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Abstract
(1) Background: Studies have suggested that age and the serum total cholesterol (TC) concentration are
independent risk factors for cardiovascular disease (CVD) in patients with familial hypercholesterolemia
(FH); however, the relationship between age and TC in patients with FH is unclear. We aimed to
investigate the correlation between age and TC in patients with FH.

(2) Methods: In this retrospective, controlled not matched analysis, a total of 103 patients with FH and
106 non-FH controls were recruited into the study from 2004 to 2017. Spearman and partial correlation
analyses, as well as multiple regression analyses, were used to evaluate the relationship between TC and
age.

(3) Results: There were no signi�cant differences in age, gender, or BMI between the FH group and the
control group (p > 0.05). Family history of CVD, TC, low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), lipoprotein (a) (Lp(a)) and non-HDL-C levels were signi�cantly
higher in patients with FH compared to the control (p < 0.01). Additionally, the serum TC levels for ages ≥
50 years were signi�cantly higher than those for ages < 50 years (p < 0.05) in FH patients. In both
Spearman and partial correlation analyses, age was found to be signi�cantly correlated with serum TC (p
< 0.001) in the FH group but not in the control group, which was con�rmed by further multiple linear
regression analyses and logistic regression analyses.

(4) Conclusions: Age is an independent factor in�uencing serum TC level in patients with FH, and it is
necessary to conduct early screening and early intervention.

1. Introduction
Familial hypercholesterolemia (FH) is an autosomal, co-dominant disorder caused by mutations in the
low-density lipoprotein receptor gene, which causes the dysmetabolism of circulating, low-density
lipoprotein cholesterol (LDL-C), thus maintaining it at a high level [1, 2]. Hypercholesterolemia is known to
cause atherosclerotic plaque formation in blood vessel walls, which puts patients with
hypercholesterolemia at high risk of atherosclerotic disease (ASCVD), including coronary heart disease
(CHD). The prevalence of the disease in patients with heterozygous FH is estimated to be 1 in 300 to 1 in
500. Based on this estimate, approximately 10 million people worldwide have FH, which is characterized
by severe elevated serum cholesterol (TC) levels and xanthoma [3, 4]. A survey of the current situation of
FH in China shows that the prevalence of FH in the Chinese population is similar to that in other
countries; however, FH is mainly found in patients with early-onset CHD in China, which is characterized
by poor control of lipid levels and a higher risk of cardiovascular disease (CVD) [5].

The longer patients survive with extremely high levels of LDL-C due to being born with defective LDL
receptors, the higher their risks of developing CVD will be. Therefore, many studies have emphasized the
importance of the early identi�cation of FH for the early prevention of CVD [6-9]. So far, some large cohort
studies have identi�ed age and other factors as independent risk factors for CVD in FH patients, and
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some existing formulas for predicting the risk of CVD events in FH patients, such as Montreal-FH-SCORE
(MFHS), Framingham risk score (FRS), SAFEHEART risk equation, etc., have been combined with clinical
variables including age [10-13]. Thus, it can be seen that age is an independent risk factor for CVD in FH
patients.

Although age is a risk factor for CVD in patients with FH, we suspect that this is determined by the
association between age and lipid levels—that is, with increasing age, the levels of some serum lipids
(mainly TC, LDL-C, non-high-density lipoprotein cholesterol (non-HDL-C), etc.) also increase, which leads
to a higher risk of CVD events. Recently, Schienkiewitz A et al. published a study on the association
between age and serum lipid levels in children and adolescents[14], while the association between age
and serum lipid levels in FH families remains unclear. Thus, we conducted a case–control study to
provide additional insights into the relationship between age and serum cholesterol in patients with FH to
support the early recognition and early treatment of FH.

2. Materials And Methods

2.1. Study population
The FH study samples were initially screened from the database of the project "Hyperlipidemia Family
Blood Sample Collection and Clinical and Genetic Epidemiology research", which belongs to the Chinese
“National High Technology Research and Development Program” (“863 Project”). Then, according to the
diagnostic criteria of the Dutch Lipid Clinic Network (DLCN) [15], patients with a score of 6 or more
(namely, the de�nite FH or probable FH samples) were included in the study. Since 2020, we conducted
this study after accessing to information that could identify individual participants during or after data
collection. 

