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Abstract: Background: The low diagnosis and treatment rates of familial hypercholesterolemia (FH) have become a 
global issue. This study aims to explore the correlation between early-onset coronary artery disease (CAD) and FH 
in the Hakka population in Meizhou, Guangdong. Methods: Clinical data of Hakka patients with early-onset CAD, 
admitted to the Meizhou People’s Hospital from January 2023 to January 2024 were retrospectively analyzed. The 
patients were categorized into an FH group and a non-FH group. Biochemical indicators, lipid levels, echocardio-
graphic parameters, clinical phenotypes, and genetic typing of early-onset CAD patients in the Hakka population 
were analyzed for their correlation with FH. Results: A total of 167 Hakka patients with early-onset CAD were in-
cluded, among whom 22 patients had FH. The FH group showed lower triglyceride (TG) level [1.785 (1.40, 2.10) vs. 
2.090 (1.80, 2.30), P = 0.002] and higher levels of total cholesterol (TC) [6.635 (5.60, 7.10) vs. 4.830 (4.00, 5.40), 
P<0.001], low-density lipoprotein cholesterol (LDL-C) [4.440 (3.90, 5.20) vs. 2.820 (2.40, 3.30), P<0.001], and 
apolipoprotein B (Apo B) [1.600 (1.30, 1.80) vs. 0.910 (0.70, 1.10), P<0.001]. FH was correlated with TG, TC, LDL-C 
and Apo B levels (r1 = -0.235; r2 = 0.441; r3 = 0.483; r4 = 0.538). TG is a risk factor while TC, LDL-C and Apo B are 
protective factors for FH. Conclusion: The incidence of FH is relatively high among early-onset CAD patients in the 
Hakka population in Meizhou. TG, TC, LDL-C, and Apo B levels are valuable in aiding clinical differential diagnosis of 
CAD patients with FH.
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Introduction

Familial hypercholesterolemia (FH) is caused 
by abnormal lipoprotein metabolism, resulting 
in a lifelong elevation of low-density lipoprotein 
cholesterol (LDL-C) levels and the deposition  
of cholesterol in the plasma [1]. This leads to 
characteristic clinical features such as yellow-
ish skin or tendon xanthomas and is often 
associated with valvular regurgitation, which is 
an autosomal dominant inherited disease [2].  
A previous study suggested that homozygous 
FH (HoFH) is rare, with an incidence rate of 1 in 
160,000 to 1 million, while the more common 
heterozygous type (HeFH) has an incidence 
rate of 1 in 250 to 500 [3]. Its significant famil-
ial clustering characteristics markedly increase 
the risk of atherosclerotic cardiovascular dis-

ease (ASCVD), posing a serious threat to public 
health [4].

Clinically, the accumulation of LDL-C is consid-
ered the initiating factor of atherosclerosis (AS), 
and lipid metabolism disorder forms the patho-
logical basis of AS, which is closely associated 
with the occurrence and development of early-
onset coronary artery disease (CAD) [5]. Studies 
have found that male FH patients have a 50% 
higher risk of developing CAD before the age of 
50 compared to the general population, while 
female patients have a 60% higher risk before 
the age of 30 [6, 7]. Furthermore, HoFH patients 
show a trend towards a younger onset of the 
disease, with the potential to develop CAD 
before the age of 20, and a significantly lower 
survival rate after the age of 30 [8]. In a study 
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involving 1093 myocardial infarction patients 
under 35 years old, using the domestic applica-
tion of Dutch Lipid Clinic Network (DLCN) scor-
ing for FH detection revealed a high detection 
rate of 6.5% [9]. The younger population is 
more likely to carry FH mutation genes, and 
their mortality rate is significantly higher com-
pared to the elderly [10]. Therefore, conducting 
genetic testing for FH in early-onset CAD 
patients is of great significance for early identi-
fication, accurate diagnosis, prevention, and 
treatment in clinical practice.

