inhibitors or/and proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitors, as necessary. The new
guidelines provide guidance for lipid management across various age groups,
from children to the elderly. The aim of these guidelines is to comprehensively
improve the management of lipids and promote the prevention and treatment of
ASCVD by guiding clinical practice.
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1 Introduction

Cardiovascular disease (CVD) is the most common chronic non-communicable disease
threatening human life and health globally. CVD, and especially atherosclerotic
cardiovascular disease (ASCVD) (e.g., ischemic heart disease and ischemic stroke), is the
leading cause of death among urban and rural residents in China, accounting for more than
40% of the deaths (National Center for Cardiovascular Diseases, 2022). Cardiovascular
Disease (CVD) refers to a class of diseases that affect the heart and blood vessels. It
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encompasses various conditions such as coronary artery disease,
heart failure, arrhythmias, valvular heart diseases, and peripheral
artery disease. The component events of CVD can vary depending
on the specific condition but may include coronary artery blockage,
heart attack, heart failure, arrhythmias (abnormal heart rhythms),
and problems with heart valves or the blood vessels. Atherosclerotic
Cardiovascular Disease (ASCVD): ASCVD specifically refers to a
subset of cardiovascular diseases caused by the buildup of plaque in
the arteries, leading to atherosclerosis. ASCVD primarily involves
conditions like coronary artery disease, cerebrovascular disease
(stroke), and peripheral artery disease. The primary component
events of ASCVD are related to the development and consequences
of plaque buildup in the arteries. These include coronary artery
blockage leading to angina or heart attack, carotid artery disease
resulting in stroke, and peripheral artery disease leading to reduced
blood flow to the extremities. In recent years, the disease burden of
ASCVD in China has continued to increase (Zhao et al., 2019), and
the situation of prevention and control is severe. Hence, there is an
urgent need to improve the measures of prevention and treatment of
ASCVD.

There is strong evidence from epidemiological, genetic, and
clinical interventional studies confirming that low-density
lipoprotein cholesterol (LDL-C) is a causal risk factor for
ASCVD (Ference et al., 2017). Recent studies also suggest that
apolipoprotein B (ApoB) containing lipoproteins, including
triglyceride-rich lipoproteins (TRL) and their residues, as well as
lipoprotein a) [Lp(a)], are not only involved in the pathophysiology
of ASCVD but may also be associated with events such as
atherosclerotic thrombosis (Ference et al., 2017).

The age-adjusted coronary heart disease mortality rate in the
United States in the 20th century showed the start of a declining
trend in 1968 and decreased by more than 40% between 1980 and
2000. The contribution of controlling the risk factors accounted for
44%, and the largest contributor was the reduction of total
cholesterol (TC) levels which accounted for 24% (Ford et al.,
2007). To the contrary, data show that the TC, LDL-C, and
triglyceride (TG) levels of Chinese residents have increased
significantly in 2012 compared to 2002, while high-density
lipoprotein cholesterol (HDL-C) decreased significantly, and the
prevalence of dyslipidemia in people aged ≥18 years has increased
significantly (Center for Disease Control and Prevention of National
Health Commission of the People’s Republic of China, 2015). The
awareness -, treatment - and control rate of dyslipidemia among
residents are at a low level during the same time periods. As a result,
China is facing an increasing trend of ASCVD disease burden, and
lipid management is urgent.

In 2007, the Chinese Society of Cardiology, with the support
of the former Center for Disease Control and Prevention of
Ministry of Health of the People’s Republic of China,
organized a joint committee of multidisciplinary Experts to
develop the Chinese guidelines on Prevention and Treatment of
Dyslipidemia in Adults (Joint Committee on Chinese Guidelines
on Prevention and Treatment of Dyslipidemia in Adults, 2007)
based on the 1997 Recommendations for Prevention and
Treatment of Dyslipidemia (Chinese Cardiovascular Journal
Editorial Board Dyslipidemia Prevention and Treatment
Countermeasures Special Group, 1997). In 2016, the National
Experts’ Committee for Cardiovascular Diseases of the National

Center for Cardiovascular Disease, in collaboration with the
former Center for Disease Control and Prevention of National
Health and Family Planning Commission of the People’s
Republic of China, organized a multidisciplinary Expert
committee. The objective of the committee was to document
the progress of national and international research in the field of
dyslipidemia, focusing on epidemiological and clinical research
evidence in China, and comprehensively integrate it with the
international dyslipidemia guidelines, to formulate the
2016 Chinese guideline for the Management of Dyslipidemia in
Adults (Joint Committee on Chinese Guideline for the
Management of Dyslipidemia in Adults, 2016). This guideline
put forward more suitable dyslipidemia management
recommendations for the Chinese population and was pivotal
in guiding the prevention and treatment of dyslipidemia,
including at the grassroots level (National Society of
Cardiometabolic Medicine, 2022).

Following the publication of the 2016 Chinese guideline for
the Management of Dyslipidemia in Adults, the causal
relationship between LDL-C and atherosclerosis was
established. Research also demonstrated that the combination
of lipid-lowering drugs and use of new drug classes such as
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors
can reduce LDL-C levels by 50%–70%, resulting in further
reduction in major adverse cardiovascular events (MACE)
based on statin therapy. This observation reaffirmed that
additional substantial LDL-C reductions can lead to greater
cardiovascular protection (Sabatine et al., 2017; Bhatt et al.,
2019). These new clinical trial results have led to updates and
revisions of many foreign lipid management guidelines (Grundy
et al., 2019; Mach et al., 2020), which tend to emphasize more
stringent LDL-C control goals, especially for patients at high risk
for ASCVD. Additionally, significant progress has been made
researching the residual cardiovascular risk associated with
lipids.

Based on the above background, the National Cardiovascular
Disease Expert Committee, together with the Chinese Society of
Cardiology, the Chinese Society of Endocrinology, the Chinese
Diabetes Society, the Chinese Society of Laboratory Medicine and
the Chinese Stroke Association, formed a joint Expert committee of
multidisciplinary Experts to update the 2016 Chinese guideline for
the Management of Dyslipidemia in Adults. The aim of this
committee was to guide clinical practice to comprehensively
improve the level of lipid management in China by promoting
CVD prevention and treatment.

Considering that the target levels of lipids in the population
varies with the level of ASCVD risk stratification, the LDL-C level,
which can be regarded as “normal” in a population without risk
factors, may be considered significantly “elevated” in patients with
ultra (very) high risk of ASCVD. Therefore, after careful and
extensive deliberations, the Experts’ committee on guideline
revision decided to revise the “Guidelines for the Management of
Dyslipidemia” to “Guidelines for Lipid Management”. In addition,
as dyslipidemia and atherosclerosis may have onset in childhood,
lipid management should also be initiated in children and young
adults. This guideline includes recommendations for lipid
management in children as well as for patients in various age
groups. Therefore, the Experts’ committee unanimously agreed to
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rename the newly revised guideline as 2023 Chinese guideline for
lipid management.

This guideline revision process followed the methodology and
procedures as outlined by the World Health Organization and the
Chinese Medical Association for guideline development/revision
(Jiang, Z et al., 2016). Firstly, the main contents and core issues of
the new guideline were solicited from the Expert committee members,
and a total of 15 core issues in 6 areas (1. General principles of
guideline revision, 2. Main contents of update, 3. Overall
cardiovascular risk assessment, 4. Goals of lipid-lowering therapy,
5. Pharmacological and non-pharmacological treatment measures for
lipid-lowering therapy, and 6. Lipid management in children and
special populations) were identified after research and ranked. The
guideline revision working group developed a literature search and
evaluation strategy based on the core issues. The results from the
comprehensive search of Chinese and English literature databases
were then provided to the Experts to conduct a systematic review and
evaluation, paying special attention to the collection and adoption of
results and data from national clinical studies and population-based
cohort studies. During the preparation process, the Expert’s committee
held seven symposiums to discuss the core issues. Based upon the
systematic literature review, the Experts’ committee reached consensus
after repeated discussion sessions, made recommendations, and
assigned levels of evidence. In the instances where there was
difference of opinion after repeated discussions, the opinion
supported by majority of the experts was accepted.

The definition of levels of recommendation classifications and
levels of evidence in this guideline are based on corresponding lipid
management guidelines from Europe and the United States (Grundy
et al., 2019; Mach et al., 2020).

The definitions of the recommended classifications in this guide
are expressed as follows.

Class Ⅰ: Treatments or operations for which there is proven and/
or consistent recognition of benefits, usefulness, or
effectiveness are recommended.

Class Ⅱ: Treatments or operations for which the evidence of
usefulness and/or effectiveness is still contradictory or
for which there are different opinions.

Class Ⅱa: Evidence, opinions that tend to be useful and/or effective,
and the application of these treatments or operations is
justified.

Class Ⅱb: The relevant evidence and views are not yet adequate to
prove useful and/or effective, but the application can be
considered.

Class Ⅲ: Treatments or operations that have been proven and/or
unanimously recognized as ineffective and may be unsafe
in some cases are not recommended.

Levels of evidence are defined as follows in the guideline.

Evidence level A: Evidence based on multiple randomized clinical
trials (RCT) or meta-analyses.

Evidence level B: Evidence based on a single RCT or multiple
non-randomized controlled studies.

Evidence level C: Expert consensus opinion only and/or based on
small size studies, retrospective studies, and
registry study results.

Declaration of conflict of interest: all participants in the
guideline revision declared no conflict of interest. Highlights of
the new 2023 guidelines updates compared to the 2016 version are
listed in Supplementary Table S2.

2 Epidemic characteristics of
dyslipidemia

Key points.

1. In recent decades, the lipid levels and the prevalence of
dyslipidemia in the Chinese population has increased
significantly. The increase in hypercholesterolemia is most
pronounced.

2. The treatment rate and achieved rate of lipid-lowering in the
ASCVD ultra (very) high risk population are relatively low and
need urgent improvement.

Since the 1980s, the Chinese population, including children and
adolescents, has experienced a significant change in the lipid levels
and a marked increase in the prevalence of dyslipidemia (Yang et al.,
2012; Ding et al., 2016; Zhang et al., 2018; Song et al., 2019; Center
for Disease Control and Prevention of National Health Commission
of the People’s Republic of China, 2020; NCD Risk Factor
Collaboration, 2020).

The average level of lipid components is an important indicator to
evaluate the trend of lipid changes in the population. Data from the
2018 national survey (Center for Disease Control and Prevention of
National Health Commission of the People’s Republic of China, 2020)
showed that for Chinese adults aged ≥18 years, the average serum TC
was 4.8 mmol/L, LDL-C was 2.9 mmol/L, and TG was 1.7 mmol/L.
Compared with the data obtained from the national surveys conducted
in 2002, 2010, and 2015 respectively, the average levels of all lipid
components were significantly higher (Yang et al., 2012; Song et al.,
2019). A recently published global study (NCD Risk Factor
Collaboration, 2020) reported that in 1980, the average levels of TC
and non-high-density lipoprotein cholesterol (non-HDL-C) in Chinese
adults were in a relatively low tier and significantly lower than those in
Western countries; whereas in 2018, the average levels of TC and non-
HDL-C in Chinese adults were equivalent to - or exceeded the average
levels in certain Western countries. Meanwhile, lipid levels in children
and adolescents also showed an elevated trend. A study on child and
adolescent metabolic syndrome in Beijing (Ding et al., 2016)
demonstrated that the average serum TC, LDL-C, and non-HDL-C
levels of children and adolescents aged 6–18 years in 2014 were 4.3, 2.4,
and 2.8 mmol/L respectively, which were significantly higher than those
reported10 years ago. Elevated level of serum cholesterol is expected to
lead to an increase of approximately 9.2million cardiovascular events in
China between 2010 and 2030 (Moran et al., 2010). Mitigating this
continued rise in the mean serum cholesterol level is an important goal
for ASCVD prevention in China.

The prevalence of adult dyslipidemia in China has remained
high in recent years (Pan et al., 2016; Song et al., 2019; Center for
Disease Control and Prevention of National Health Commission of
the People’s Republic of China, 2020). The results of the
2018 national survey demonstrated that the prevalence of
dyslipidemia among adults aged ≥18 years was 35.6% (Center for
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Disease Control and Prevention of National Health Commission of
the People’s Republic of China, 2020), which was higher compared
with the 2015 national survey (Song et al., 2019). The increase in
prevalence of hypertriglyceridemia (TC ≥ 6.2 mmol/L) was the most
marked (Center for Disease Control and Prevention of National
Health Commission of the People’s Republic of China, 2020).
Compared with 2015, the age-specific prevalence of
hypertriglyceridemia nearly doubled in 2018 (from 4.9% to
8.2%). The prevalence of high LDL-C also continued to increase,
with 8.0% of adults aged ≥18 years with LDL-C ≥4.1 mmol/L in
2018 compared with 5.6% and 7.2% in 2010 and 2015 respectively
(Song et al., 2019; Center for Disease Control and Prevention of
National Health Commission of the People’s Republic of China,
2020). The prevalence of hypertriglyceridemia also significantly
increased in children and adolescents in China during this time
period (Ding et al., 2015). The 2012 national survey in children and
adolescents aged 6–17 years in 7 provinces, autonomous regions and
municipalities directly under the central government (Wang et al.,
2018) showed that 5.4% of children and adolescents had
hypertriglyceridemia (TC > 5.2 mmol/L), which was about
1.5 times higher than 10 years ago, whilst high TG and low
HDL-C were more common in the children.

Improving awareness -, treatment - and control rate of dyslipidemia
among the public or ASCVD patients is the core strategy for the primary
and secondary prevention of ASCVD. A survey conducted between
2012 and 2015 showed that the awareness rate of dyslipidemia among
Chinese adults aged ≥35 years was only 16.1% (China Hypertension
Survey and Research Group, 2019). For the high-risk cardiovascular
population and ASCVD patients, the goal is to focus on improving the
treatment rate of cholesterol-lowering drugs and the target LDL-C rate.
The treatment rate of lipid-lowering drugs was only 5.5% of the
population at high risk for ASCVD in primary prevention. Of those
who already had ASCVD, the treatment rate of lipid-lowering drugs was
14.5% and the target LDL-C rate was only 6.8% (Zhang et al., 2018). In
addition, among 104,516 patients hospitalized with acute coronary
syndrome (ACS) in 246 hospitals across China, analysis using the
criteria of The Chinese Expert Consensus on Lipid Management of
Very High-risk Atherosclerotic Cardiovascular Disease Patients
(Atherosclerosis and Coronary Heart Disease Working Group of
Chinese Society of Cardiology and Editorial Board of Chinese Journal
of Cardiology, 2020) showed that 75.1% of these patients were at very-
high risk, and the target LDL-C rate at admission (<1.4 mmol/L) was
only 6.6%; 95.1% of patients (those with discharge prescription
information) received only statin monotherapy at discharge (Zeng
et al., 2020). A recent follow-up study of 9,944 ASCVD patients
including chronic coronary heart disease, ischemic stroke and
peripheral vascular disease suggested that 26% of Chinese ASCVD
patients were at very-high risk and the target LDL-C rate was only
13% (Li et al., 2021). These results indicate that lipid management in the
Chinese population needs to be further strengthened.

3 Lipids and lipoproteins

Key points.

1. The main clinically relevant lipid components include cholesterol
and TG.

2. Blood cholesterol and TG are mainly found in lipoproteins,
including chylomicron (CM), very low-density lipoprotein
(VLDL), intermediate-density lipoprotein (IDL), low-density
lipoprotein (LDL), High-density Lipoprotein (HDL) and
Lipoprotein a) (Lp(a)).

Blood lipids is a general term encompassing serum cholesterol,
TG and other lipids (e.g., phospholipids), with the clinically most
relevant lipids being cholesterol and TG. Lipids are insoluble in
water and must be bound to a special protein, apolipoprotein (Apo),
to form lipoproteins before they can be dissolved in the blood and
transported to tissues for metabolism.