The following is a brief introduction to the "Hyperlipidemia Family Blood Sample Collection and Clinical
and Genetic Epidemiology research": The screened individuals had visited the outpatient Lipid Clinic from
the First Hospital of Lanzhou University from 2004 to 2017. Based on their fasting blood lipid levels, they
were invited to be examined again along with their �rst-degree relatives on an arranged date. On this
arranged date, the following were performed and recorded: serum lipid level and other biochemical
detections, a medical physical check-up, and a face-to-face questionnaire survey. The signed informed
consent of each patient was also obtained. A subject was recruited into the program if they met two of
the following three criteria: 1) At least two members in their pedigree had dyslipidemia as de�ned by the
American National Cholesterol Education Program (NCEP ATP III) [16], which means that their TC levels ≥
6.20 mmol/L and/or LDL-C levels ≥ 4.10 mmol/L, with no secondary cause; 2) at least two generations in
their pedigree were affected; 3) at least one hypercholesterolemic member in their pedigree was affected
and their onset age was ≤ 50 years. 

In addition, 106 samples were selected from the project database for the control group as the database
also included data from normal families who participated in the health examination. Patients in the
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control group ranged in age from 18 to 85 years and did not have severe liver, kidney, or heart
dysfunction; thyroid disease; systemic in�ammation; or malignant tumors.

Sample size calculation of linear correlation analysis was shown in Formula 1. And in current study, the
bilateral α = 0.05, u0.05/2 = 1.96; β = 0.1, u0.1 = 1.282.

Note: in the formula, n is the minimum sample size required, uα and uβ are u values corresponding to test
level α and type   error probability β, respectively, and r is an estimate of the overall correlation
coe�cient. 

2.2. Clinical assessment
Body mass index (BMI) is the weight (kg) of a person divided by the square of their height (m2). A family
history of CHD is considered if a �rst-degree relative (males < 55 yrs; females < 60 yrs) has a history of
CHD. In our study, CHD was diagnosed by the presence of at least 50% obstructive stenosis of any of the
main coronary arteries by coronary angiography. Xanthoma included tendinous xanthoma (which could
be located the back of the �ngers, elbows, knees, or elsewhere and also included the thickening of the
Achilles tendon) and tuberous xanthoma, as well as rash and �at xanthoma. A repeated measurement of
fasting blood glucose (FBG) level ≥ 7.0 mmol/L or hypoglycemic treatment was identi�ed as diabetes
mellitus (DM). Hypertension (HT) was de�ned as systolic blood pressure (SBP) ≥ 140 mmHg or diastolic
blood pressure (DBP) ≥ 90 mmHg measured at least twice, or as taking anti-hypertensive drugs. Mean
arterial pressure (MAP) was calculated by (SBP + 2*DBP)/3. Patients who had smoked regularly for the
past 3 months were considered current smokers, and those who had quit smoking and had not smoked
for more than 1 year were considered non-smokers. Those who drank every month or had drank for more
than six months were considered current drinkers. In this study, lipid-regulating drugs mainly included
statins and some proprietary Chinese medicines, such as Zhibituo, Gynostemma, and Ginkgo biloba.

2.3. Laboratory determination
After fasting for 8 to 12 hours, blood was collected from the cubital vein in the morning of the following
day. After centrifugation at 3000 rpm at 4 °C for 10 minutes, serum was collected and stored at −80 °C for
detection. Serum lipid and other biochemical items including TC, LDL-C, high-density lipoprotein
cholesterol (HDL-C), triglyceride (TG), and FBG were measured by an automatic biochemical analyzer
(Beckman Coulter, Brea, CA, USA). Serum concentrations of TC, HDL-C, LDL-C, and TG were determined by
enzyme colorimetry, and the levels of apolipoprotein A1 (apoA1), apolipoprotein B (apoB), and lipoprotein
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(a) (Lp(a)) were determined by immunoturbidimetry according to the manufacturer’s speci�cations. The
value of non-HDL-C was obtained by subtracting the value of HDL-C from the value of TC.

2.4. Statistical analysis
Data were analyzed using SPSS version 20 (SPSS, Inc., Chicago, IL, USA). Compliance of data with the
normal distribution was assessed by Kolmogorov–Smirnov One–Sample Test. For continuous variables,
the normal distribution was represented by the mean ± standard deviation (SD), and the non-normal
distribution was represented by the median (25%-75%). Categorical variables were expressed as a number
(percentage). Spearman correlation analysis and sex-adjusted partial correlation analysis were used for
the correlation between TC and related clinical parameters. Continuous variables were analyzed using the
Student’s t-test, Mann–Whitney U test, or variance (ANOVA) analysis, and categorical variables were
assessed using the chi-square test to evaluate the differences in clinical characteristics and biochemical
parameters between groups. Multiple linear regression analysis and binary logistic regression analysis
were used to determine whether age was an independent factor that in�uenced serum TC elevation in
patients with FH. A value of p < 0.05 was considered statistically signi�cant.