Currently, FH is still a major medical challenge 
due to low diagnosis and treatment rates world-
wide [11]. There is limited research on the 
detection rate and clinical characteristics of FH 
based on Chinese data [12]. Moreover, there is 
a lack of studies on the detection and treat-
ment status of FH in the Hakka population, 
which has a relatively unique genetic back-
ground [13]. Therefore, this retrospective study 
aims to explore the incidence, clinical pheno-
types, and genetic typing of FH in early-onset 
CAD patients in the Hakka population in 
Meizhou, Guangdong to reveal the relationship 
between early-onset coronary artery disease 
and familial hypercholesterolemia in this po- 
pulation.

Materials and methods

General information

The clinical data of 167 Hakka patients with 
early-onset CAD admitted to the Meizhou Peo- 
ple’s Hospital from January 2023 to January 
2024 were retrospectively analyzed in this 
study. General patient information, including 
gender, age, BMI, blood pressure, smoking his-
tory, past medical history, and family medical 
history, were collected. This study was approv- 
ed by the Medical Ethics Committee of Meizhou 
People’s Hospital. The study flow chart is shown 
in Figure 1.

Inclusion criteria: (1) Patients diagnosed with 
early-onset CAD according to the relevant 
guidelines [14]; (2) Self-confirmed history of 
myocardial infarction or previous coronary ar- 
tery bypass grafting, or percutaneous coronary 
intervention; (3) Confirmation of at least one 
major coronary artery stenosis exceeding 50% 
by coronary CT or coronary angiography; (4) 

Coronary artery stenosis less than 50%, clini-
cally diagnosed with coronary atherosclerosis, 
but with clinical symptoms, changes in electro-
cardiogram, and elevated blood levels of Car- 
diac Troponin; (5) Ancestral settlement in the 
Hakka population in the Meizhou area for at 
least three generations; (6) Onset of CAD; (7) 
Male ≤55 years, female ≤65 years; (8) Plasma 
LDL-C ≥3.4 mmol/L, or LDL-C <3.4 mmol/L 
after taking statins or other medical drugs.

Exclusion criteria: (1) Severe heart failure or 
arrhythmia; (2) Coexisting immune system  
diseases or other infectious diseases; (3) 
Coexisting coagulation abnormalities or se- 
vere hematologic diseases; (4) Coexisting sig-
nificant organ dysfunction of the liver, kidneys, 
or multiple organ failure; (5) Coexisting thyroid 
dysfunction; (6) Women during pregnancy or 
lactation; (7) Missing clinical data or blood 
sample.

FH diagnostic criteria

Clinical diagnosis of FH was based on the 
“Expert Consensus on the Screening, Diag- 
nosis, and Treatment of Familial Hyperchole- 
sterolemia in China”: 1) Serum LDL-C level ≥4.7 
mmol/L in patients not receiving lipid-lowering 
drug therapy; 2) Presence of xanthoma or ten-
don xanthoma, or the presence of corneal 
arcus in individuals <45 years old; 3) Family 
history of FH or early-onset ASCVD, especially 
early-onset CAD.

Laboratory tests

The study subjects fasted for 8-12 hours over-
night before blood collection. The next morning, 
5 mL of peripheral venous blood was collected 
using biochemical collection tubes. Samples 
were centrifuged at 3000 r/min for 10 minutes 
using a Beckman Coulter automatic biochemi-
cal analyzer, and the serum was separated  
and stored at -80°C for testing. Biochemical 
parameters including fasting plasma glucose 
(FPG), uric acid (UA), creatinine (Cr), urea nitro-
gen (UN), and B-type natriuretic peptide, as well 
as lipid parameters including LDL-C, total cho-
lesterol (TC), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-C), apolipoprotein 
A1 (Apo A1), and apolipoprotein B (Apo B),  
were measured using a fully automated bio-
chemical production line.
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Genetic sequencing

Similar to the laboratory tests, the study sub-
jects fasted for 8-12 hours overnight before 
blood collection. 4 mL of peripheral venous 
blood was collected using ethylene diamine  
tetraacetic acid (EDTA) anticoagulant tubes. 
Samples were processed using the same cen-
trifugation method and stored at -80°C until 
examination. Blood samples were sent to 
Guangzhou Huayin Medical Testing Center for 
targeted gene sequencing using second-ge- 
neration high-throughput sequencing technolo-
gy (next-generation sequencing, NGS) (Thermo 

Fisher Scientific Inc.), which covers all exons of 
known FH-related genes.