Lipoproteins are classified as chylomicron (CM), very low-
density lipoprotein (VLDL), intermediate-density lipoprotein
(IDL), low-density lipoprotein (LDL) and high-density
lipoprotein (HDL). In addition, there is another type of
lipoprotein called lipoprotein (a) [Lp(a)]. The physical features,
main components, sources, and functions of lipoproteins are shown
in Supplementary Table S3.

3.1 Chylomicron (CM)

CM is synthesized by the small intestine and is the largest
lipoprotein in the blood, with the lowest density and the main
component being TG. When blood is collected after 12-h fasting in
normal people, there is no CM in the serum, but when there is a large
amount of CM in the blood after a meal or in certain pathological
conditions, the blood has a white cloudy appearance and is called
“Chylomicronemia”.

3.2 Very low-density lipoprotein (VLDL)

VLDL is synthesized by the liver and its TG content is about
50%–65%, together with CM it is collectively called triglyceride-rich
lipoprotein (TRL). VLDL molecule is smaller than CM. When TG is
normal, the serum of 12-h fasting is clear and transparent, but when
the fasting serum TG level is > 3.4 mmol/L, the serum appears milky
and shiny up to cloudy.

3.3 Low-density lipoprotein (LDL)

LDL is converted from VLDL. LDL particles contain about 50%
of cholesterol and are the lipoproteins with the highest cholesterol
content in the blood, so they are called cholesterol-rich lipoproteins.
Due to the small size of LDL particles, serum is not cloudy even if the
concentration of LDL-C is high.

More than 95% of apolipoprotein in LDL is ApoB100. LDL
transports cholesterol to peripheral tissues, and most LDL is
catabolized by LDL receptors (LDLR) in hepatocytes and
extrahepatic tissues. LDL plays a key role in the development
and progression of atherosclerosis. Additionally, differences in
physicochemical, metabolism and function lead to a certain
heterogeneity between LDL particles. Depending on the particle
size and density, LDL can be divided into different subfractions,
including large and light, intermediate and small dense LDL
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(sdLDL). The latter may exert a stronger atherogenic effect (Boren
et al., 2020).

3.4 High-density lipoprotein (HDL)

HDL is mainly synthesized by the liver and small intestine and is
the smallest lipoprotein, being almost half lipid and half protein. The
apolipoprotein in HDL is predominantly ApoA1. HDL is also a type
of heterogeneous lipoprotein and can be divided into different
subfractions. These HDL subfractions differ in shape, density,
particle size, charge and anti-atherogenic properties.

3.5 Lipoprotein(a) (Lp(a))

Lp(a) consists of LDL-like particles and Apo(a), which are
covalently bound by disulfide bonds. Lp(a) has a significant
polymorphism derived from the variable length of the Apo(a)
peptide chain. Unlike LDL, Lp(a) cannot be converted from
VLDL or to other lipoproteins and is an independent class of
lipoproteins synthesized by the liver.

Currently, the vast majority of studies support Lp(a) as an
independent risk factor for ASCVD and calcified aortic stenosis
(Ong et al., 2021; Li et al., 2022; Mehta et al., 2022).

3.6 Triglyceride-rich lipoprotein (TRL)

TRL contains both CM and VLDL and is rich in TG. ApoB is the
predominant structural protein of TRL. VLDL containing
ApoB100 is synthesized by the liver and can be metabolized into
VLDL residues, IDL and LDL. CM containing ApoB48 is
synthesized by the small intestine, has a larger diameter, and can
be metabolized into CM residues.

TRL and its residuals are associated with ASCVD risk. In
populations treated with statins, TRL remains an independent
factor for residual lipid-related cardiovascular risk in addition to
LDL-C, especially in some special populations such as diabetic
patients (Chapman et al., 2011; Vallejo-Vaz et al., 2018; Chait
et al., 2020; Mach et al., 2020; Raposeiras-Roubin et al., 2021).

4 lipid testing programs

Key points.

1. Routine clinical lipid tests include TC, TG, LDL-C and HDL-C;
ApoA1, ApoB and Lp(a) have been used as lipid tests by an
increasing number of clinical laboratories.

2. Non-HDL-C can be obtained by calculation and is a secondary
target of intervention with lipid-lowering therapy.

Routine clinical lipid tests include TC, TG, LDL-C, and HDL-C.
It is easy and practical to obtain non-HDL-C by subtracting HDL-C
from TC. Many large hospitals in China also conduct ApoA1, ApoB,
and Lp(a) tests (Yan, 2003; Laboratory Medicine Society of Chinese
Medical Association et al., 2022). In addition, sdLDL-C, lipoprotein

particles or subfractions are available in some specialized
organizations, and their clinical application value is also gaining
attention (Yan, 2008; Liu and Zhao, 2021; Laboratory Medicine
Society of Chinese Medical Association et al., 2022).

4.1 Total cholesterol (TC)

TC is the sum of the cholesterol contained in each lipoprotein in
the blood. The main factors that affect TC levels are.

(1) Age and gender: TC level often increases with age but
plateaus or even decreases after the age of 70. TC level is
also lower in young and middle-aged women compared to
men whereas it is higher in postmenopausal women than in
men of the same age.

(2) Dietary habits: long-term high cholesterol, high saturated
fatty acid intake can cause TC elevation.

(3) Genetic factors: Mutations in enzymes or receptor genes
related to lipoprotein metabolism are the main reason for
the significant increase in TC.

Fasting or non-fasting blood specimens can be used for TC tests,
with no significant difference in results.

4.2 Triglyceride (TG)

In addition to genetic factors, race, age, gender, and lifestyle
habits (e.g., diet, exercise, etc.) may contribute to higher
triglyceride levels. TG levels are highly variable within and
between individuals, and the TG level of the same individual
is influenced by diet and different time of day, so there may be
large differences in TG values when the same individual is
measured multiple times (Yan, 2003; Laboratory Medicine
Society of Chinese Medical Association et al., 2022). Serum
TG levels show a significant skewed distribution in the
population. Postprandial TG levels can be elevated
(approximately 0.3 mmol/L) regardless of lipid abnormalities;
if non-fasting serum TG is ≥ 4.5 mmol/L, a fasting specimen
should be collected for lipid testing to assess TG concentrations
(Yan, 2008; Liu and Zhao, 2021).

4.3 Low-density lipoprotein cholesterol
(LDL-C)

Cholesterol accounts for about 50% of LDL particles, and LDL-C
concentrations basically reflect blood LDL particle levels. The same
factors that affect TC can also affect LDL-C levels. LDL-C can be
calculated directly by using Friedewald’s formula (LDL-C = TC −
HDL-C − TG/2.2), which was once the most common method of
LDL-C determination internationally and is still used in many
countries (Yan, 2003; Laboratory Medicine Society of Chinese
Medical Association et al., 2022). However, for patients with
TG ≥ 4.5 mmol/L or certain abnormal lipoproteinemia, it is
appropriate to use the direct assay to detect serum LDL-C level
(Jacobson et al., 2015a; He and Yan, 2021). Homogeneous phase
method is the most commonly used method for LDL-C
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determination in China at present (Yan, 2003; He and Yan, 2021;
Laboratory Medicine Society of Chinese Medical Association et al.,
2022).

4.4 High-density lipoprotein cholesterol
(HDL-C)

The HDL-C level is clearly influenced by genetic factors. Severe
malnutrition is accompanied by significantly lower serum TC and
lower HDL-C. Obesity and smoking can also result in lower HDL-C,
Research indicates that conditions like diabetes, hepatitis and
cirrhosis are related to low HDL-C. Patients with
hypertriglyceridemia often have low HDL-C, whereas physical
activity (exercise) is associated with mild increases in HDL-C.

The cholesterol content of HDL is relatively stable, so the
amount of cholesterol that HDL contains is currently measured
to indirectly obtain the level of HDL in the blood. In general, serum
HDL-C levels are inversely correlated with the risk of ASCVD (Yan,
2003; Gotto and Brinton, 2004; Laboratory Medicine Society of
Chinese Medical Association et al., 2022).

4.5 Non-high-density lipoprotein
cholesterol (non-HDL-C)

Non-HDL-C is the sum of cholesterol contained in lipoproteins
other than HDL in the blood, including cholesterol in VLDL, IDL,
LDL and Lp(a). Non-HDL-C represents the total amount of
cholesterol in ApoB-containing lipoprotein particles and is
calculated as follows: Non-HDL-C = TC − HDL-C. Some
international guidelines recommend non-HDL-C as the primary
target for primary and secondary prevention of ASCVD (Jacobson
et al., 2015a; Boren et al., 2020).

4.6 Apolipoprotein A1 (Apo A1)

ApoA1 levels in the normal population are mostly within the
range of 1.20–1.60 g/L, and slightly higher in women than in men.
ApoA1 is the main protein component of HDL particles (about
65%–75%), while ApoA1 is very little in other lipoproteins. Thus,
serum ApoA1 can reflect the level of HDL particles and is
significantly positively correlated with HDL-C, and its clinical
significance is generally similar (Yan, 2003; Laboratory Medicine
Society of Chinese Medical Association et al., 2022). In rare cases,
such as patients with familial hypertriglyceridemia, their HDL-C
tends to be low, but ApoA1 is not necessarily low, and measuring
ApoA1 and HDL-C simultaneously can help clinical diagnosis.

4.7 Apolipoprotein B (ApoB)

Serum ApoB is in the range of 0.80–1.10 g/L in the normal
population. Under normal conditions, each LDL, IDL, VLDL and
Lp(a) particle contains one molecule of ApoB. ApoB has two
subclasses, ApoB48 and ApoB100, the former being mainly
present in CM and the latter in LDL. Unless otherwise stated,

ApoB is usually referred to as ApoB100 in routine clinical
measurements.

Serum ApoB mainly reflects the level of LDL particles and is
significantly positively correlated with serum LDL-C level, and the
clinical significance of both is similar (Yan, 2003; Laboratory
Medicine Society of Chinese Medical Association et al., 2022). In
some cases, such as hypertriglyceridemia, due to the increase of TRL
and residual particles as well as sdLDL particles, the ApoB level is
high and the cholesterol level is relatively low, therefore, the so-
called “hyper-ApoB”may occur in which the LDL-C level is not high
but the serum ApoB level is increased. Thus, simultaneous
measurement of ApoB and LDL-C is beneficial for clinical
ASCVD risk determination.

4.8 Lipoprotein (a) (Lp(a))

Serum Lp(a) concentrations are mainly genetically related, with
a significant skewed distribution of Lp(a) levels in the normal
population, with geographic and ethnic differences. A cut-off
point of 300 mg/L is usually used, above which the risk of CVD
increases (Yan, 2003; Laboratory Medicine Society of Chinese
Medical Association et al., 2022). An increase in Lp(a) is an
independent risk factor for coronary heart disease, ischemic
stroke, peripheral vascular disease, coronary artery calcification,
and calcified aortic stenosis. In addition, increased Lp(a) is also
seen in a variety of inflammatory responses, nephrotic syndrome,
diabetic nephropathy, pregnancy, the administration of growth
hormones, etc. (Wilson et al., 2019; Beijing Society of Cardiology,
2021; Laboratory Medicine Society of Chinese Medical Association
et al., 2022).

As Apo(a) has obvious polymorphism, different Apo(a) isomers
have different molecular weights, resulting in different Lp(a) test
methods to obtain results are not completely consistent, the unit of
detection results are nmol/L and mg/L, but the two cannot be
directly converted (Wilson et al., 2019; Beijing Society of
Cardiology, 2021; Laboratory Medicine Society of Chinese
Medical Association et al., 2022).

4.9 Small, dense LDL-C with lipoprotein
particles and subfractions (sdLDL)

Compared to large particle LDL, the sdLDL subtype is
considered to have a more prominent role in promoting the
onset and progression of atherosclerosis. Serum sdLDL-C is
mostly in the range of 0.2 mmol/L to 1.4 mmol/L in the normal
population, and sdLDL-C measurement is useful for ASCVD risk
assessment and determination of the severity of relevant diseases
(Wu and Wang, 2017; Laboratory Medicine Society of Chinese
Medical Association et al., 2022).

In addition, the use of new techniques such as novel vertical
automated density gradient ultracentrifugation and magnetic
resonance spectroscopy, which can detect various lipoprotein
subfraction cholesterol levels and particle concentrations, may be
an aid in assessing the residual lipid-related risk of ASCVD (Xu
et al., 2015; He and Yan, 2021; Laboratory Medicine Society of
Chinese Medical Association et al., 2022; Zhang et al., 2022).
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The unit of the measured values of each lipid item is mmol/L (or
g/L) according to the Chinese national standard while mg/dL is used
in certain countries. Interconversion coefficients are shown as
follows:

TC, HDL-C and LDL-C: 1.0 mmol/L = 38.6 mg/dL;
TG: 1.0 mmol/L = 88.5 mg/dL; ApoA1 and ApoB: 0.01 g/L =

1 mg/dL.
The accuracy of lipid test results is affected by a variety of factors,

and it is recommended that clinical testing work should be
performed in accordance with the requirements of Clinical Lipid
Testing.

5 Overall risk assessment for
atherosclerotic cardiovascular disease

Key points.

1. Overall ASCVD risk assessment is the basis for lipid intervention
decisions.

2. It is recommended to use The Flow Chart for Overall Risk
Assessment of ASCVD in Chinese Adults based on a long-term
cohort study in Chinese population for risk assessment.

3. Further risk assessment for the rest of life should be performed
for those aged <55 years with a moderate 10-year risk of ASCVD.

4. Individuals at moderate risk for ASCVD at 10 years and not at
high risk for the rest of their lives should be considered for
intervention decisions in combination with risk-enhancing
factors.

Numerous observational studies and clinical trials have
confirmed LDL-C as a pathogenic risk factor for ASCVD
(Cholesterol Treatment Trialists Collaboration, 2015; Navarese
et al., 2018). However, an individual’s risk of ASCVD depends
not only on the level of LDL-C, but also on the number and level of
co-existing disease states and other ASCVD risk factors (Liu et al.,
2004; Wu et al., 2006; Yang et al., 2016). Even for individuals with
the same LDL-C level, other conditions can lead to significant
differences in overall ASCVD risk, and the presence of co-
morbidities or risk factors can significantly increase the overall
risk of ASCVD. In addition, the risk of recurrent cardiovascular
events varies significantly among patients who have already
developed ASCVD. Even after controlling risk factors such as
lipids, blood pressure and blood glucose according to ultra and
very high risk criteria, there may still be a high “residual
cardiovascular risk” (Kaasenbrood et al., 2016). RCTs have
demonstrated that patients with ASCVD at a higher risk benefit
more significantly from intensive LDL-C-lowering therapy (Bohula
et al., 2017a; Sabatine et al., 2018). Therefore, further risk assessment
should also be performed for patients who already have ASCVD, so
that interventions can be continuously improved to reduce the risk
of recurrence and improve patient prognosis. Whether for primary
prevention to prevent the occurrence of ASCVD or secondary
prevention to improve the prognosis of ASCVD, a
comprehensive evaluation of the overall risk of ASCVD not only
helps to determine the decision of lipid-lowering therapy for
patients with dyslipidemia, but also helps clinicians to make
individualized and comprehensive treatment decisions according

to the patient’s risk level, in order to minimize the overall risk of
ASCVD in patients while avoiding the potential harm caused by
overtreatment.