3. Results

3.1. Baseline characteristics
A total of 209 individuals (103 in FH and 106 in control group) were enrolled, with an average age of
(48.12 ± 15.58) years, 41.1% male, and an average BMI of (23.35 ± 3.45) kg/m2. The demographic and
clinical characteristics of the patients with FH and the control group are shown in Table 1. The age range
in the FH group and the control group was 18–85 years. There were no signi�cant differences in age,
gender, or BMI between the FH group and the control group (p > 0.05). It was observed that the FH group
had a higher percentage of patients with a CHD-positive family history (66% vs. 17.9%, p < 0.01) and
signi�cantly higher levels of atherosclerotic lipids, including TC, LDL-C, apoB, Lp(a), and non-HDL-C than
the control group (p < 0.01). 

Table 1

  Baseline characteristics of study population 

3.2. Correlation analysis of TC with age and other relevant
clinical parameters
As shown in Figure 1, the study population was divided into a group whose members were ≥ 50 years old
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Variables All FH Control p

n=209 n=103 n=106

Age, years 48.12 ± 15.58 46.12 ± 14.29 50.06 ± 16.57 0.067

Male,N(%)   86(41.1%) 39(37.9%) 47(44.3%) 0.418

BMI, kg/m2 23.35 ± 3.45 23.63 ± 3.39 22.63 ± 3.55 0.122

Familial history of CHD, N(%) 87(41.6%) 68(66%) 19(17.9%) <0.001

Xathoma, N(%) 18(8.6%) 18(17.5%) NA NA

Lipid-regulating drugs, N(%) 12(5.7%) 12(11.7%) NA NA

DM, N(%) 13(6.2%) 4(3.9%) 9(8.5%) 0.283

HT, N%) 53(25.4%) 28(27.2%) 25(24.3%) 0.550

Smoking, N(%) 59(28.2%) 28(27.2%) 31(29.2%) 0.741

Drinking, N(%) 84(40.2%) 45(43.7%) 39(36.8%) 0.309

FBG, mmol/L 4.99 ± 0.93 4.96 ± 0.79 5.01 ± 1.05 0.695

TC, mmol/L 5.10 ± 1.44 5.86 ± 1.41 4.36 ± 1.05 <0.001

LDL-C, mmol/L 3.38 ± 1.20 3.95 ± 1.30 2.84 ± 0.78 <0.001

TG, mmol/L 1.36(0.90–1.91) 1.48 (0.90–2.34) 1.31 (0.9–1.8) 0.142

HDL-C, mmol/L 1.24 ± 0.31 1.33 ± 0.27 1.17 ± 0.37 0.001

apoA1, g/L 1.39 ± 0.34 1.43 ± 0.27 1.34 ± 0.40 0.069

apoB, g/L 0.88 ± 0.24 0.93 ± 0.50 0.87 ± 0.24 0.680

Lp(a), mg/L 226(117–307) 249.5(168–309.2) 108(38.5–304) 0.007

non-HDL-C, mmol/L 3.86 ± 1.30 4.54 ± 1.32 3.21 ± 0.89 <0.001

Data are presented as mean ± SD, median (25th-75th percentile) or n (%). Bold values indicate
statistical signi�cance. FH, familial hypercholesterolemia; BMI, body mass index; CHD, coronary heart
disease; DM, diabetesmellitus; HT, hypertension; FBG, Fasting blood glucose; TC, Total cholesterol;
LDL-C, low density lipoprotein cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol;
apoA1, apolipoprotein A1; apoB, apolipoprotein B; Lp(a), lipoprotein (a).

(elderly group) and a group whose members were < 50 years old (youth group). By comparing the
concentration of the serum TC level between the two groups, we found that in patients with FH the serum
TC level in the elderly group was signi�cantly higher than that of the youth group (p < 0.05), while there
were no statistical differences in the control group (p > 0.05). Spearman correlation analysis showed that
age was signi�cantly correlated with TC level in the FH group (r = 0.351, p < 0.001) but not in the control
group (r = -0.066, p = 0.504), as shown in Figure 2. After adjusting for sex, the partial correlation analysis
also showed that age was signi�cantly correlated with TC in the FH group (r = 0.488, p < 0.001), but not in
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the control group (r = -0.076, p = 0.646), as shown in Table 2. Meanwhile, the correlation between serum
TC value and other important clinical parameters are also summarized in Table 2. The TC value between
the FH group and the control group was also signi�cantly correlated with several other atherosclerotic
lipid indexes (LDL-C, apoB and non-HDL-C) (p < 0.01). Age, SBP, and FBG were found to be signi�cantly
correlated with the TC value in the FH group (p < 0.01), but not in the control group (p > 0.05).