Echocardiography examination

Left ventricular end-diastolic dimension (LVd) 
and left ventricular ejection fractions (LVEF) 
were measured using the GE Voluson E10 ultra-
sound imaging system.

Observation indicators

The primary outcomes were the FH incidence 
rate, clinical phenotypes, and genetic typing in 
all early-onset CAD patients. The secondary 

Figure 1. Flow chart of study.
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outcomes included differences in biochemical 
parameters, lipid indicators, and echocardio-
graphic indicators between the FH group and 
non-FH group.

Statistical analysis

Data analysis was conducted using IBM SPSS 
Statistics for Windows, version 27.0 (IBM Corp., 
Armonk, N.Y., USA). Frequency data were pre-
sented as n (%), and the chi-square test was 
employed. Normally distributed measurement 
data were presented as (mean ± SD) and ana-
lyzed using the t-test, while non-normally dis-
tributed data were presented as the median 
and interquartile range [M (P25, P75)] and  
analyzed using Kruskal-Wallis test. A P values 
less than 0.05 was considered statistically 
significant.

Results

Incidence rate, clinical phenotypes, and ge-
netic typing of FH

The incidence rate, clinical phenotypes, and 
genetic typing of FH provide precise genetic 
information for early diagnosis and prevention 
of the disease. This study included a total of 
167 early-onset CAD Hakka patients, among 
whom 22 patients developed FH, resulting in 
an FH incidence rate of 13.17%. Only 1 FH 
patient had a homozygous type, accounting for 
4.55%, while 21 patients had a heterozygous 
type, accounting for 95.45%. The main gene 
mutation was in the low-density lipoprotein 

Comparison of general data between the HF 
and non-HF group

There were no significant differences in the 
clinical data (including gender, age, BMI, blood 
pressure, smoking history, past medical histo-
ry, family medical history) between the two 
groups (all P>0.05) (Table 2).

Comparison of biochemical parameters be-
tween the HF and non-HF group

Biochemical parameters are important indica-
tors for assessing the risk, severity, and prog-
nosis of coronary artery disease. FPG is a pre-
dictive risk factor for coronary artery disease, 
Cr levels are closely associated with the devel-
opment of kidney disease, UN is an indirect 
indicator of renal impairment, UA is an indepen-
dent risk factor for predicting coronary artery 
disease, and B-type natriuretic peptide is one 
of the indicators for clinical diagnosis and 
screening of myocardial disease and heart fail-
ure. As shown in Table 3, there were no differ-
ences in FPG, Cr, UN, UA, and B-type natriuretic 
peptide levels between the two groups (all 
P>0.05), indicating no significant changes in 
blood sugar, renal function levels, and other 
biochemical indicators between the two groups.

Comparison of lipid parameters between the 
HF and non-HF group

Lipid parameters are key indicators for assess-
ing cardiovascular disease and risk. TG is a 
commonly used indicator for assessing the risk 

Table 1. Clinical phenotype and genotyping of FH

Indicator Number 
of Cases

Proportion 
(%)

Clinical Phenotype Homozygous 1 4.55
Heterozygous 21 95.45

Genotyping LDL-R Gene Variation 13 54.17
Apo B Gene Variation 4 16.67
PCSK9 Gene Variation 2 8.33
ABCG5 Gene Variation 1 4.17
ABCC6 Gene Variation 2 8.33
ABCA1 Gene Variation 1 4.17
LRP6 Gene Variation 1 4.17