Currently, all the national and international guidelines for the
prevention and treatment of dyslipidemia include the assessment
methods of the overall risk of ASCVD development and the criteria
of risk stratification (Joint Committee on Chinese Guideline for the
Management of Dyslipidemia in Adults, 2016; Grundy et al., 2019;
Chinese Society of Cardiology of Chinese Medical Association et al.,
2020; Mach et al., 2020). The 2016 Chinese guideline for the
Management of Dyslipidemia in Adults also emphasize that the
adoption of different intensity interventions based on the risk of
ASCVD is the core strategy for the prevention and treatment of
dyslipidemia, and the overall ASCVD risk assessment is the basis for
the treatment decision of dyslipidemia. The “ASCVD overall risk
assessment flow chart” based on long-term cohort studies in Chinese
population is recommended for risk assessment and stratification
(Joint Committee on Chinese Guideline for the Management of
Dyslipidemia in Adults, 2016). Based on the recommendations for
ASCVD risk assessment in the 2016 Chinese guideline for the
Management of Dyslipidemia in Adults, this revision updated the
risk assessment process in the 2016 version of the guidelines by
combining the latest research evidence with national and
international guidelines and consensus: 1) classifying ASCVD
prevention into secondary and primary prevention, depending on
prior history of ASCVD; 2) risk stratification of ultra (very) high risk
in the secondary prevention population already with ASCVD
(Bohula et al., 2017a; Sabatine et al., 2018; Atherosclerosis and
Coronary Heart Disease Working Group of Chinese Society of
Cardiology and Editorial Board of Chinese Journal of Cardiology,
2020; Li et al., 2021); 3) the addition of chronic kidney disease
(CKD) stage 3–5 as one of the three conditions directly classified as
high risk in the primary prevention population without ASCVD
(Chinese Society of Cardiology of ChineseMedical Association et al.,
2020).

The overall ASCVD risk assessment process is presented in
Figure 1.

Firstly, depending on the presence of ASCVD, two categories are
classified as secondary prevention and primary prevention.

In patients with ASCVD, those who have had ≥2 severe ASCVD
events or 1 severe ASCVD event combined with ≥2 high-risk factors
are classified as ultra-high-risk population, and other ASCVD
patients are classified as very high-risk.

Among those without ASCVD, those who meet one of the
following 3 conditions are directly classified as high-risk and do
not require additional 10-year risk assessment for ASCVD: 1) LDL-
C ≥ 4.9 mmol/L (or TC ≥ 7.2 mmol/L); 2) diabetic patients
aged ≥40 years; or 3) CKD stage 3–5. Individuals without the
above-mentioned 3 conditions should be evaluated for overall
risk of ASCVD over the next 10 years when considering the need
for lipid-lowering therapy. There are 21 “categories”, related to the
overall 10-year ASCVD risk assessment, when taking into account
the individual’s: serum cholesterol level stratification (TC and LDL-
C indices), presence or absence of hypertension and cumulative
number of additional risk factors. The 10-year risk is broadly
classified as low (<5%), moderate (5%–9%) and high risk (≥10%)
and further stratified based on hypertensive status and cholesterol
levels. For patients over 55 years of age with a moderate 10-year risk
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of ASCVD, they should be evaluated for ASCVD risk for the rest of their
lives. Those with any 2 or more of the following risk factors are
considered at high risk for ASCVD for the rest of their lives: 1)
systolic blood pressure ≥160 mmHg (1 mmHg = 0.133 kPa) or
diastolic blood pressure ≥100 mmHg; 2) non-HDL-C ≥5.2 mmol/L;
3) HDL-C <1.0 mmol/L; 4) body mass index ≥28 kg/m2; 5) smoking.

It is important to note that in clinical practice, the actual
situation of each patient may be complex, especially for those

with moderate risk assessment results, and it is sometimes
difficult to determine whether to initiate statin therapy. In such
cases, the possible co-existence of CVD risk enhancers (Table 1)
should also be considered. When patients have multiple risk-
enhancing factors combined, they are more inclined to be treated
as high-risk. In addition, both doctors and patients can also refer to
the digital cardiovascular and cerebrovascular disease risk
assessment tool (FuWai Hospital, 2010; Yang et al., 2016)

FIGURE 1
How chart of the overall risk assessment of ASCVD in Chinese adults LDL-C: low-density lipoprotein cholesterol; TC: total cholesterol; CKD: chronic
kidney disease; ASCVD: atherosclerotic cardiovascular disease; HDL-C: high-density lipoprotein cholesterol; ACS- acute coronary syndrome; CABG:
coronary artery bypass grafting; PCI: percutaneous coronary intervention; BlVIL body mass index. The levels of risk factors are all at pre-intervention
levels. *Risk factors included smoking, love HDL-C, and age >45,155 years (male/female); see the section on diabetes in special populations for risk
stratification of diabetic patients < −40 years old.
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developed and based on population cohort research in our country
to fully discuss the risks and to further determine whether to initiate
interventions, taking into account the patient’s wishes.

6 Reference standards for appropriate
blood lipid levels

Key points.

1. The reference level for LDL-C is only for those at low overall risk
for ASCVD.

2. The overall risk of ASCVD should be evaluated when
determining the level of LDL-C control in patients in clinical
practice.

Among the commonly used lipid markers, the one that is
causally related to the risk of ASCVD development, and which is
the primary clinical therapeutic target is LDL-C. For different
populations at risk for ASCVD, the target level of LDL-C and
the criteria for determining elevated LDL-C vary, as do the LDL-
C level and the therapeutic target of LDL-C for initiating lipid-

lowering drug therapy (Boren et al., 2020; Mach et al., 2020). Since
most Chinese adults aged ≥18 years are at low risk for ASCVD
(Zhang et al., 2018), Table 2 lists the reference standards of major
lipid indicators applicable to the low-risk population for ASCVD,
which can help medical professionals and the public to have basic
knowledge of lipid levels. Due to the increasing use of non-HDL-C
and Lp(a) data in clinical practice, reference values for their target
levels are also listed in the table (Table 2).

7 Classification of dyslipidemia

Key points.

The classification of dyslipidemia is complicated, and there are
2 commonly used ones, the etiological classification, and the
clinical classification. The most practical one is the clinical
classification.

Dyslipidemia usually refers to elevated serum cholesterol and/or TG
levels, commonly known as hyperlipidemia. Dyslipidemia may also
refer to a wide range of lipid irregularities, such as low HDL-C. There

TABLE 1 ASCVD risk enhancing factors.

Item Content

Target organ damage Coronary artery calcification ≥100 AU (Blaha et al., 2016; Yeboah et al., 2016)

Ultrasound shows carotid intima-media thickness ≥0.9 mm or presence of carotid atheromatous plaque
(Lorenz et al., 2007; Xie et al., 2011; Blaha et al., 2016)

ABI<0.9 (Blaha et al., 2016; Yeboah et al., 2016)

Left ventricular hypertrophy: ECG Sv1 + Rv5 (Rv6) voltage >3.8 mV, or echocardiography shows left
ventricular mass index >109/105 g/m2 (male/female), or septal thickness ≥11 mm (Echocardiography
Group of Chinese Society of Ultrasound in Medicine, 2016; Zhang et al., 2020; Sheng et al., 2022)

Serum biomarkers Non-HDL-C≥4.9 mmol/L (Sniderman et al., 2011; Emerging Risk Factors Collaboration, 2012; Cao Y et al.,
2019)

ApoB≥1.3 g/L (Sniderman et al., 2011; Emerging Risk Factors Collaboration, 2012)

Lp(a)≥500 mg/L (Emerging Risk Factors Collaboration, 2012; Willeit et al., 2014)

TG ≥ 2.3 mmol/L (Nordestgaard and Varbo, 2014; Nordestgaard, 2016; Madsen et al., 2018)

High-sensitivity C-reactive protein≥2.0 mg/L (Blaha et al., 2016; Yeboah et al., 2016)

Other factors Obesity or abdominal obesity, family history of early onset cardiovascular disease [age of onset <55/65 years
(male/female)] (Blaha et al., 2016; Yang et al., 2016)etc.

ABI: ankle/arm blood pressure index; non-HDL-C: non-HDL, cholesterol; ApoB: apolipoprotein B; Lp(a): lipoprotein(a); TG: triglycerides.

TABLE 2 Reference standards for major lipid indicators in low-risk groups for primary prevention of ASCVD in Chinaa.

Classification TC LDL-C HDL-C TG Non-HDL-C Lp(a)

Ideal level - <2.6 - - <3.4 -

Reasonable level <5.2 <3.4 - <1.7 <4.1 <300

Slight elevation ≥5.2&<6.2 ≥3.4&<4.1 - ≥1.7&<2.3 ≥4.1&<4.9 -

Elevation ≥6.2 ≥4.1 - ≥2.3 ≥4.9 ≥300

Reduction - - <1.0 - - -

TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglycerides; Lp(a): lipoprotein(a).a: Reference standard for ASCVD,

primary prevention low-risk population only. Values listed in the table are lipid levels measured at 12-h fasting before the intervention. -: None. Lp(a) units are mg/L, the rest are mmol/L.
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are 2 common classifications: etiological classification and clinical
classification. The most practical is the clinical classification (Zhao,
2003; Expert Dyslipidemia Panel, 2013; Jacobson et al., 2015a).

7.1 Etiological classification of dyslipidemia

7.1.1 Primary (hereditary) dyslipidemia
Primary dyslipidemia is diagnosed only after secondary

dyslipidemia has been excluded. Most of the primary dyslipidemia is
due to single or multiple gene mutations, and it has family aggregation
and obvious hereditary tendency, especially for single gene mutations,
so it is also clinically known as hereditary or familial hyperlipidemia.

Familial hypercholesterolemia (FH) is a monogenic, autosomal
inherited abnormality of cholesterol metabolism that is most often
dominantly inherited. It is rarely recessively inherited. Currently, there
are three dominant genes recognized as causative for FH: LDL receptor
(LDLR), ApoB, and PCSK9; and one recessive gene: LDL receptor
adaptor protein 1 (LDLRAP1). LDLR pathogenic mutations are
responsible for ≥90% of FH patients, followed by ApoB pathogenic
mutations, with the latter having a higher proportion in Chinese FH
patients (Sun et al., 2018). With the development of gene sequencing
technology, more and more genes, such as signal transducing adaptor
protein 1 (STAP1), lysosomal acid lipase (LIPA), ATP binding cassette
subfamily 6 member 5 (ABCG and ApoE, have been suggested to be
possibly associatedwith the pathogenesis of FH aswell) (Cao et al., 2021).

FH genotypes can be divided into heterozygous FH (HeFH)
(compound heterozygous FH and double heterozygous FH) and
homozygous FH (HoFH). HeFH is the most common FH genotype.
The prevalence of HeFH is estimated to be 1/250 to 1/200 and while
that of HoFH is estimated to be 1/(160,000 to 320,000). The risk of
ASCVD is significantly higher in FH patients because they are
exposed to high serum LDL-C levels from birth (Nordestgaard
et al., 2013; Sharifi et al., 2016).

Familial hypertriglyceridemia is the result of a single gene mutation,
usually in the lipoprotein lipase (LPL) or ApoC2 or ApoA5 genes
involved in TGmetabolism (Willer et al., 2013), and manifests as severe
hypertriglyceridemia (TG > 10 mmol/L) with an incidence of about 1 in
1million.Mild tomoderate hypertriglyceridemia is usually characterized
by multiple gene mutations (Hegele et al., 2014) (Table 3).

7.1.2 Secondary (acquired) dyslipidemia
Secondary dyslipidemia is usually defined as dyslipidemia

caused by underlying systemic diseases that lead to alterations in
serum lipid and lipoprotein metabolism; altered metabolic status;
unhealthy diet, and certain medications. Secondary dyslipidemia
may have similar consequences as primary dyslipidemia.

Diets such as those rich in saturated fatty acids and cholesterol
can cause elevated cholesterol levels, whereas excessive alcohol can
lead to hypertriglyceridemia. Medications, such as glucocorticoids,
estrogens, retinoids, cyclosporine, antidepressants, vascular
endothelial growth factor inhibitors, aromatase inhibitors, etc.,
Can also cause secondary dyslipidemia.

The most common diseases that cause dyslipidemia are obesity,
diabetes, nephrotic syndrome, hypothyroidism, renal failure, liver
disease, systemic lupus erythematosus, glycogen accumulation,
myeloma, lipodystrophy, acute porphyria, polycystic ovary
syndrome, etc.

7.2 Clinical classification of dyslipidemia

The clinical classification of dyslipidemia is summarized in
Table 4.

8 Blood lipid screening

Key points.

1. Lipid testing is fundamental for detecting dyslipidemia, assessing
ASCVD risk, and identifying intervention strategies.

2. Lipid screening is an effective way to improve the early detection
and awareness of dyslipidemia.

3. The frequency of lipid testing should be based on age, ASCVD
risk, and the need for monitoring of therapeutic interventions.

Early detection of dyslipidemia and monitoring of changes in
lipid levels is an important basis for assessing ASCVD risk and
implementing effective ASCVD prevention and treatment measures.
Routine medical services and health checkups are crucial for early

TABLE 3 Primary (hereditary) lipoprotein metabolism-related diseases.

Disease name Estimated
prevalence

Pathogenic genes Effect on lipoproteins

HeFH 1/250–1/200 LDLR, ApoB, PCSK9 LDL-C ↑

HoFH 1/320,000–1/160,000 LDLR, ApoB, PCSK9, LDLRAP1 LDL-C↑↑

Mixed familial hyperlipidemia 1/200–1/100 Upstream transcription factor 1+
modifier gene

LDL-C↑, VLDL-C↑, ApoB↑

Familial dysβ-lipoproteinemia 1/5000 ApoE IDL and VLDL residual particles
(βVLDL) ↑↑

Familial lipoprotein lipase deficiency (familial
chylomicronemia syndrome)

2/1 000 000 LPL, APOC2, ApoA5, GPIHBP1, LMF1 Chylomicron and VLDL-C↑↑

Tangier Disease (absence of α lipoproteinemia) 1/1 000 000 ABCA1 HDL-C↓↓

Familial LCAT 1/1 000 000 LCAT HDL-C↓

HeFH: heterozygous familial hypercholesterolemia; HoFH: homozygous familial hypercholesterole-mia; LCAT: lecithin cholesterol acyltransferase.
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detection of dyslipidemia. Although most medical institutions in
China are equipped with routine lipid testing, the detection rate and
awareness rate of dyslipidemia in adults remain low. It is
recommended to increase the detection and awareness of
dyslipidemia by: 1) raising public awareness of the importance of
regular lipid testing; 2) increasing the availability of lipid testing for
patients in routine medical services; 3) encouraging health screening
services to include lipid testing as a routine item; and 4) including
lipid testing for children and adolescents as a routine item in
primary, middle and high school entry physical examinations.

The frequency of lipid screening and testing indices are
recommended below.

1. Lipid testing (including TC, LDL-C, HDL-C and TG) should be
performed every 2–5 years in adults <40 years of age and at least
once a year in adults ≥40 years of age (Healthy China Initiative
Promotion Committee, 2019);

2. People at high risk for ASCVD (see the section on overall
cardiovascular risk assessment) should have lipid testing based
on the need for individualized control;

3. At least 1 Lp(a) test should be included in the lipid testing of the
high risk population (Mach et al., 2020; Beijing Society of
Cardiology, 2021);

4. Lipid testing should be included as a routine item in primary,
middle and high school physical examinations;

5. First- and second-degree relatives of people with preexisting FH
should be screened for lipids to increase the early detection rate of FH.

Lipid screening is paramount in: 1) People with a history of
ASCVD. 2) People with multiple ASCVD risk factors (e.g.,
hypertension, diabetes, obesity, smoking). 3) People with a family
history of early-onset ASCVD (defined as ischemic cardiovascular
disease before age 55 for first-degree immediate family members in
men, or 65 years of age for first-degree immediate family members
in women), or people with familial hyperlipidemia. 4) Patients with
xanthomas of the skin or in the tendons over the knuckles or in the
Achilles tendons.

9 Principles of dyslipidemia treatment

Key points.

1. LDL-C is the primary target of intervention against ASCVD, and
non-HDL-C is the secondary target of intervention.

2. The corresponding LDL-C and non-HDL-C target values are
determined according to the individual’s ASCVD risk.

3. A heart-healthy lifestyle is fundamental for lowering LDL-C and
non-HDL-C.

4. LDL-C-lowering therapy is initiated with moderate doses of
statins.

5. Combination of cholesterol absorption inhibitors and/or
PCSK9 inhibitors should be considered when LDL-C targets
are not met after statin therapy.

6. High-risk ASCVD patients with elevated TG despite statin therapy
may be combined with high-purity eicosapentaenoic or high-purity
omega-3 fatty acids or fibrates to reduce ASCVD risk.

9.1 Lipid intervention targets and
management

Clinical evidence from studies related to lipids, epidemiology,
genetics, and clinical interventions have been evaluated and
summarized in order to propose primary and secondary targets
of intervention and management recommendations for lipid
management (Table 5).

9.1.1 LDL-C: Primary lipid-lowering target
Conventional lipidmarkers to assess ASCVD risk include TC, LDL-

C, HDL-C, and TG. LDL-C has been used in the majority of lipid-
lowering intervention studies to observe the relationship between the
effect of lipid lowering and the reduction in ASCVD risk.Meta-analyses
have indicated that for every 1 mmol/L reduction in LDL-C, there is a
20%–23% reduction in ASCVD events (Cholesterol Treatment Trialists
Collaboration, 2015; Silverman et al., 2016; Navarese et al., 2018).
Therefore, the majority of national or regional/international
guidelines for lipid management recommend LDL-C as the primary
goal of lipid-lowering therapy.

9.1.2 Non-HDL-C: Secondary lipid-lowering target
All ApoB-containing lipoprotein particles have potentially

atherogenic effects. In the context of increased TRL ratios, such
as hypertriglyceridemia, diabetes, metabolic syndrome, obesity, and
VLDL-C, etc., LDL-C has limitations as a primary target, whereas
non-HDL-C represents the cholesterol in the full range of
atherogenic lipoprotein particles. Some studies have confirmed
that non-HDL-C is a better predictor of ASCVD risk than LDL-
C, regardless of whether or not one is treated with statins (Boekholdt
et al., 2012; Thanassoulis et al., 2014). Although the lipid-lowering
target of interest in statin studies was LDL-C, and statins can mildly
lower TG and elevate HDL-C, in a meta-analysis of statin studies,
ASCVD reduction was found to correlate better with non-HDL-C
reduction than with LDL-C reduction. In addition, non-HDL-C is

TABLE 4 Clinical classification of dyslipidemia.

Classification TC TG HDL-C Equivalent to WHO phenotype (Beaumont et al., 1970)

Hypercholesterolemia Increase - - Ⅱa

Hypertriglyceridemia - Increase - Ⅳ, Ⅰ

Mixed hyperlipidemia Increase Increase - Ⅱb, Ⅲ, Ⅳ, Ⅴ

Low HDL-C - - Decrease -

TC: cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; WHO: world health organization; -: none.
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easier to calculate, and the results are stable and less affected by TG
fluctuations and after meals. Non-HDL-C is suitable as a lipid-
lowering target for special populations with mild to moderate TG
elevation, diabetes, metabolic syndrome, obesity, and VLDL-C.

9.1.3 Other intervention indicators
(1) ApoB: All atherogenic lipoprotein particles, regardless of

particle size, contain one molecule of ApoB. Therefore, ApoB
test is theoretically a more accurate indicator of the number of
atherogenic lipoprotein particles. Some studies also suggest that
ApoB is a better predictor of ASCVD risk than LDL-C or non-
HDL-C (Boekholdt et al., 2012; Thanassoulis et al., 2014).
However, ApoB measurement is not yet widespread, the cost
of the test is relatively high, and evidence from relevant clinical
intervention studies is lacking, so it is not recommended as a
primary target for lipid-lowering therapy at this time.

(2) TG: It is an independent risk factor for ASCVD and is also
identified as a risk enhancer for ASCVD risk in the risk
stratification. Patients with high TG even after reaching LDL-C
target should be treated with concomitant TG-lowering therapy in
order to further reduce ASCVD risk. In addition, in patients with
severe high TG, lowering TG can reduce the risk of pancreatitis.

(3) Lp(a): Numerous epidemiological and genetic studies have shown
that Lp(a) is strongly associated with ASCVD and aortic valve
calcification (Emerging Risk Factors Collaboration, 2009; Willeit
et al., 2014). Large clinical studies to reduce cardiovascular
outcomes of Lp(a) are underway.

(4) HDL-C: Low HDL-C is an independent risk factor for ASCVD,
but increasing HDL-C through medications has not reduced the
risk of ASCVD, so HDL-C is not currently considered a target
for lipid intervention.

9.2 Target values for lipid intervention
targets

Based on the results of large-scale clinical studies, target values
for LDL-C and non-HDL-C are proposed for individuals in different
risk classes to effectively reduce ASCVD risk (Table 6).

The principle for setting target values for lipids in ASCVD
prevention and treatment was not only derived from the results of
large-scale RCTs and meta-analyses, but also from Mendelian
randomization studies and observational studies. Although these
studies did not systematically explore specific target values for LDL-
C, the results of the meta-analyses of these studies consistently
showed that the greater the LDL-C reduction and the longer the
duration, the greater the reduction in ASCVD risk.

Several clinical studies of primary prevention with statins have
shown that LDL-C reduction to below 2.6 mmol/L with moderate-
intensity statins significantly reduces the risk of ASCVD or all-cause
mortality compared with placebo in both moderate-risk and high-
risk patients (Ridker et al., 2008; Cholesterol Treatment Trialists
Collaboration, 2010; Cholesterol Treatment Trialists Collaboration,
2015). Results from secondary prevention clinical studies in very
high-risk patients suggest that LDL-C reduction to less than
1.8 mmol/L further significantly reduces the risk of ASCVD
(Cholesterol Treatment Trialists Collaboration, 2010). A meta-
analysis of secondary prevention studies showed that for patients
who reached an LDL-C of 1.8 mmol/L or less after high-dose statin
therapy, an LDL-C reduction of ≥50% further reduced ASCVD risk
compared with <50%, suggesting that an LDL-C reduction of ≥50%
could be a target for intensive lipid lowering (Bangalore et al., 2016;
Ridker et al., 2016). Studies of statins combined with ezetimibe or
PCSK9 monoclonal antibodies have shown that LDL-C reduction
below 1.4 mmol/L still further reduces ASCVD risk, and the higher
the baseline risk, the greater the absolute ASCVD risk reduction
(Cannon et al., 2015; Sabatine et al., 2017; Schwartz et al., 2018). Post
hoc analysis of a randomized controlled trial showed that ASCVD
event reduction was linearly and negatively correlated with LDL-C
levels even when LDL-C was below 1 mmol/L (Sabatine et al., 2017).

However, the cost-effectiveness of lipid reduction should be
considered when determining LDL-C treatment goals. To ensure
appropriate cost-effectiveness, following factors need to be
considered: the absolute LDL-C reduction value after treatment
and the baseline risk of treated subjects. Therefore, it is appropriate
to set different LDL-C targets according to the different baseline
ASCVD risks of patients, which means that the higher the baseline
risk, the lower the LDL-C target value should be.

TABLE 5 Lipid intervention targets and management recommendations.

Recommendation Recommended
classification

Evidence
level

LDL-C as a primary target for ASCVD risk intervention (Cholesterol Treatment Trialists Collaboration, 2015;
Silverman et al., 2016; Navarese et al., 2018)

Ⅰ A

Non-HDL-C as a target for ASCVD risk intervention in patients with diabetes, metabolic syndrome, high TG, and
VLDL-C (Boekholdt et al., 2012; Thanassoulis et al., 2014)

Ⅰ B

ApoB as a secondary target for ASCVD risk intervention in patients with diabetes, metabolic syndrome, high TG,
and VLDL-C (Boekholdt et al., 2012; Thanassoulis et al., 2014)

Ⅱa C

High TG as an indicator for management of patients at high risk of ASCVD after LDL-C reaching the target (Keech
et al., 2005; Jun et al., 2010; Bhatt et al., 2019)

Ⅱa B

High Lp(a) as an indicator for the management of patients at high risk of ASCVD (Emerging Risk Factors
Collaboration, 2009; Willeit et al., 2014)

Ⅱa C

HDL-C is not recommended as a target for intervention Ⅲ A

LDL-C: low-density lipoprotein cholesterol; ASCVD: atherosclerotic cardiovascular disease; HDL-C: high-density lipoprotein cholesterol; ApoB: apolipoprotein B; TG: triglycerides; Lp(a):

lipoprotein(a).
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9.3 Strategies for lowering lipids to meet
targets

Strategies for lipid-lowering treatment include lifestyle
interventions and pharmacotherapy (Table 7).

The first recommendation in lipid-lowering therapy is a heart-
healthy lifestyle; including a proper diet, moderate increase in
physical activity, weight management, smoking cessation and
alcohol restriction. Of these, a proper diet has a greater impact
on blood lipids (Table 8). Regarding the dietary recommendations in
ASCVD prevention, there is a more consistent understanding to
limit the intake of saturated fatty acids and trans fats, and increase
the intake of fruits and vegetables, whole grain potatoes, dietary fiber
and fish (Table 9).

The healthy dietary patterns recommended by international
guidelines are mainly to control hypertension as in “DASH” diets
(United States) and “Mediterranean diets” (Europe). As the dietary
habits of Chinese residents are unique, Chinese scholars have
proposed a Chinese heart-healthy dietary pattern. The results of
a randomized double-blind parallel-controlled dietary trial has
shown that the Chinese heart-healthy diet significantly reduces
blood pressure compared with the traditional diet (Wang et al.,

2022). This provides a reference for the development of future
dietary recommendations for lipid management in the Chinese
population. Although studies have shown that dietary cholesterol
intake significantly affects serum cholesterol levels (Wang et al.,
2022), consistent conclusions regarding the relationship between
dietary cholesterol and cardiovascular events have not been achieved
due to multiple known and unknown confounding factors.
However, in terms of serum cholesterol being a risk factor for
ASCVD, elevated serum cholesterol levels from any cause can
increase the risk of ASCVD. Therefore, based on the
recommended Chinese heart-healthy dietary pattern, special
emphasis should be placed on reducing dietary cholesterol intake
to less than 300 mg per day for those at high risk of ASCVD and
patients with hypercholesterolemia (Ginsberg et al., 1994; Ginsberg
et al., 1995; Tanasescu et al., 2004; Djousse et al., 2009; Zhong et al.,
2019).

When lifestyle interventions fail to achieve lipid-lowering goals, the
addition of lipid-lowering drugs should be considered. Statins are the
basis of cholesterol-lowering therapy, but their dose doubling increases
the LDL-C lowering effect by only 6% and has potential side effects such
as liver function impairment, myopathy, and new-onset diabetes. The
China Intensive Lipid Lowering with statins in Acute coronary

TABLE 6 Target values of lipid-lowering targets.

Risk level LDL-C recommended target values (mmol/L) Recommended
classification

Evidence
level

Low risk <3.4 (Cholesterol Treatment Trialists Collaborators, 2012) Ⅱa B

Medium and high
riska

<2.6 (Ridker et al., 2008; Cholesterol Treatment Trialists Collaboration, 2010; Cholesterol
Treatment Trialists Collaboration, 2015; Yusuf et al., 2016a)

I A

Very high risk <1.8 and >50% reduction from baseline (Cholesterol Treatment Trialists Collaboration, 2010;
Cannon et al., 2015; Bangalore et al., 2016; Ridker et al., 2016; Sabatine et al., 2017; Schwartz
et al., 2018)

I A

Ultra-high risk <1.4 and >50% reduction from baseline (Cholesterol Treatment Trialists Collaboration, 2010;
Cannon et al., 2015; Bangalore et al., 2016; Ridker et al., 2016; Sabatine et al., 2017; Schwartz
et al., 2018)

I A

LDL-C: low-density lipoprotein cholesterol.a See the section on diabetes in special populations for lipid targets in ASCVD, high-risk patients with comorbid diabetes. Non-HDL-C, target level =

LDL-C + 0.8 mmol/L.

TABLE 7 Recommended strategies for achieving lipid reduction.

Recommendation Recommended
classification

Evidence
level

1. Lifestyle interventions are the foundation of lipid-lowering treatment I B

2. Moderate-intensity statins as initiation therapy for achieving lipid-lowering target (Scandinavian Simvastatin
Survival Study Group, 1994; Shepherd et al., 1995; Sacks et al., 1996; Downs et al., 1998; Collins et al., 2003; Sever
et al., 2003; Colhoun et al., 2004; Nakamura et al., 2006; Zhao et al., 2014; Yusuf et al., 2016a; Diaz et al., 2021)

I A

3. Combination of cholesterol absorption inhibitors for those who cannot reach LDL-C target with moderate-
intensity statin therapy (Cannon et al., 2015; Kim et al., 2022)

I A

4. Moderate-intensity statins combined with cholesterol absorption inhibitors LDL-C still cannot achieve the target,
combined with PCSK9 inhibitors (Sabatine et al., 2017; Schwartz et al., 2018)

I A

5. Ultra-high-risk patients with high baseline LDL-C levelsa who are expected to have difficulty achieving the target
with a statin combined with a cholesterol uptake inhibitor may be initiated directly on statin combined with
PCSK9 inhibitor therapy (Sabatine et al., 2017; Schwartz et al., 2018)

IIa A

6. Patients who cannot tolerate statins should consider cholesterol absorption inhibitors or PCSK9 inhibitors
(Moriarty et al., 2015; Nissen et al., 2016; Schreml and Gouni-Berthold, 2018)

IIa C

LDL-C: low-density lipoprotein cholesterol; PCSK9: proprotein convertase chymotrypsin 9. aLDL-C ≥ 2.6 mmol/L in those taking statins and LDL-C ≥ 4.9 mmol/L in those not taking statins.
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syndrome Study (CHILLAS) suggests that increasing the dose of statins
by 1–2 times did not further reduce cardiovascular events (Zhao et al.,
2014). Combined with the fact that the tolerance of high-dose statins in
China is poorer than that in Europe and the United States, the use of
high-intensity high-dose statins treatment is not recommended, and as
such it is recommended to start with conventional doses or moderate-
intensity statins.

For statin intolerant individuals, the natural lipid-lowering agent
Xuezhikang (XZK) (Chinese Traditional Medicine) can be used as
initial lipid-lowering therapy. XZK has good safety and has shown
clinical benefit in secondary prevention studies in the Chinese
population (Collaborative Group on Xuezhikang for Secondary
Prevention of Coronary Artery Disease, 2005; Lu et al., 2008; Li
et al., 2010; Venero et al., 2010). When LDL-C targets are not
achieved with statins or XZK, non-statin lipid-lowering agents such
as cholesterol absorption inhibitors (Kim et al., 2022) or
PCSK9 inhibitors (Sabatine et al., 2017; Schwartz et al., 2018) can
be added as a combination. Recent studies in Asian populations have
shown that in patients with ASCVD, moderate-intensity statins
combined with ezetimibe resulted in more participants achieving
LDL-C target and had better tolerability than high-intensity statins,
with a trend towards lower ASCVD events (Kim et al., 2022). This
suggests that moderate-intensity statins combined with non-statin
drugs can replace high-intensity statins with better efficacy and

safety. In ultra-high-risk patients, when baseline LDL-C is high
(LDL-C ≥ 4.9 mmol/L in patients not on statins or LDL-C ≥
2.6 mmol/L in patients on statins) and LDL-C target is not
expected to be achieved with statins combined with cholesterol
absorption inhibitors, direct use of statins combined with
PCSK9 inhibitors may be considered to ensure early and rapid
LDL-C target achievement in patients. Early use of
PCSK9 monoclonal antibodies has been shown to reduce ASCVD
risk earlier and more significantly, with good safety for prolonged
use (≥7 years) (O’Donoghue et al., 2022).