LDL-R: Low-Density Lipoprotein Receptor; Apo B: Apolipoprotein B; PCSK9: 
Proprotein Convertase Subtilisin/Kexin 9; ABCG5: ATP-Binding Cassette 
Transporter G5; ABCC6: ATP Binding Cassette Subfamily C Member 6; 
ABCA1: ATP-Binding Cassette Transporter A1; LRP6: Low-Density Lipopro-
tein Receptor-Related Protein 6.

receptor (LDL-R) gene, accounting for 
54.17%, followed by Apo B gene muta-
tion, accounting for 16.67%. Muta- 
tions in the Proprotein Convertase 
Subtilisin/Kexin Type 9 (PCSK9) gene, 
adenosine triphosphate-binding cas-
sette transporter G5 (ABCG5) gene, 
ATP binding cassette subfamily C 
member 6 (ABCC6) gene, ATP-binding 
cassette transporter A1 (ABCA1) ge- 
ne, and Low-density lipoprotein rece- 
ptor-related protein 6 (LRP6) gene 
accounted for 8.33%, 4.17%, 8.33%, 
4.17%, and 4.17%, respectively. The 
study results indicate a high incidence 
rate of FH, mostly in the heterozygous 
type, with mutations in LDL-R and Apo 
B genes being the most common 
(Table 1).
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of cardiovascular disease such as atheroscle-
rosis and CAD. LDL-C levels are closely related 
to cardiovascular disease, HDL-C is a protec- 
tive factor for cardiovascular disease, and Apo 
A1 and Apo B can reflect lipid metabolism well. 
As shown in Figure 2, compared to the non-FH 
group, the FH group exhibited lower TG levels 
[1.785 (1.40, 2.10) mmol/L vs. 2.090 (1.80, 
2.30) mmol/L, P = 0.002], higher TC levels 
[6.635 (5.60, 7.10) mmol/L vs. 4.830 (4.00, 
5.40) mmol/L, P<0.001], higher LDL-C levels 
[4.440 (3.90, 5.20) mmol/L vs. 2.820 (2.40, 
3.30) mmol/L, P<0.001], and higher Apo B lev-
els [1.600 (1.30, 1.80) g/L vs. 0.910 (0.70, 
1.10) g/L, P<0.001]. There were no differences 
in HDL-C and Apo A levels between the two 
groups (all P>0.05).

Comparison of echocardiographic parameters 
between the HF and non-HF group

Echocardiographic parameters are important 
for assessing the cardiac structure and func-

tion. LVd quantifies left ventricular volume, 
while LVEF is a key indicator for assessing left 
ventricular systolic function. As shown in Table 
4, there were no differences in LVd and LVEF 
between the two groups (all P>0.05). The 
results indicate no significant changes in cardi-
ac structure and systolic function between the 
HF and non-HF group. See Figures 3, 4.

Correlation between FH and TG, TC, LDL-C, and 
Apo B levels

The correlation between FH and TG, TC, LDL-C, 
and Apo B levels can provide important evi-
dence for the differential diagnosis of FH and 
hold potential value in assessing cardiovascu-
lar disease risk. As shown in Table 5 and Fig- 
ure 5, there were correlations between FH and 
TG, TC, LDL-C, and Apo B levels (r1 = -0.235; r2 
= 0.441; r3 = 0.483; r4 = 0.538). The study 
results indicate that TG levels were negatively 
correlated with FH, while TC, LDL-C, and Apo B 
levels were positively correlated with FH.

Table 2. Comparison of demographic data between the FH and non-FH group

Clinical Data Number 
of Cases FH Group (n = 22) Non-FH Group  

(n = 145) x2/t/Z P

Gender Male 92 10 82 0.951 0.330

Female 75 12 63

Age (years) - 50.50±7.20 52.77±6.87 1.435 0.153

BMI (kg/m2) - 24.270 (22.60, 27.60) 24.900 (23.30, 26.90) -0.054 0.957

Blood Pressure Systolic (mmHg) - 126.73±16.34 134.19±23.20 1.453 0.148

Diastolic (mmHg) - 79.18±11.64 82.68±16.84 0.941 0.349

Smoking History 50 4 46 1.670 0.196

Past Medical History Hypertension 83 5 78 7.295 0.399

Diabetes 42 4 38

Coronary Heart Disease 16 2 14

Acute Myocardial Infarction 2 1 1

Cerebrovascular Accident (Stroke) 8 0 8

Gout 2 0 2

Renal Insufficiency/Failure 3 0 3

Carotid Artery Stenosis 1 0 1

Family History Coronary Heart Disease 24 5 19 0.982 0.612

Myocardial Infarction 10 1 9

Stroke 3 1 2

Table 3. Comparison of biochemical parameters between the FH and non-FH group

Group FPG (mmol/L) Cr (umol/L) UN (mmol/L) UA (umol/L) B-type Natriuretic 
Peptide (pg/ml)

FH Group (n = 22) 6.74±1.89 84.82±22.69 5.81±1.09 412.61±58.96 198.24±29.16
Non-FH Group (n = 145) 6.21±2.17 90.98±26.74 5.53±1.21 384.47±67.15 203.05±25.47
t 1.084 1.025 1.024 1.859 0.810
P 0.280 0.307 0.308 0.065 0.419
FPG: Fasting Plasma Glucose; Cr: Blood Creatinine; UN: Blood Urea Nitrogen; UA: Urinary Acid.



Coronary artery disease and familial hypercholesterolemia

4569	 Am J Transl Res 2024;16(9):4564-4576

Figure 2. Comparison of blood lipid parameters and apolipoprotein between the FH and non-FH group. A. TG: Triglyc-
erides; B. TC: Total Cholesterol; C. LDL-C: Low-Density Lipoprotein Cholesterol; D. HDL-C: High-Density Lipoprotein 
Cholesterol; E. Apo A1: Apolipoprotein A1; F. Apo B: Apolipoprotein B. **P<0.01, ***P<0.001, ns: no significant 
difference.
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Logistic regression analysis

As shown in Table 6, the OR values for TC (OR = 
0.893, 95% CI: 0.322-1.323; P<0.001), LDL-C 
(OR = 0.642, 95% CI: 0.081-0.968; P<0.001), 
and Apo B (OR = 0.699, 95% CI: 0.045-1.574; 
P<0.001) were all less than 1, indicating their 
protective effect on the risk of developing FH. 
The OR value of TG (OR = 2.104, 95% CI: 1.024-
2.392; P = 0.001) was greater than 1, highlight-
ing their role in increasing the risk of FH. These 

results underscore the significant influence of 
lipid status on FH and confirm that these lipid 
parameters are independent influencing fac-
tors for the development of FH.

Discussion

Atherosclerosis (AS) serves as the main patho-
logical basis for coronary artery disease (CAD), 
cerebrovascular accidents, and peripheral vas-
cular diseases [15]. Familial hypercholesterol-

Table 4. Comparison of echocardiographic parameters between the FH and non-FH group
Group LVd (mm) LVEF (%)
FH Group (n = 22) 47.000 (42.00, 49.00) 62.000 (57.00, 65.00)
Non-FH Group (n = 145) 46.000 (43.00, 50.50) 61.000 (57.50, 64.00)
Z -0.187 -0.396
P 0.851 0.692
LVd: left ventricular end-diastolic diameter; LVEF: Left ventricular ejection fraction.