9.4 Interventions for other lipid parameters

Numerous epidemiological studies suggest that elevated TG is
associated with an increased risk of ASCVD. In addition, Mendelian
RCTs also support a causal association of TG with coronary heart
disease. A recent Mendelian randomization study (Ference et al., 2019)
has found that when both LPL, which promotes TG hydrolysis, and
LDLR, which is involved in LDLmetabolism, have genetic variants that
result in the same magnitude of ApoB changes, they have the same
effect on ASCVD risk. This result suggests that the causal association of
TRL and its residual particles with ASCVD is determined by the
amount of ApoB lipoprotein particles.

TABLE 8 Effect of lifestyle on blood lipids.

Lifestyle effects on blood lipids Recommended classification Evidence level

Lower TC and LDL-C

Weight management I A

Increase physical activity IIa B

Lower TG

Reduce alcohol consumption I A

Increase physical activity I A

Weight management I A

Elevate HDL-C

Increase physical activity I A

Weight management I A

Smoking cessation IIa B

TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol.

TABLE 9 Recommendations for lipid-lowering dietary therapy.

Recommendation Recommended
classification

Evidence
level

1. Total fat intake should be limited to 20–25 g per day. Unsaturated fatty acids (vegetable oils) are used instead of
saturated fatty acids (animal oils, palm oil, etc.) (Mozaffarian et al., 2009; Mozaffarian et al., 2010; Clifton and
Keogh, 2017)

IIa A

2. Avoid trans fats (hydrogenated vegetable oils, etc.) (Mozaffarian et al., 2009; Mozaffarian et al., 2010) Ⅲ A

3. Lowering dietary cholesterol intake should be considered in people at moderate risk of ASCVD or above or in
patients with combined hypercholesterolemia (Ginsberg et al., 1994; Ginsberg et al., 1995; Tanasescu et al., 2004;
Djousse et al., 2009; Wang et al., 2022)

IIa B

ASCVD: atherosclerotic cardiovascular disease.
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Elevated TG is closely related to poor lifestyle and diet. Exercise
and diet control can reduce obesity and insulin resistance, thus
effectively lowering TG. Alcohol consumption is a very important
factor in TG elevation, and individuals with elevated TG need to
strictly limit alcohol intake. In addition to limiting the intake of fatty
acids in the diet, special attention should be paid to reducing the
intake of refined carbohydrates and increasing the intake of fiber-
rich low-sugar diet such as whole grain or coarse grains.

Current TG-lowering drugs include niacin analogs, fibrates and
high-purity omega-3 polyunsaturated fatty acids (omega-3 fatty
acids). All three classes of drugs can be used in patients with severe
hypertriglyceridemia to reduce the occurrence of pancreatitis (Table 10).
However, the results of clinical trials of the three classes of drugs for
ASCVD prevention have been inconsistent. The clinical studies of
nicotinic acid analogs were all negative, and they are no longer
recommended as TG-lowering agents for the prevention of ASCVD.
The primary endpoint outcome of the fibrate intervention studies was
neutral, but the results of stratified analyses of single studies or meta-
analyses suggested that for those with baseline TG > 2.3 mmol/L, the
reduction in ASCVD risk in the fibrate treatment group approached
statistical significance (p = 0.057). Pemafibrate, a highly selective
peroxidase proliferator activated receptor α (PPARα) agonist, showed
potent TG reduction. The clinical study Pemafibrate to Reduce
Cardiovascular Outcomes by Reducing Triglycerides in Patients with
Diabetes (PROMINENT) conducted in and mild to moderate TG
elevation at baseline (200–499 mg/dL) and HDL-C ≤40mg/dL
patients with diabetes randomized to placebo or pemafibrate
included patients achieving LDL-C target after statin therapy who
did not show a difference in clinical events between the two groups,
which raises the question of whether TG reduction by fibrates reduces
ASCVD risk (Das Pradhan et al., 2022).

Omega-3 fatty acids refer to fish oil preparations containing
primarily eicosapentaenoic acid (EPA) and/or docosahexaenoic
acid (DHA). Icosapent Ethyl (IPE) is ethylated EPA. The results
of clinical endpoint studies of high-purity omega-3 fatty acids
for TG reduction are highly variable. Reduction of
Cardiovascular Events with Icosapent Ethyl-Intervention Trial
(REDUCE-IT) and the Japan Eicosapentaenoic Acid Lipid
Intervention Study (JELIS) showed that combining high-
purity IPE or EPA with a statin significantly reduced ASCVD
risk (Yokoyama et al., 2007; Bhatt et al., 2019), while studies of
statins combined with high-purity omega-3 fatty acids (EPA +
DHA) showed a trend toward ASCVD reduction only in the
meta-analysis (Hu et al., 2019).

9.5 Monitoring of treatment process

The purpose of monitoring in lipid-lowering therapy are: 1) to
observe whether the lipid-lowering target value is achieved; 2) to
understand the potential adverse effects of drugs. For those who take
non-pharmacological treatment such as diet control, the lipid level
should be reviewed in the first 3–6 months. If the lipid control
reaches the recommended target value, the non-pharmacological
treatment should be continued, but should be reviewed every
6 months to 1 year, whilst the long-term standard can be
reviewed once a year. If individuals are taking lipid-lowering
drugs for the first time, they should review their lipids, liver
enzymes and creatine kinase (CK) within 4–6 weeks of taking the
drug. If the lipid parameters can reach the target value and there are
no adverse drug reactions, gradually change to re-examination every
3–6 months. If the target value of lipid is not reached after
1–3 months of treatment, the dose or type of lipid-lowering
drugs or the combination of lipid-lowering drugs with different
mechanisms should be adjusted promptly. Whenever the type or
dose of lipid-lowering drug is adjusted, it should be reviewed within
4–6 weeks of treatment. Therapeutic lifestyle changes and lipid-
lowering drug therapy must be maintained over time to provide
better clinical benefit.

10 lipid-lowering drug therapy

Key Points.

1. Statins are the cornerstone of lipid-lowering drug therapy for
dyslipidemia.

2. Moderate-intensity statins are the preferred strategy for lipid-
lowering therapy in the Chinese population.

3. Combination of lipid-lowering drugs is the basic trend of
dyslipidemia treatment strategy.

4. Lipid-lowering therapy should be followed up regularly to
observe the efficacy and adverse effects and to adjust the
treatment plan, and the concept of long-term target
achievement should be carefully implemented.

There are many types of lipid-lowering drugs clinically available,
and lipid-lowering drugs usually reduce both cholesterol and other
lipid components. However, according to their main effects, they are
divided into drugs that mainly lower cholesterol and drugs that

TABLE 10 Management of high TG.

Recommendation Recommended
classification

Evidence
level

When TG > 5.6 mmol/L, treatment with fibrates, high-purity omega-3 fatty acids, or niacin may be used to reduce
the risk of pancreatitis (Christian et al., 2012)

I C

High-dose IPE (2 g twice daily) (Yokoyama et al., 2007; Bhatt et al., 2019) should be considered to reduce ASCVD
risk in ASCVD patients and those at high risk of ASCVD who receive moderate doses of statins with TG >
2.3 mmol/L

IIa B

ASCVD patients and those at high risk of ASCVD who receive moderate doses of statins with TG > 2.3 mmol/L
may be given high-purity omega-3 fatty acids (Bhatt et al., 2019; O’Donoghue et al., 2022) or fenofibrate or
benzofibrate to further reduce ASCVD risk (Keech et al., 2005; Accord Study Group et al., 2010)

IIb C

TG: triglycerides; ASCVD: atherosclerotic cardiovascular disease; IPE: icosapent ethyl.
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mainly lower TG. The decision to initiate a combination of lipid-
lowering drugs in clinical practice is usually based on the type of
dyslipidemia, the baseline level, and the target value to be achieved.

10.1 Major cholesterol-lowering drugs

The main mechanism of action of these drugs is to inhibit
cholesterol synthesis in hepatocytes and/or increase LDLR in
hepatocytes, or to reduce cholesterol absorption in the intestine,
or to accelerate LDL catabolism, including statins, cholesterol
absorption inhibitors, PCSK9 inhibitors, probucol, bile acid
chelators, and other lipid-lowering drugs (lipobitol,
polyhexadecanoate).

10.1.1 Statins
Statins, also known as 3hydroxy-3-methylglutaryl coenzyme A

reductase inhibitors, inhibit the cholesterol synthesis rate-limiting
enzyme, 3hydroxy-3-methylglutaryl coenzyme A reductase, to
reduce cholesterol synthesis, while upregulating cell surface LDLR
and accelerating serum LDL catabolism. Therefore, statins can
significantly reduce serum TC, LDL-C and ApoB levels, and
mildly reduce serum TG levels and increase HDL-C levels.

The introduction of statins is a milestone in the history of
ASCVD prevention and treatment in humans. Substantial evidence-
based evidence confirms that statins significantly reduce
cardiovascular events in patients with ASCVD (Scandinavian
Simvastatin Survival Study Group, 1994; Willerson, 1996; Long-
Term Intervention with Pravastatin in Ischaemic Disease Study
Group, 1998; Schwartz et al., 2001; Heart Protection Study
Collaborative Group, 2002; Serruys et al., 2002; Cannon et al.,
2004; de Lemos et al., 2004; LaRosa et al., 2005; Pedersen et al.,
2005; Nissen et al., 2006; Cholesterol Treatment Trialists
Collaboration, 2010), and also have a role in primary prevention
in people at high risk for ASCVD (Shepherd et al., 1995; Downs
et al., 1998; Colhoun et al., 2004). A recent meta-analysis found that
statin therapy reduced all-cause mortality by 9%, myocardial
infarction by 29%, and stroke by 14% (Byrne et al., 2022). In
addition, a recent study found that the application of a moderate
dose statin (rosuvastatin 10 mg/d) in combination with ezetimibe
for the ASCVD population was not inferior to the high-dose statin
group (rosuvastatin 20 mg/d) in reducing cardiovascular events, and
the incidence of adverse events was lower than in the high-dose
statin group (Kim et al., 2022), suggesting the advantages of
combination therapy.

Statins are indicated for the prevention and treatment of
hypercholesterolemia, mixed hyperlipidemia and ASCVD.
Currently, lovastatin, simvastatin, pravastatin, fluvastatin,
atorvastatin, rosuvastatin and pitavastatin are available in clinical
practice in China. There are some differences in the cholesterol-
lowering rate of different types and doses of statins, but the further
reduction of LDL-C is only about 6% when the dose of any statin is
multiplied, which is called the “6% effect of statin efficacy”. Statins
can also reduce TG levels by 7%–30% and increase HDL-C levels by
5%–15%.

The clinical benefit of statin therapy comes primarily from a
reduction in LDL-C levels. An individual assessment of overall
cardiovascular risk and determination of treatment goals needs to

be performed first, and patients are encouraged to participate in
cardiovascular risk management decisions to select a statin regimen
for patients that is expected to achieve LDL-C targets. If the target is
not achieved based on the application of moderate-intensity statins,
then combination therapy (combined with cholesterol absorption
inhibitors and/or PCSK9 inhibitors) is considered. It should also be
emphasized that the clinical status of the patient, the combination of
drugs, drug tolerance and drug cost should be considered when
deciding on the type and dose of statins.

Statins may be taken once daily at any time of day, but LDL-C
reduction may slightly increase when taken at night. Statin
application should be continued long-term after achieving the
desired efficacy and discontinuation should be avoided if
tolerated, with the goal of reducing the patient’s lifetime
exposure to LDL-C. Some studies suggest that discontinuation of
statins has the potential to increase cardiovascular events (Chen
et al., 2007) If adverse effects such as increased liver enzymes occur
after statin application, they can be managed by switching to a statin
of another metabolic pathway, reducing the dose, taking it on
alternate days (Li et al., 2012) or switching to a non-statin or a
combination of a low-dose statin and a non-statin.

The results of the Cholesterol Treatment Investigators
Collaborative Group analysis showed that in populations with
different cardiovascular risk stratification, each 1 mmo1/L
reduction in LDL-C after statin therapy was associated with a
20%–23% reduction in the relative risk of major cardiovascular
events and a 10% reduction in all-cause mortality, while no increase
in deaths from non-cardiovascular causes was seen (Cholesterol
Treatment Trialists Collaboration, 2010). Existing studies have
repeatedly demonstrated that the magnitude of the clinical
benefit of statins in reducing ASCVD events is linearly and
positively correlated with the magnitude of their LDL-C
reduction. The magnitude of LDL-C reduction for different
classes and doses of statins is shown in Table 11.

Although XZK is classified as lipid-lowering Chinese medicine,
its lipid-lowering mechanism is similar to that of statins. It is refined
by adding special red currant to rice bio-fermentation, following the
modern pharmaceutical production quality management standard.
The main ingredients are 13 kinds of natural compound statins,
which are lovastatin and its similar substances without crystal
structure, and contain ergosterol, various trace elements and
flavonoids. The common dose is 0.6g, 2 times/d. China coronary
heart disease secondary prevention study, CCSPS and other clinical
studies (Zhao et al., 2004; Collaborative Group on Xuezhikang for
Secondary Prevention of Coronary Artery Disease, 2005; Lu et al.,
2008; Li et al., 2010) confirmed that these capsules can lower LDL-C
and significantly reduce total mortality, coronary heart disease
mortality, and cardiovascular events in patients with coronary
heart disease with few adverse effects.

Adverse effects of statins are a frequent concern in clinical
practice. The most often reported so far include abnormal liver
function, statin-related muscle complications, new-onset diabetes
mellitus, and other adverse reactions.

Liver enzyme abnormalities are mainly manifested as elevated
transaminases, with an incidence of about 0.5%–3.0% in a dose-
dependent manner (McKenney et al., 2006; Bays et al., 2014). If
liver enzyme abnormalities are considered to be caused by statins,
the clinical management needs to be individualized, for example, if

Frontiers in Pharmacology frontiersin.org16

Li et al. 10.3389/fphar.2023.1190934

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1190934


serum alanine aminotransferase and/or aspartate aminotransferase is
elevated ≥3 times the upper limit of normal (ULN) and combined with
elevated total bilirubin, the dose should be reduced or discontinued as
appropriate. For those whose transaminases are elevated within 3 times
the upper limit of normal, they can be observed on the basis of the
original dose or dose reduction, or they can be switched to another
metabolic pathway of statins, and some patients’ transaminases can be
normalized by this treatment. Loss of compensated cirrhosis and acute
liver failure are contraindications to the use of statins.

Statin-associated muscle complications include myalgia,
myositis, myopathy, and rhabdomyolysis (Maki et al., 2014;
Stroes et al., 2015), with an incidence of 1%–5% (RCT results) or
5%–10% (observational study results), with rhabdomyolysis being
rare. When muscle discomfort and/or weakness occurs during statin
administration with or without CK elevation, other causes of the
above situation should be identified and corrected first. If the clinical
consideration is indeed statin-related muscle symptoms and the CK
is progressively elevated by continuous testing, the statin dose
should be reduced or discontinued, and the symptoms and CK
level should be monitored regularly. When CK < 4×ULN, if there are
no symptoms, consider continuing statin therapy and monitor
closely; if there are symptoms, discontinue statins, monitor
symptoms and CK levels, and consider restarting statins after
symptoms disappear and CK returns to normal, and suggest
switching to another metabolic pathway of statins. When CK >
4×ULN, it is recommended to stop the statin and closely monitor the
symptoms and CK level; if CK > 10×ULN, it is necessary to be alert
to the possibility of rhabdomyolysis, to detect the presence of
hemoglobinuria and renal function impairment, and to
immediately stop the statin and give hydration therapy and
continuously monitor CK to normal level. For these patients it is
recommended to combine drugs or switch to non-statin drugs.

Long-term use of statins has an increased risk of new-onset
diabetes (Bays et al., 2014), with an incidence of about 9%–12%, a

statin effect. Some studies have shown that pitavastatin has a low
probability of causing new-onset diabetes (Vallejo-Vaz et al., 2015).
The overall benefit of statins on ASCVD far outweighs the risk of
new diabetes, and those with indications for statin therapy should
adhere to such medications, whether they are at high risk for
diabetes or diabetic patients.

The meta-analysis by the Cholesterol Treatment Investigators
Collaborative Group of the Stroke Prevention by Aggressive
Reduction in Cholesterol Levels (SPARCL) and Controlled
Rosuvastatin Multinational Trial in Heart Failure (CORONA)
showed a 21% increase in risk of hemorrhagic stroke for every
1 mmol/L reduction in LDL-C (Cholesterol Treatment Trialists
Collaboration, 2010). Other meta-analyses have suggested that
none of the LDL-C decreases significantly increased the risk of
hemorrhagic stroke (Hackam et al., 2011; McKinney and Kostis,
2012). The overall benefits of statins for other stroke subtypes greatly
outweigh the risks (Cholesterol Treatment Trialists Collaboration,
2010; Cholesterol Treatment Trialists Collaborators, 2012), but it
remains to be explored which populations are susceptible to
hemorrhagic stroke during statin therapy.

Other adverse effects of statins include headache, insomnia,
depression, and gastrointestinal symptoms such as dyspepsia,
diarrhea, abdominal pain, and nausea. In addition, the results of
the meta-analysis showed no adverse effects of statins on renal
function (Geng et al., 2014).

During the application of statins, it is necessary to pay attention
to the interactions with other drugs. Statins are mostly metabolized
by cytochrome (CY) P450 (including CYP3A4, CYP2C8, CYP2C9,
CYP2C19, CYP2C6), which is the main metabolizing enzyme in the
liver. When statins metabolized via the CYP3A4 pathway are
combined with immune-suppressant drugs (e.g., cyclosporine,
etc.), antifungal drugs, macrolides, calcium antagonists, other
drugs (including amiodarone, gemfibrozil, etc.), and grapefruit
juice (Wiggins et al., 2016), the risk of myopathy or
rhabdomyolysis may be increased, so high-dose statins should be
avoided and monitored for adverse effects.

Statin intolerance refers to the development of statin-related
clinical adverse reactions and/or laboratory abnormalities after
statin application and is generally defined as the simultaneous
fulfillment of the following 4 conditions: 1) clinical presentation:
subjective symptoms and/or abnormal objective blood tests; 2)
inability to tolerate ≥2 statins, one of which is administered at
the lowest dose; 3) presence of a causal relationship; and 4) exclusion
of other causes (Li J J et al., 2020).

10.1.2 Cholesterol absorption inhibitor
Cholesterol absorption inhibitors, such as ezetimibe and

hyzetimibe inhibit the absorption of dietary and biliary
cholesterol in the intestine by interacting with Niemann-Pick
C1 at the level of the intestinal brush border without affecting
the absorption of fat-soluble nutrients. Studies have demonstrated a
further reduction in LDL-C levels of 18%–20% when ezetimibe is
combined with a statin compared to placebo. The Improved
Reduction of Outcomes Vytorin Efficacy International Trial
(IMPROVE-IT) showed that the addition of ezetimibe to
simvastatin in patients with ACS further reduced cardiovascular
events (Cannon et al., 2015). The study of Heart and Renal
Protection (SHARP) showed that the combination of ezetimibe

TABLE 11 Cholesterol-lowering intensity of statins.

Cholesterol-lowering intensity Drugs and
doses

High intensity (daily dose reduces LDL-C by ≥ 50%) Atorvastatin
40–80 mg

Rosuvastatin 20 mg

Moderate intensity (25%–50% reduction in LDL-C at daily
dose)

Atorvastatin
10–20 mg

Rosuvastatin
5–10 mg

Fluvastatin 80 mg

Lovastatin 40 mg

Pitavastatin 1~4 mg

Pravastatin 40 mg

Simvastatin
20–40 mg

XZK 1.2 g

LDL-C: low-density lipoprotein cholesterol. Atorvastatin 80 mg is inexperienced in China,

please use with caution.
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and simvastatin improved the prognosis of ASCVD in patients with
CKD (Sharp Collaborative Group, 2010). The recommended dose of
ezetimibe is 10 mg/d, which can be taken in the morning or in the
evening and is safe and well tolerated. No dose adjustment is
required in patients with mild hepatic insufficiency or mild to
severe renal insufficiency, and life-threatening hepatic failure is
extremely rare (Phan et al., 2012). Adverse effects are mild and
transient, mainly headache and gastrointestinal symptoms. Adverse
effects such as increased transaminases and myalgia can also occur
in combination with statins and are contraindicated during
pregnancy and lactation.

Another cholesterol absorption inhibitor, hyzetimibe, is a new
class I drug recently marketed in China, and its mechanism of
action, usage and lipid-lowering efficacy are similar to ezetimibe
(Ruan et al., 2014; Chen et al., 2015; Liao et al., 2021).

10.1.3 proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors

PCSK9 is a secreted serine protease synthesized by the liver that
binds to and degrades LDLR, thereby reducing the clearance of
serum LDL-C by LDLR. By inhibiting PCSK9, LDLR degradation
can be prevented, and LDL-C clearance can be promoted. The main
PCSK9 inhibitors that have been marketed are PCSK9 monoclonal
antibodies. Inclisiran, a synthetic, double stranded, small interfering
RNA (SiRna) has been approved for marketing in Europe and the
United States

The mechanism of action of PCSK9 monoclonal antibodies is
based on targeting the PCSK9 protein (Abifadel et al., 2003).
PCSK9 antibodies bind to plasma PCSK9 and reduce the
catabolism of LDLR on the cell surface, thereby reducing
circulating LDL-C levels (Norata et al., 2014). There are currently
two human monoclonal antibodies approved for marketing,
evolocumab and alirocumab.

Studies have confirmed that evolocumab and alirocumab
significantly reduce mean LDL-C levels by 50%–70%. A study
evaluating cardiovascular outcomes of alirocumab for acute
coronary syndromes was completed mainly in East Asian
countries such as China (Alirocumab efficacy and safety vs.
ezetimibe in high cardiovascular risk patients with
hypercholesterolemia and on maximally tolerated statin in
China, India, and Thailand, ODYSSEY EAST) randomized
615 patients with high-risk ASCVD with hyperlipidemia to
treatment with alirocumab or ezetimibe for 6 months, reduced
LDL-C by 56% and 20.3%, respectively (p < 0.0001) (Han et al.,
2020). ODYSSEY EAST Chinese subgroup analysis showed that
at week 24, the proportion of patients achieving LDL-C <
1.81 mmol/L (85.3% versus 42.2%) and <1.42 mmol/L (70.5%
versus 17.0%) was significantly higher in the alirocumab group
than in the ezetimibe group (both p < 0.001) (Han et al., 2022). In
the study completed in China, evolocumab was found to
significantly reduce LDL-C and other atherogenic lipid
components in patients with type 2 diabetes combined with
hyperlipidemia or mixed dyslipidemia treated with
atorvastatin background, with good tolerability and no
significant effect on glycemic indexes (Chen et al., 2019).
Evolocumab and alirocumab are effective in the majority of
patients including HeFH as well as HoFH patients with
residual LDLR function, with those with receptor deficient

HoFH responding poorly to treatment (Thedrez et al., 2018).
Evolocumab reduced TG levels by 26% and increased HDL-C
levels by 9%, with similar effects seen with alirocumab (Robinson
et al., 2015; Stein and Turner, 2017). Both evolocumab and
alirocumab reduced Lp(a) levels by about 30% (Gaudet et al.,
2014; Cao Y X et al., 2019a). “Further Cardiovascular Outcomes
Research With PCSK9 Inhibition in Subjects With Elevated
Risk (FOURIER)” and “Evaluation of Cardiovascular
Outcomes After an Acute Coronary Syndrome During
Treatment With Alirocumab (ODYSSEY OUTCOMES) trial”
suggested a 15% reduction in the relative risk of the
primary cardiovascular event composite endpoint with
PCSK9 monotherapy compared with placebo (Sabatine et al.,
2015; Schwartz et al., 2018).

Evolocumab 140 mg or alirocumab 75 mg administered
subcutaneously once every 2 weeks was safe and well tolerated,
with the most common side effects including injection site
itching and flu-like symptoms (Cicero et al., 2014). The
Evaluating PCSK9 Binding Antibody Effects on Cognitive Health
in High Cardiovascular Risk Subjects Influence on Cognitive Health
in High Cardiovascular Risk Subjects (EBBINGHAUS) trial
(Giugliano et al., 2017) did not find an effect of
PCSK9 monoclonal antibodies on neurocognitive function.

Although the application of PCSK9 monoclonal antibodies
often reduces LDL-C to lower levels in patients, the duration of
application regarding PCSK9 monoclonal antibodies is a clinical
concern. The latest FOURIER-Open label Extension
(FOURIER-OLE) study suggests that ASCVD patients on
evolocumab for up to 8.4 years (median 5 years) with a
median LDL-C level of 0.78 mmol/L had serious adverse
events, muscle-related events, new-onset diabetes mellitus
The incidence of adverse events such as hemorrhagic stroke
and neurocognitive events was similar to that of the placebo
group (O’Donoghue et al., 2022).

Inclisiran is a PCSK9 small interfering RNA, and studies have
shown that its LDL-C reduction rate is comparable to that of
PCSK9 monoclonal antibodies while its effects are longer lasting,
and the efficacy of one injection can be maintained for 6 months
(Fitzgerald et al., 2017), which is an ultra-long-acting
PCSK9 inhibitor. Increasing patient compliance with treatment is
its main advantage. It has been approved for use in primary
hypercholesterolemia patients in Europe and the United States.
ORION-4, a large-scale Phase III international multicenter RCT
of inclisiran with cardiovascular outcomes as the primary endpoint,
is currently underway.

10.1.4 Probucol
Probucol affects lipoprotein metabolism by incorporating into

the core of LDL particles, making LDL easy to be cleared by non-
receptor pathways. The commonly used dose is 0.5g/dose, 2 times/d.
It is mainly indicated for patients with FH, especially HoFH and
Achilles’ tendon xanthomas, and has the effect of reducing
cutaneous xanthomas (Yamashita et al., 2008). Common adverse
reactions are gastrointestinal reactions, which can also cause
dizziness, headache, insomnia, and rash, etc. An extremely rare
serious adverse reaction is QT interval prolongation. Ventricular
arrhythmias, prolonged QT interval, and low potassium are
contraindicated. Currently, it is mainly used in combination with

Frontiers in Pharmacology frontiersin.org18

Li et al. 10.3389/fphar.2023.1190934

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1190934


other lipid-lowering drugs for the treatment of patients with FH to
reduce the occurrence and severity of cutaneous xanthomas.

10.1.5 Bile acid chelators
Bile acid chelators are alkaline anion exchange resins that block

the reabsorption of cholesterol from bile acids in the intestine
(Knapp et al., 2001). Clinical use: cauleenamine 5 g/d, 3 times/d;
cauletipo 5 g/d, 3 times/d; cauleveram 1.875 g/d, 2 times/d.
Combined with statins, it can significantly improve lipid-lowering
efficacy. Common adverse reactions include gastrointestinal
discomfort, constipation, and interference with the absorption of
certain drugs. Absolute contraindications for these drugs are
abnormal β-lipoproteinemia and serum TG > 4.5 mmol/L.

10.1.6 Other lipid-lowering drugs
Zhibitai is a compounded preparation of red currant and

Chinese herbs (hawthorn, zedoary, atractylodes). The commonly
used dose is 0.24–0.48 g/d, 2 times/d, which has cholesterol-lowering
effect (Xu et al., 2010a; Xu et al., 2010b). Adverse effects of this drug
are rare. Polyhexanol is a mixture of eight higher fatty primary
alcohols purified from sugarcane wax, commonly used at doses of
10–20 mg/d, with a weak and slow onset of lipid-lowering action and
rare adverse effects (Hu, 2008; Liu et al., 2012).

10.2 Major triglyceride-lowering drugs

10.2.1 Fibrates
Fibrates reduce serum TG levels and increase HDL-C levels by

activating PPARα and activating LPL (Rubins et al., 1999; Chu et al.,
2002; Keech et al., 2005; Accord Study Group et al., 2010; Jun et al.,
2010). Commonly used fibrates are (with extended-release
formulations): fenofibrate tablets 0.1 g/d, 3 times/d; micronized
fenofibrate 0.2 g/d, 1 time/d; benzofibrate 0.2 g/d, 3 times/d;
benzofibrate extended-release tablets 0.4 g/d, 1 time/d; and
gemfibrozil 0.6 g/d, 2 times/d. Common adverse effects are
similar to those of statins and include liver, muscle, and
nephrotoxicity The incidence of elevated serum CK and alanine
aminotransferase levels were <1%. The results of clinical trials and
meta-analyses suggest that fibrates can significantly lower TG and
increase HDL-C, but the cardiovascular benefit is uncertain, with
only subgroups of patients with elevated TG combined with low
HDL-C suggesting improved cardiovascular prognosis (Keech et al.,
2005; Accord Study Group et al., 2010; Jun et al., 2010).

Pemafibrate is a novel PPARα agonist that modulates PPARα
expression by selectively binding to PPARα receptors, thereby
reducing serum TG levels (Fruchart, 2017). It is used for the
treatment of hypertriglyceridemia in adults. The recommended
dose is 0.1–0.2 mg twice/d. The PROMINENT study, a large
international multicenter RCT of pemafibrate with cardiovascular
outcomes as the primary endpoint, was terminated early due to
futility, presumably related to its concurrent elevation of LDL-C
(12.3%) and ApoB (4.8%) (Das Pradhan et al., 2022).

10.2.2 High purity omega-3 fatty acids
Omega-3 fatty acids reduce serum TG concentrations by

reducing TG synthesis and secretion and TG incorporation
into VLDL and enhancing TG clearance from VLDL particles

(Leaf and Weber, 1988). Studies have shown that omega-3 fatty
acids (4 g/d) reduce TG levels by approximately 20%–30%
and ≥30% in patients with TG of 2.3–5.6 mmol/L
and ≥5.6 mmol/L, respectively (Skulas-Ray et al., 2019), and
omega-3 fatty acid products of different composition have
similar efficacy in reducing TG (Kelley and Adkins, 2012) and
are mainly used for the treatment of hypertriglyceridemia
(Harris, 1996; 1997). Omega −3 fatty acid carboxylic acid
preparations (containing DHA and EPA), and omega-3 fatty
acid ethyl esterified preparations (containing DHA and EPA, and
EPA-only IPE), are approved by the US FDA for use in adult
patients very high TG (≥5.6 mmol/L).

The results of the REDUCE-IT study showed that IPE 4 g/d
further reduced the relative risk of major adverse cardiovascular
events by up to 25% on top of statins (Bhatt et al., 2019). The US
Food and Drug Administration (FDA) has approved IPE for
cardiovascular risk reduction indications and is currently
applying for marketing approval in China. A meta-analysis
suggests that omega-3 fatty acids containing EPA as well as DHA
may also reduce cardiovascular events, but with less benefit than IPE
(Khan et al., 2021). The latest randomized trial Evaluation in
Secondary Prevention Efficacy of Combination Therapy - Statin
and EPA (RESPECT-EPA) suggests that for patients with chronic
stable coronary artery disease, the difference in the reduction of the
primary endpoint-MACE by statins combined with highly purified
EPA (1.8 g/d) was close to statistically significant (p = 0.055), but the
difference in the reduction of the secondary endpoint-compound
risk of coronary events was statistically significant (p = 0.031),
suggesting that EPA has some coronary vascular protective effect
(Nishizaki et al., 2022).

10.2.3 Niacin analogs
Niacin analogs have been shown to lower TC, LDL-C and TG

and raise HDL-C at high doses. The lipid-lowering effects are
associated with inhibition of hormone-sensitive Lipase activity in
adipose tissue, resulting in reduction of free fatty acid entry into the
liver, and reduction of VLDL secretion. The most common adverse
effect is flushing of the face; others include pruritus, rash, liver
damage, hyperuricemia, hyperglycemia, acanthosis, and
gastrointestinal discomfort, and are contraindicated in chronic
active liver disease, active peptic ulcer, and severe gout. 2 large
RCTs (Lavigne and Karas, 2013; Hps Thrive Collaborative Group,
2014) of nicotinic acid analogs (one with extended-release nicotinic
acid analogs and the other with the nicotinic acid analog
galaropilan) did not show cardiovascular benefit, and the adverse
effects were increased.