Figure 3. Ultrasound reveals complete IVS and no PE in the case of IAS. A. Tissue Doppler imaging: Mitral annular 
septal tissue movement velocity: S’: 65 mm/s, E’: 74 mm/s, A’: 72 mm/s. B. Left atrial enlargement, MV focal 
thickening, ventricular septal thickening, suggesting AS as the cause, MI (moderate); TI (mild); AI (mild). C. The left 
ventricular systolic function is normal, and the diastolic function is normal. IVS: inter ventricular septum; IAS: atrial 
septum; AS: aortic stenosis; MI: mitral insufficiency; TI: tricuspid incompetence; AI: aortic incompetence.
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emia (FH), characterized by significantly elevat-
ed levels of TC and LDL-C, can prompt early-
onset AS and consequently accelerate the 
occurrence of early-onset CAD [16]. The trend 
towards a younger age at CAD onset is a signifi-
cant characteristic threatening public health 
[17]. Conducting genetic testing for early-onset 
CAD patients is of paramount importance in the 
early detection and pharmaceutical treatment 
of FH to prevent the onset and progression of 
CAD [18]. Several studies have suggested that 

the Hakka population in Meizhou has rela- 
tively unique genetic characteristics [19, 20]. 
However, there have been no reports on the 
correlations of epidemiological characteristics 
and FH in early-onset CAD patients of Hakka 
population. Therefore, considering the limita-
tions of genetic diagnostic applications, explor-
ing the correlation between early-onset coro-
nary artery disease and FH in the Hakka popu-
lation of Meizhou, Guangdong, can effectively 
fill the research gap in the epidemiological 
characteristics and the diagnosis and treat-
ment of early-onset CAD patients with FH.

This study revealed that among the 167 includ-
ed early-onset CAD Hakka patients, 22 patients 
had FH, resulting in an FH incidence rate of 
13.17%, with only 1 case being homozygous for 
FH and 21 cases being heterozygous for FH, 
mainly with LDL-R gene mutations. A meta-
analysis involving 11 million participants in 
2020 indicated that the incidence rate of FH  
in the general population was approximately 
0.32%, around 0.19% in the Asian region, and 

Figure 4. Ultrasound reveals complete IVS, no PEMV thickening, reverse movement of bimodal, and the anterior 
and posterior lobes with normal opening as well as normal AV thickness and opening in the case of IAS. A. Tissue 
Doppler imaging: Tissue Doppler imaging: Mitral annulus septal lateral tissue motion velocity: S: 102 mm/s, E: 88 
mm/s, A: 110 mm/s. B. Consider conforming to ultrasound changes in coronary heart disease. C. Left heart enlarge-
ment; MI (moderate), TI (mild), decreased left ventricular systolic function and decreased diastolic function. IVS: 
inter ventricular septum; IAS: atrial septum; AS: aortic stenosis; MI: mitral insufficiency; TI: tricuspid incompetence; 
AI: aortic incompetence.

Table 5. Correlation between FH and levels of 
TG, TC, LDL-C, and Apo B

Indicator
FH

r P
TG -0.235 <0.001
TC 0.441 <0.001
LDL-C 0.483 <0.001
Apo B 0.538 <0.001
TG: Triglycerides; TC: Total Cholesterol; LDL-C: Low-Densi-
ty Lipoprotein Cholesterol; Apo B: Apolipoprotein B.
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the incidence rate of FH in CAD patients was 
approximately 3.2%, which increased to 6.7% in 
early-onset CAD patients, lower than the find-
ings of this study [21]. Another survey indicated 
that among 285 CAD patients with LDL-C levels 
≥160 mg/dL, the prevalence of FH was as high 
as 14.4%, exceeding the results of this study, 
and FH mutation carriers were more likely to 
have early-onset CAD [22]. Genetic mutations 
are important factors in the pathogenesis of 
FH. Loss-of-function mutations in the LDL-R 
gene, Apo B gene mutations, and gain-of-func-

tion mutations in the PCSK9 gene are closely 
associated with FH, leading to impairment of 
low-density lipoprotein (LDL) receptor function, 
Apo B defects, impaired binding of LDL to 
receptors, and PCSK9 gain-of-function muta-
tions causing LDL receptor degradation, exac-
erbating the early onset of AS and showing  
high expression levels [23, 24]. Meizhou is 
located in the northeastern mountainous 
region of Guangdong, with a concentration of 
Hakka population and relatively low population 
mobility, resulting in fewer introductions of for-

Figure 5. Correlation between FH and TG, TC, LDL-C and Apo B levels. A. TG: Triglycerides; B. TC: Total Cholesterol; C. 
LDL-C: Low-Density Lipoprotein Cholesterol; D. Apo B: Apolipoprotein B.