10.3 New lipid-lowering drugs

Lipid-lowering drugs that act on new targets continue to emerge.
Among them, lomitapide, a microsomal TG transfer protein inhibitor,
and mipomersen, an ApoB100 synthesis inhibitor, were approved by
the US FDA for the treatment of FH as early as 2012 and 2013 (Raal
et al., 2010; Cuchel et al., 2013), but have not yet entered the Chinese
market. In recent years, several new lipid-lowering drugs have been
approved or pending approval for clinical use abroad, but none of them
have yet been marketed in China (Table 12).
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10.3.1 Adenosine triphosphate citrate lyase
inhibitor

Bempedoic acid, an adenosine triphosphate citrate lyase
inhibitor, is also a cholesterol synthesis inhibitor. Clinical trial
data show that bempedoic acid reduces LDL-C by about 30%
when used orally alone, and further reduces LDL-C by 17%–22%
when combined with a statin, and further reduces LDL-C by
28.5% when combined with ezetimibe, for a total reduction of
48%, with good overall safety and tolerability (Goldberg et al.,
2019; Ray et al., 2019). Bempedoic acid alone and a fixed
combination tablet of bempedoic acid/ezetimibe (180/10 mg)
have been marketed overseas for the treatment of patients with
heterozygous FH or ASCVD who do not meet LDL-C targets
(Ballantyne et al., 2018).

10.3.2 Angiopoietin-like 3 inhibitor
Angiopoietin-like 3 is a key protein that regulates VLDL

metabolism by inhibiting LPL activity. Phase II and III clinical trials
with the angiopoietin-like 3 human monoclonal antibody evinacumab
enrolled HoFH patients and showed that evinacumab further reduced
LDL-C by nearly 50% in HoFH patients on top of existing lipid-
lowering therapy (Raal et al., 2020). It is approved in the United States
for use in children ≥12 years of age or adults with HoFH at the
recommended dose of 15 mg/kg IV infusion once every 4 weeks.

10.3.3 Apolipoprotein C3 inhibitor
ApoC3 is a key Apo that regulates CM and VLDLmetabolism by

inhibiting LPL and hepatic lipase activity. Phase III clinical trial data
for ApoC3 2nd generation antisense oligonucleotide volanesorsen

TABLE 12 New lipid-lowering drugs AND Combined application of lipid-lowering drugs.

New lipid-lowering drugs

Name Lipid lowering target Main lipid-lowering mechanism Indication (or proposed approval)

Lomitapide Microsomal triglyceride transfer protein Reduce VLDL production ≥18 years old HoFH

Mipomersen ApoB100 Reduce VLDL production ≥12 years old HoFH

Bempedoic acid ATP citrate lyase Facilitate VLDL and LDL metabolism HeFH, ASCVD

Evinacumab Angiopoietin-like 3 Facilitate VLDL and LDL metabolism ≥12 years old HoFH

Volanesorsen ApoC3 Facilitate CM and VLDL metabolism ≥18 years old FCS

Pelacarsen Apo(a) Reduce Lp(a) generation ASCVD with increased Lp(a)

Combined application of lipid-lowering drugs

Joint strategya Applicable situation Rate of lipid reduction or MACE Safety concerns

Statin + cholesterol
absorption inhibitor

LDL-C does not meet the standard with single
drug

LDL-C 50%–60% Routine monitoring

Statin + PCSK9
monoclonal
antibody

LDL-C does not meet the standard with single
drug

LDL-C ≈75% Routine monitoring

Statin + cholesterol
absorption inhibitor
+ PCSK9
monoclonal
antibody

LDL-C does not meet the standard with single
drug

LDL-C ≈85% Routine monitoring

Statin + high purity
IPE 4 g/d

LDL-C meets the standard, TG
2.3–5.7 mmol/L

25% reduction in MACE risk Atrial fibrillation, bleeding

Statin + fenofibrate
or omega-3 fatty
acids

LDL-C meets the standard, TG
2.3–5.7 mmol/L

Reduction in MACE risk Renal function, atrial fibrillation, bleeding

Fibrates + omega-3
fatty acid

TG ≥ 5.7 mmol/L with single drug TG 60.8%–71.3% Routine monitoring

Fibrates + niacin
analogs

TG ≥ 5.7 mmol/L with single drug Lack of data Routine monitoring

Omega-3 fatty acid
+ niacin analogs

Fibrates intolerance and TG ≥ 5.7 mmol/L
with single drug

TG>33% Routine monitoring

aStatin in the combination strategy refers to medium-intensity statins (see Table 10 for specific types and doses), and “omega-3, fatty acids” refer to medical prescription grade at 4 g/d.

Apo: apolipoprotein; ATP: adenosine triphosphate; VLDL: very low-density lipoprotein; LDL: low-density lipoprotein; CM: chylomicron; Lp(a): lipoprotein(a); HoFH: homozygous familial

hypercholesterolemia; HeFH: heterozygous familial hypercholesterolemia; ASCVD: atherosclerotic cardiovascular disease; FCS: familial chylomicronemia syndrome; PCSK9: preprotein

convertase chymotrypsin 9; IPE: icosapent ethyl; LDL-C: low-density lipoprotein cholesterol. TG: triglycerides; MACE: major adverse cardiovascular events.
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showed a TG reduction of up to 77% but was not approved by the US
FDA due to a 48.5% reduction in platelet count (<100,000/mL). It
was approved for marketing by the EuropeanMedicines Agency, but
only for the treatment of adult patients with familial
chylomicronemia syndrome in whom diet and other lipid-
lowering drugs were not effective (Witztum et al., 2019).

10.3.4 New Lipoprotein(a)-lowering drugs
New Lp(a)-lowering drugs include Apo(a) antisense

oligonucleotide (pelacarsen) and Apo(a) small interfering RNA
(SLN360), both of which have shown significant Lp(a) reduction up
to 98% in Phase I clinical trials (Nissen et al., 2022). Pelacarsen’s Phase II
trial included 286 patients with ASCVD with Lp(a) ≥ 60 mg/dL and
confirmed its clear Lp(a) lowering efficacy and good safety profile
(Tsimikas et al., 2020). HORIZON, a large-scale, international,
multicenter clinical study, to assess the impact of lipoprotein(a)
lowering with pelacarsen on major cardiovascular events in patients
with known cardiovascular disease is currently underway.

10.4 Combinations of lipid-lowering drugs

The combination application of lipid-lowering drugs is an
important trend in dyslipidemia intervention strategies, with the
main aim of improving lipid target rates, further reducing
cardiovascular risk, and reducing the incidence of adverse effects
of lipid-lowering drugs. The main combination application options
currently available are as follows (Table 12).

10.4.1 Combination of lipid-lowering drugs to
reduce cardiovascular risk
10.4.1.1 Statins in combination with cholesterol absorption
inhibitors

These two classes of drugs affect the synthesis and absorption of
cholesterol separately and can produce good synergistic effects. The
RCT meta-analysis showed that the combination of ezetimibe with
different types of statins resulted in a further decrease in LDL-C by
15%–23% compared to statins alone, and the combination of
ezetimibe with medium-to high-intensity statins resulted in an
LDL-C decrease of >50% without increasing the adverse effects
of statins (Morrone et al., 2012; Masana et al., 2015). The
IMPROVE-IT and SHARP studies showed that the combination
of statins and ezetimibe in patients with ACS and CKD, respectively,
significantly reduced cardiovascular events (Sharp Collaborative
Group, 2010; Cannon et al., 2015). Hybutimibe/hyzetimibe is a
cholesterol absorption inhibitor developed in China, and data of the
Chinese population show that hybutimibe/hyzetimibe 10 mg/d day
alone can reduce LDL-C by about 15% (compared to placebo) (Qi
et al., 2022b), and 20 mg/d combined with statins further reduces
LDL-C by about 16% compared to statins alone, with good safety
and tolerability (Qi et al., 2022a).

10.4.1.2 Statins in combination with PCSK9 inhibitors
PCSK9 inhibitors increase plasma LDL clearance by reducing

LDLR degradation and increasing LDLR quantity, complementing
and synergizing with statins and cholesterol uptake inhibitors in
terms of lipid-lowering mechanisms. The results of the FOURIER
study and the ODYSSEY OUTCOMES study showed that the

combination of evolocumab with statins ( ± ezetimibe) further
reduced LDL-C by up to 59% and the combination of
alirocumab reduced LDL-C by 55%, both of which significantly
reduced the relative risk of MACE by 15% (Sabatine et al., 2017;
Schwartz et al., 2018). This combination strategy resulted in rapid
LDL-C target achievement, good overall safety and tolerability, and
strong evidence of cardiovascular benefit.

10.4.1.3 Statin in combination with high purity IPE
The results of the REDUCE-IT study showed that the

combination of high-purity IPE 4 g/d significantly reduced the
relative risk of MACE by up to 25% in ASCVD patients with
mild-to-moderate TG elevation or in diabetic patients with at
least 1 cardiovascular risk factor who were already on statin
therapy with LDL-C at target (Bhatt et al., 2019). Therefore, this
combination can be used to further reduce ASCVD risk in patients
with LDL-C <2.6 mmol/L after statin therapy but with mild-to-
moderate elevations in TG, and its regimen does not increase the
respective adverse effects overall. However, there is some risk of
bleeding and new-onset atrial fibrillation with EPA 4 g/d, as well as
increased caloric intake in diabetic and obese patients, and the
choice of this regimen should be weighed on an individual basis.

10.4.1.4 Others
Lipid-lowering traditional Chinese medicine combined with

statins or ezetimibe: Chinese single and multicenter RCTs as well
as RCT meta-analyses showed that the LDL-C-lowering efficacy of
statins combined with Zhibitai was comparable to that of high-dose
statins alone, with better safety (Zhao et al., 2017; Xu et al., 2018; Li
M et al., 2020); Chinese small-scale clinical trials confirmed the
effectiveness and safety of the LDL-C-lowering combination of XZK
and ezetimibe (Guo et al., 2021).

Statins in combination with fibrates or high-purity omega-3 fatty
acids: The cardiovascular benefit of statins in combination with fibrates
or high-purity omega-3 fatty acids (containing EPA and DHA) is
controversial. The Action to Control Cardiovascular Risk in Diabetes
(ACCORD) subgroup study suggests that the combination of
fenofibrate may further reduce cardiovascular risk in diabetic
patients treated with statin therapy who basically meet LDL-C target
but have TG > 2.3 mmol/L and HDL-C < 0.9 mmol/L (p = 0.057)
(Accord StudyGroup et al., 2010; Elam et al., 2017). However, the newly
published PROMINENT study failed to confirm a further benefit of
statin in combination with pemafibrate in a similar population (Das
Pradhan et al., 2022). In addition, the safety of combining statins with
fenofibrate in the Chinese population is acceptable, but the safety of
longer-term combinations remains to be further validated (Ren et al.,
2005; Zhao et al., 2016). The risk of myopathy is relatively high with the
combination of gemfibrozil and statins, and it is recommended to avoid
the combination of the two as much as possible.

10.4.2 Combination of lipid-lowering drugs in
severe hypertriglyceridemia

When TG is severely elevated (≥5.6 mmol/L) and TG levels are
not well controlled by lifestyle and single lipid-lowering drugs, a
combination of two or more between fibrates, high-dose (2–4 g/d)
high-purity omega-3 fatty acids, and niacin analogs may be used
(Roth et al., 2009; Shearer et al., 2012). The combination of high-
purity omega-3 fatty acids and niacin basically does not further
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increase the risk of hepatic and renal safety of fibrates alone.
Common adverse effects include gastrointestinal reactions,
bleeding, atrial fibrillation (positively correlated with the applied
dose of omega-3 fatty acids), and facial flushing (correlated with
niacin).

11 Other measures for lipid-lowering
treatment

Key points.
Lipoprotein apheresis, liver transplantation, partial ileal bypass

surgery and portal vein bypass are used as adjuvant therapeutic
measures in patients with FH. The results of lipoprotein plasma
replacement are positive.

11.1 Lipoprotein apheresis

Lipoprotein apheresis (LA) is an important adjuvant therapy for
patients with FH, especially HoFH, and can reduce LDL-C levels by
55%–70% (Cuchel et al., 2014; Zhao et al., 2022). UK and German
guidelines recommend LA for patients with progressive coronary artery
disease with Lp(a) > 150 nmol/L (Heigl et al., 2015; Cegla et al., 2019).
Long-term treatment may result in regression of cutaneous xanthomas.
The optimal frequency of treatment is once a week, but every 2 weeks is
commonly used. LA can still be applied during pregnancy. However, as
the treatment is expensive, time-consuming and with risk of infection,
application of this treatment is limited in clinical use, especially in
China. Adverse effects include hypotension, abdominal pain, nausea,
hypocalcemia, iron deficiency anemia, and anaphylactic reactions, but
the incidence is low.

11.2 Liver transplantation and surgery

Liver transplantation can result in significant improvement in
LDL-C levels and is advocated before cardiovascular involvement to
avoid cardiovascular complications. Although liver transplantation
alone or combined with heart transplantation is a successful treatment
strategy, it is rarely used clinically because of the high number of post-
transplant complications and mortality, lack of donors, and the need
for lifelong immunosuppressive drugs. Previously reported partial
ileal bypass surgery and portal vein bypass can also be applied in the
treatment of patients with very severe HoFH, but few existing
guidelines or consensus recommend it (Harada-Shiba et al., 2018a).

12 Lipid management for specific
populations

Key points.

Specific populations are patients with certain coexisting diseases (e.g.,
hypertension, diabetes, CKD, stroke), special physiological states
(pregnancy), children, elderly people of advanced age, and special
lipid metabolism abnormalities (familial hypercholesterolemia).
Their lipid metabolism status and response to drug therapy are

somewhat specific, so a more individualized lipid management
strategy is needed.

12.1 Hypertension

Hypertension is an important risk factor for atherosclerosis, and
both endothelial cell dysfunction and intimal thickening in arteries
with hypertension can accelerate the development of atherosclerosis.
There are three studies that specifically address the primary
prevention of hypertension. The Anglo-Scandinavian Cardiac
Outcomes Trial - Lipid Lowering Arm (ASCOT-LLA) included
hypertensive patients with a high risk of coronary heart disease,
and compared with placebo, atorvastatin reduced ASCVD endpoint
events by 35%, and mean LDL-C was reduced to 2.2 mmol/L in the
treatment group (Sever et al., 2003). The Heart Outcomes
Prevention Evaluation (HOPE)-3 study enrolled hypertensive
patients at moderate risk for ASCVD and compared to placebo,
rosuvastatin reduced ASCVD endpoint events by 24% and the mean
LDL-C was reduced to 2.4 mmol/L in the treatment group (Yusuf
et al., 2016a; Yusuf et al., 2016b). The lipid-lowering trial component
of the Antihypertensive and Lipid-Lowering Trial to Prevent Heart
Attack Trial (ALLHAT-LLT) included patients with moderate
hypertension combined with hypercholesterolemia, and compared
with placebo, pravastatin failed to significantly reduce the risk of
ASCVD, with a 17% reduction in LDL-C in the treatment group and
a mean of 3.1 mmol/L (ALLHAT Officers and Coordinators for the
ALLHAT Collaborative Research Group, and the Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial, 2002).
Most secondary prevention study populations with statins alone or
in combination with non-statin lipid-lowering drugs contained
varying proportions of hypertensive patients, and they all
benefited significantly from intensive lipid lowering. Therefore,
the presence or absence of hypertension is specifically listed
when performing a population ASCVD risk assessment
(Figure 1) to emphasize the importance of lipid management in
patients with hypertension. The corresponding LDL-C target values
for hypertensive individuals should be determined according to risk
stratification and treated with cholesterol-lowering therapy
(Hypertensive Group of Chinese Society of Cardiology of
Chinese Medical Association and Editorial Board of Chinese
Journal of Cardiology, 2021).