Table 6. Logistic regression analysis
Indicator S.E. Wald OR 95% CI P
TG 0.699 3.232 2.104 1.024-2.392 0.001
TC 0.273 4.884 0.893 0.322-1.323 <0.001
LDL-C 0.495 5.308 0.642 0.081-0.968 <0.001
Apo B 1.653 5.076 0.699 0.045-1.574 <0.001
TG: Triglycerides; TC: Total Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol; Apo B: Apolipoprotein B.
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eign genes in rural areas [25]. The genetic 
background is relatively homogeneous, leading 
to a relatively high incidence of FH in the Hakka 
population [26]. The clinical phenotypes and 
mutation genotypes detected in the FH cases 
are consistent with the reported pathogenic 
gene types of FH both domestically and abroad 
[27]. However, there are still some FH patients 
with undetectable genetic mutation sites and 
unclear clinical relevance, necessitating fur-
ther improvement of genetic mutation detec-
tion technology to provide more accurate diag-
nostic evidence for clinical practice.

The FH group exhibited lower TG levels and 
higher levels of TC, LDL-C, and Apo B than the 
non-FH group. Furthermore, TG levels were 
inversely correlated with FH, while TC, LDL-C, 
and Apo B levels were positively associated 
with FH. These variations in levels hold signifi-
cant value in clinically predicting the risk of 
developing FH in CAD patients. Previous study 
proposed that lipids, as a category of organic 
macromolecules in the body, may be involved in 
the biological mechanisms of various diseases, 
potentially affecting endothelial cells and influ-
encing the production, release, and biological 
functions of nitric oxide, thus triggering AS  
[28]. It may also exacerbate smooth muscle cell 
hypertrophy, collagen deposition, renal capil-
lary injury, sympathetic nervous system hyper-
activity, and insulin resistance, thereby acceler-
ating AS progression [29]. Research suggests 
that TG expression levels are closely related to 
lipid disorders, where high TC levels and low TG 
levels of lipoprotein remnants can penetrate 
the arterial intima, selectively binding to the 
connective tissue matrix such as collagen and 
elastin, and be cleared by subendothelial resi-
dent macrophages, inducing endothelial dys-
function, promoting foam cell and plaque for-
mation, and accelerating AS disease progres-
sion [30, 31]. Multiple studies have established 
a close association between LDL-C and the 
occurrence and development of AS and car- 
diovascular disease (CVD) [32, 33]. LDL-C can 
transport TC from peripheral tissues to the  
liver circulation, inhibit the expression of endo-
thelial adhesion molecules and the recruitment 
of monocytes within arterial walls, exerting 
antioxidant effects, suppressing vascular in- 
flammation and thrombosis while regulating 
vascular function [34]. However, high levels of 

LDL-C may impair cardiovascular endothelial 
function and be engulfed by subendothelial 
macrophages, forming oxidized low-density 
lipoprotein and depositing it in vessel walls to 
cause stenosis and thereby inducing the onset 
of cardiovascular diseases [35]. It has been 
found that increased levels of Apo-B in plasma 
are directly related to the development of CAD 
[36]. Besides, Apo-B may not only be a better 
predictor of risk but also a better monitor of 
therapy than LDL-C alone [37].