12.2 Diabetes

Diabetes is an important independent risk factor for ASCVD, and
some studies suggest that dyslipidemia has the greatest impact on
ASCVD risk in diabetic patients. Dyslipidemia in diabetic patients is
characterized by elevated TG, reduced HDL-C, and normal or mildly
elevated LDL-C. However, their LDL particles have small and dense
characteristics, which have stronger atherogenic effects. Diabetes
combined with high TG reveals an elevated proportion of TRL
cholesterol, and the use of LDL-C as a lipid-lowering target at this
timemay underestimate the patient’s ASCVD risk, whereas non-HDL-C
contains both LDL-C and TRL cholesterol, which can better reflect the
patient’s atherogenic lipoprotein profile. Therefore, both LDL-C and
non-HDL-C are recommended as lipid-lowering targets in diabetic
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patients. Patients ≥40 years of age with diabetes (especially “Long
Duration” ≥10 years for type 2 diabetes mellitus) are considered high
risk, and type 1 diabetes duration ≥20 years can be considered high risk.
In addition, Albuminuria ≥30 mcg of albumin/mg creatinine,
Retinopathy, Neuropathy, and ABI <0.9, may indicate important
organ damage. While diabetic patients <40 years of age should have
ASCVD risk determined in combination with other ASCVD factors
(hypertension, smoking, HDL-C) and/or target organ damage; patients
should also be considered high risk for ASCVD if they have ≥3 risk
factors or combined target organ damage. For diabetic patients with
moderate or low risk of ASCVD, all should control LDL-C below
2.6 mmol/L (Supplementary Table S4) (Cholesterol Treatment Trialists
Collaborators, 2008).

Numerous studies of primary and secondary lipid-lowering
interventions for prevention have shown that statins significantly
reduce the risk of ASCVD in patients with diabetes. Studies of statins
combined with cholesterol absorption inhibitors or/and
PCSK9 monoclonal antibodies have shown that ASCVD patients
with comorbid diabetes benefit more from intensive lipid lowering.
The results of studies with statin-based combinations of fibrates
were neutral overall, but a subgroup with combined elevated TG and
reduced HDL-C could benefit from fenofibrate therapy. The results
of intervention studies of statins combined with high-purity omega-
3 fatty acids on ASCVD risk in diabetic patients were inconsistent,
with 4 g IPE daily significantly reducing ASCVD risk (Bhatt et al.,
2019). Therefore, it is recommended that patients at high risk of
diabetes choose statins as the basic lipid-lowering therapy, and if
LDL-C is not achieved, a combination of cholesterol absorption
inhibitor or PCSK9 inhibitor is required (Cannon et al., 2015;
Sabatine et al., 2017). If the LDL-C standard is met and TG is
still increased or non-HDL-C is not met, the combination of high-
purity IPE, omega-3 fatty acids or fibrates is considered (Keech et al.,
2005; Accord Study Group et al., 2010; Bhatt et al., 2019).

12.3 Chronic kidney disease

The risk of death is significantly higher in CVD patients with
combined CKD. Patients with CKD stage 3–5 are directly classified
as high risk for ASCVD. These patients are further characterized by
a significant increase in TG, a decrease in HDL-C and a significant
increase in sdLDL particles. Patients with CKD have significantly
higher Lp(a) levels due to the effect on Lp(a) metabolism. However,
the reduction of ASCVD risk by statin therapy was affected by the
patients’ renal function status. In patients with mild to moderate
renal insufficiency, statin therapy significantly reduced their CVD
risk (Baigent et al., 2011; Cholesterol Treatment Trialists
Collaboration, 2016). However, in patients with severe renal
insufficiency, two studies of statin interventions in patients with
severe CKD treated with dialysis failed to show an effect
(Supplementary Table S4) (Wanner et al., 2005; Fellstrom et al.,
2009).

12.4 Stroke

In secondary prevention of ischemic stroke, statins are
associated with a 12% reduction in the risk of stroke recurrence

for every 1 mmol/L reduction in LDL-C, as well as a reduction in the
risk of myocardial infarction and cardiovascular death (Amarenco
et al., 2006). A statin meta-analysis showed a 21.1% reduction in the
risk of stroke for every 1 mmol/L reduction in LDL-C (Amarenco
and Labreuche, 2009). A stratified analysis of the IMPROVE-IT
study showed that in ACS patients with a combined history of
stroke, combining cholesterol absorption inhibitor based on statins
significantly reduced the risk of ischemic stroke recurrence by 48%
and the risk of all types of stroke recurrence by 40% compared with
statins alone (Bohula et al., 2017b). In the FOURIER study and the
ODYSSEY-OUTCOMES study, evolocumab and alirocumab
reduced the risk of stroke by 25% and 27%, respectively, in
ASCVD patients compared with the control groups (Sabatine
et al., 2017; Schwartz et al., 2018).

There is disagreement about the relationship between lipid-
lowering therapy and cerebral hemorrhage; in the SPARCL study in
patients with ischemic stroke, 80 mg atorvastatin treatment
significantly reduced fatal or non-fatal stroke by 16%, but with a
mildly increased risk of cerebral hemorrhage. Overall, the benefits of
LDL-C reduction far outweighed the harms of potential
hemorrhagic stroke (Supplementary Table S5) (Amarenco et al.,
2006; Amarenco and Labreuche, 2009).

12.5 Elderly people aged 75 and above

There is limited evidence for statins in elderly patients
aged ≥75 years. The Prospective Study of Pravastatin in the
Elderly at Risk (PROSPER) was conducted in elderly patients
aged 70–82 years, 50% of whom were at high risk for ASCVD
and 50% had ASCVD. The results showed a significant 15%
reduction in MACE events in the pravastatin 40 mg group
compared to placebo, providing partial evidence for primary
prevention with statins in older patients (Shepherd et al., 2002).
A recent meta-analysis of 28 statin studies showed that all 4 age
groups, ≥75 years and <75 years, benefited from statin therapy, but
there was a downward trend in the benefit in the older age group
(70–75 years, ≥75 years) without concomitant ASCVD (Cholesterol
Treatment Trialists Collaboration, 2019). A stratified analysis of the
IMPROVE-IT study showed that in older patients with ACS aged
75 years and older, statin combined with ezetimibe had a 20% lower
risk of cardiovascular events than statins alone (Bach et al., 2019).
The age range of patients enrolled in the two secondary prevention
studies of PCSK9 inhibitors was 40–80 years (Sabatine et al., 2017)
and ≥18 years (Schwartz et al., 2018), respectively, both of which
included those ≥75 years, and a stratified analysis in the FOURIER
study showed that those ≥69 years benefited from lipid-lowering
therapy with PCSK9 monoclonal antibodies in consistent with
those <69 years (Sever et al., 2021). Overall, this evidence
suggests that ASCVD patients ≥75 years of age can be treated
with the same lipid-lowering principles as patients <75 years of age.

A primary prevention study of ezetimibe in elder
patients ≥75 years of age (Ezetimibe Lipid-Lowering Trial on
Prevention of Atherosclerotic Cardiovascular Disease in 75 or
Older, EWTOPIA 75) showed that patients ≥75 years of age
without coronary artery disease taking 10 mg of ezetimibe
significantly reduced the risk of sudden cardiac death, myocardial
infarction, coronary revascularization, and stroke by 34%. This
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supports ezetimibe as a safe and effective primary prevention of
ASCVD in the elderly (Ouchi et al., 2019).

Special attention is paid to the elderly aged ≥75 years who
often suffer from a variety of chronic diseases and need to take a
variety of drugs, drug interactions and adverse reactions should
be aware. Most of the senior patients have different degrees of
hepatic and renal decompensation, and the selection of lipid-
lowering drug dose needs to be individualized. The starting dose
should not be too high, and the dose of lipid-lowering drugs
should be adjusted according to the treatment effect. The liver
and kidney function and CK should also be monitored. For
primary prevention of ASCVD in elderly people
aged ≥75 years, in addition to considering the risk of ASCVD
development, it is also necessary to assess the functional status,
cognitive status, co-morbidities, multiple drug use and other
geriatric syndrome characteristics, and more individualized
selection is needed to achieve the lifelong benefit goal of
extending healthy life expectancy and shortening disability
life. Because there is no RCT of statin treatment targets in
elderly patients, no specific recommendation is made for statin
treatment targets in elderly patients (Supplementary Table S5).

Results from a new multicenter observational study of acute
myocardial infarction in elderly Chinese (≥80 years) (Liu et al.,
2022) showed that patients with baseline LDL-C levels <70 mg/dL
did not provide further cardiovascular benefit compared with
patients with LDL-C ≥70 mg/dL, and there was a trend toward
increased primary endpoint events during follow-up, suggesting that
the optimal intervention cut point for LDL-C in elderly patients
needs further study.

12.6 Pregnancy

Pregnancy leads to physiologic elevation of lipids, with LDL-C
rising between 40% and 50% in healthy pregnant women and TG
tending to rise around 14 weeks of gestation. The effects of
hyperlipidemia on pregnancy are related to the composition and
severity of the elevated lipids. The harms associated with
hypercholesterolemia arise slowly, but severe hypertriglyceridemia
can lead to acute pancreatitis and maternal mortality of up to 20%
(Jacobson et al., 2015b; Mehta et al., 2020).

For lipid management in pregnancy the focus is on screening.
The drug options are very limited. Statins are not usually
recommended for patients with hypercholesterolemia and there is
no evidence for cholesterol absorption inhibitors or
PCSK9 inhibitors. Bile acid sequestrants may be considered for
patients with combined ACS in pregnancy, and LA therapy may be
considered for familial hypercholesterolemia combined with
ASCVD. High purity omega-3 fatty acids may be considered for
patients with severe hypertriglyceridemia (>5.6 mmol/L). For severe
hypertriglyceridemia, fibrates may be used with caution. LA therapy
may be considered for patients with combined pancreatitis
(Jacobson et al., 2015b; Mehta et al., 2020).

Data on statins causing fetal malformations are mainly from
animal studies and case reports, with most of the case reports being
about fat-soluble statins. Two recent randomized controlled studies
of pravastatin and cohort studies did not find an increased risk of
birth defects with statin therapy (Costantine et al., 2021; Dobert

et al., 2021; Yang et al., 2022). A meta-analysis has suggested that
statins do not increase the risk of birth defects but are associated
with an increased risk of spontaneous abortion (Vahedian-Azimi
et al., 2021a; Vahedian-Azimi et al., 2021b). Therefore, on 20 July
2021, the US FDA ordered the removal of the “pregnancy category
X″ label for statins (category X is prohibited) based on new data on
the safety of statins during pregnancy (Mauricio and Khera, 2022).
However, patients who are pregnant with high or very high-risk
features for ASCVD, such as FH or previous acute coronary events,
may choose statins with caution based on a multidisciplinary
consultation and a full assessment of the pros and cons.

12.7 Children and adolescents

The incidence of dyslipidemia in children and adolescents in
China is on the rise, with detection rates as high as 20.3%–28.5% due
to changes in dietary patterns, reduced physical activity, and poor
lifestyles brought about by economic and social development. There
is a lack of unified standards for dyslipidemia in children and
adolescents, and according to the standards for dyslipidemia in
children in the United States (Elkins et al., 2019), national standards
for screening and defining dyslipidemia in children and adolescents
in China have been proposed (The Editorial Board of Chinese
Journal of Pediatrics et al., 2009; The Subspecialty Group of Rare
Diseases et al., 2022).

12.7.1 Blood lipid screening
Lipid screening is recommended for children and adolescents

with the following conditions.

1) Myocardial infarction, angina pectoris, stroke, CABG, stent
placement, angioplasty, sudden death in a first- or second-
degree relative <65 years of age in females or <55 years of age
in males;

2) Parent with TC ≥ 6.2 mmol/L or known history of lipid
abnormalities;

3) Having cutaneous xanthomas or tendon xanthomas or lipid
corneal arches;

4) Having diabetes, hypertension, obesity (2–8 years) or overweight
(12–16 years) or smoking behavior; dyslipidemia genetic
screening should be performed for subjects with suspected FH.

12.7.2 Dyslipidemia criteria
Chinese reference standards (The Subspecialty Group of Rare

Diseases et al., 2022) for lipid screening and dyslipidemia in children
and adolescents are shown in Supplementary Table S6 (Harada-
Shiba et al., 2018b; Raal et al., 2018; Ishigaki et al., 2019; Lee et al.,
2019; Luirink et al., 2019; Ramaswami et al., 2019; Vuorio et al.,
2019; Di Taranto et al., 2021; The Medical Letter, 2021; Watts et al.,
2021; Zhao et al., 2021).

12.7.3 Dyslipidemia intervention
In children with dyslipidemia, lifestyle including exercise and

diet is the cornerstone of dyslipidemia treatment. No less than 1 h of
moderate to vigorous exercise per day and no more than 2 h of
sedentary time per day are recommended. Dietary intervention
plays an important role for the treatment of dyslipidemia in
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children and adolescents, where mild to moderate dyslipidemia can
be normalized, even in HoFH. Dietary intervention should improve
dyslipidemia, while ensuring adequate nutritional intake without
affecting growth and development. Pharmacological treatment can
refer to the relevant consensus (The Subspecialty Group of Rare
Diseases et al., 2022). Those with suspected FH refer to the FH
section.

12.8 Familial hypercholesterolemia

The main clinical features of FH are significantly elevated
plasma LDL-C levels, early onset coronary artery disease, and
both have familial aggregation. The more commonly used
international clinical diagnostic criteria for adult HeFH include
the Dutch Lipid Clinical Network criteria and the British Simon
Broome criteria. China’s FH screening and diagnosis can be based
on the Chinese FH expert consensus criteria (Figure 2)
(Atherosclerosis and Coronary Heart Disease Group of the
Chinese Society of Cardiology of Chinese Medical Association
and Editorial Board of Chinese Journal of Cardiology, 2018) or
the simplified Chinese FH criteria derived from the national FH
cohort, which have similar sensitivity and specificity to the Simon
Broome criteria and the Dutch Lipid Clinical Network criteria (Cao
Y.X et al., 2019b). Early detection and diagnosis for early initiation
and lifelong adherence to cholesterol-lowering therapy are
fundamental therapeutic measures to prevent cardiovascular
complications in patients with FH (Supplementary Table S6). It
is worth pointing out that genetic diagnosis of FH can be expanded
with genetic tests for lysosomal acid lipase, signal transducing
adaptor protein 1, ApoE, ABCG5 and ABCG8 in addition to
routine LDLR, ApoB, PCSK9 and LDLRAP1 genetic tests, which
can help in diagnosis and differential diagnosis (Cao et al., 2018; Cao
et al., 2021).

13 Joint Committee on the 2023
Chinese guideline for lipid
management
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Chinese Society of Cardiology, Chinese Society of Endocrinology,
Chinese Diabetes Society, Chinese Society of Laboratory Medicine,
Chinese Stroke Association.

13.2 Guideline revision steering committee
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University School of Medicine), Dalong Zhu (Nanjing Drum

Tower Hospotal, the Affiliated Hospital of Nanjing University
Medical School, Chairman of Chinese Diabetes Society), Yun
Zhang (Qilu Hospital of Shandong University), Jiajun Zhao
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of Endocrinology), Dayi Hu (Peking University People’s
Hospital), Weiping Jia (Shanghai Sixth People’s Hospital),
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FuWai Hospital, Chinese Academy of Medical Sciences),
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FIGURE 2
Screening and clinical diagnosis process of FH. ASCVD: atherosclerotic cardiovascular disease; LDL-C: low-density lipoprotein cholesterol; FH:
familial hypercholesterolemia. “Early onset” refers to age of diagnosis < 55 years for men and < 65 years for women).
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