In several clinical conditions, a series of lipid 
markers such as TC, LDL-c, HDL-c, and non-
HDL-c have been utilized in predicting the risk 
of CVD. In addition, non-HDL-c and HDL-c can 
predict the severity of coronary artery lesions. 
Non-HDL-c indicates total cholesterol within all 
the apolipoprotein B (Apo B) particles, including 
LDL-c and remnant cholesterol. For FH patients 
with abnormal blood lipids and accompanying 
cardiovascular metabolic risk factors, the risk 
assessment role of the single protein molecule 
Apo B is superior to TC and LDL-C, making it an 
ideal indicator for assessing CAD risk in FH 
patients. It is deemed to hold important value 
in predicting clinical prognosis, similar to the 
results of this study. Furthermore, it has been 
found that the Apo B/Apo A1 ratio can serve as 
a risk marker for predicting cardiovascular dis-
eases [38]. The concentration of Apo B is an 
intuitive indicator reflecting AS risk, whereas 
the expression level of Apo A in serum repre-
sents its potential in resisting AS. The higher 
the Apo B/Apo A1 ratio, the greater the risk of 
AS occurrence. In addition, this study found no 
significant differences in biochemical indicator 
levels and echocardiography results between 
FH patients and non-FH patients, including 
fasting plasma glucose (FPG), uric acid (UA), 
creatinine (Cr), urea nitrogen (UN), B-type natri-
uretic peptide, high-density lipoprotein choles-
terol (HDL-C), apolipoprotein A1 (Apo A1), left 
ventricular end-diastolic dimension (LVd), and 
left ventricular ejection fraction (LVEF). This 
suggests that the occurrence of FH in early-
onset CAD patients is not significantly correlat-
ed with blood sugar, renal function, HDL-C, Apo 
A1 levels, cardiac structure, or left ventricular 
systolic function. Genetic pathogenic mutation 
detection is the gold standard for diagnosing 
FH, but whole-genome sequencing and whole-
exome sequencing are expensive, time-con-
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suming, and not yet widely practiced in clinical 
settings domestically [39]. In contrast, lipid 
testing is more cost-effective and simpler, and 
the combined use of commonly used lipid indi-
cators such as TC, TG, LDL-C, in conjunction 
with Apo B and the Apo B/Apo A1 ratio, holds 
promise as an ideal indicator for differentiating 
and diagnosing FH in early-onset CAD patients.

The present study has several limitations. We 
only included early-onset CAD patients from 
the Hakka population in the Meizhou region, 
which limits the geographical scope and uni- 
queness of the genetic background of the sam-
ples. Additionally, as this was a retrospective 
study, it was unable to completely eliminate 
potential confounding factors and information 
bias. Therefore, we made efforts to ensure the 
completeness and diversity of the patient data 
collection to ensure comparability between the 
two groups. When choosing the observational 
indicators and interpreting the research re- 
sults, we also considered the relevant indica-
tors and the aforementioned limitations in the 
evaluation of the research results to ensure  
the objectivity of the conclusions. Despite 
these limitations, this study effectively fills the 
gap in the epidemiological characteristics of  
FH in early-onset CAD patients in the Hakka 
population in Meizhou, Guangdong. The aim 
was to explore the correlation between early-
onset CAD and FH with the goal of providing 
early diagnosis and prevention strategies for 
clinical practice.

Conclusion

The incidence of FH is higher in early-onset  
CAD patients in the Hakka population in 
Meizhou, with heterozygous and LDL-R gene 
variations being predominant. FH patients 
showed decreased TG levels and increased TC, 
LDL-C, and Apo B levels, and these parameters 
were correlated with FH, demonstrating their 
potential value in clinically differentiating and 
diagnosing FH in CAD patients. This study pro-
vides a theoretical basis for the early screening 
and diagnosis of FH among early-onset CAD 
patients in the Hakka population in Meizhou, 
Guangdong. Subsequent efforts should focus 
on conducting large-sample, multicenter, ran-
domized controlled trials to further validate the 
effectiveness of this research approach.
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