Table 2

 Correlation between TC and other cardiovascular risk factors after adjusting sex

Variables TC–FH TC–Control

r p r p

Age, years 0.488 0.001 -0.076 0.646

BMI, kg/m2 0.128 0.386 0.241 0.140

SBP, mmHg 0.286 0.049 -0.012 0.914

DBP, mmHg 0.137 0.355 -0.051 0.635

MAP, mmHg 0.209 0.153 -0.038 0.725

FBG, mmol/L 0.102 0.489 0.280 0.085

LDL-C, mmol/L 0.893 <0.001 0.969 <0.001

TG, mmol/L 0.225 0.124 0.273 0.093

HDL-C, mmol/L 0.525 <0.001 0.638 <0.001

apoA1, g/L 0.423 0.003 0.587 <0.001

apoB, g/L 0.760 <0.001 0.853 <0.001

Lp(a), mg/L -0.125 0.398 0.395 0.013

non-HDL-C, mmol/L 0.979 <0.001 0.954 <0.001

Partial correlation analyses were used. Bold values indicate statistical signi�cance. FH, familial
hypercholesterolemia; TC, Total cholesterol; BMI, body mass index; SBP, systolicpressure; DBP,
diastolicpressure; MAP, meanarterialpressure; FBG, fasting blood glucose; LDL-C, low density
lipoprotein cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; apoA1,
apolipoprotein A1; apoB, apolipoprotein B; Lp(a), lipoprotein (a).

3.3. Age was an independent factor that in�uenced the
elevation of serum TC in the FH group
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In view of the above correlation in the FH group, multiple linear regression analysis was used to further
determine the relationship between age and TC. By performing the stepwise procedure to the models, age
was independently associated with the TC level after adjusting for sex, FBG, BMI, lipid-regulating drug
use, xanthoma, smoking, alcohol consumption, CHD history, MAP and Lp(a) (β = 0.042, p < 0.001, Table
3). At the same time, we used the forward maximum likelihood method for multi-factor binary logistic
regression analysis, and age was identi�ed as an independent risk factor for increased TC in the FH
group after adjusting for sex, DM, BMI, lipid-regulating drugs use, xanthoma, smoking, alcohol
consumption, CHD history, MAP, and Lp(a). That is, compared with the youth group, the risk of serum TC
≥ 6.2 mmol/L was signi�cantly higher in the middle-aged and elderly group (OR = 9.23 (2.32–36.68), p <
0.01), as shown in Table 4.

Table 3

Multiple linear regression analysis of the relationship between age and TC in FH

Models Independent variable (Age)

β (unstandardized) p

Crude 0.035 <0.001

1 0.040  0.001

2 0.042 <0.001

Multivariable stepwise linear regression models are shown. TC is the dependent variable. Model 1
adjusted for sex, FBG, BMI, lipid-regulating drugs use, xanthoma, alcohol consumption, history of
CHD, MAP and Lp(a); Model 2 adjusted for confounders in model 1 plus smoking. TC, total
cholesterol; FH, familial hypercholesterolemia; FBG, fasting blood glucose; BMI, body mass index;
CHD, coronary heart disease; MAP, meanarterialpressure; Lp(a), lipoprotein (a).

Table 4

Logistic regression analysis of age as a risk factor for changing serum TC level in FH
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  Age < 

50 yrs

Age ≥ 

50 yrs

Crude 

OR (95%CI)

Model 1 

OR (95%CI)

Model 2 

OR (95%CI)

TC < 6.2 

mmol/L

26 3 1 1 1

TC ≥ 6.2 

mmol/L

9 12 4.231

(1.802-9.934)

7.857

(2.201-28.053)

9.230 (2.323-36.680)

p     0.001 0.002 0.002

Model 1: Adjusted for hyperglycemia, overweight, using lipid-regulating drugs, xanthoma, smoking,
drinking, history of CHD, MAP > 105 mmHg and Lp(a) ≥ 300 mg/L; Model 2: Adjusted for
confounders in model 1 plus female. TC, total cholesterol; FH, familial hypercholesterolemia;  CHD,
coronary heart disease; MAP, mean arterial pressure; Lp(a), lipoprotein (a).

4. Discussion
According to the sample size estimation formula of linear correlation analysis (see Formula 1), and the
correlation coe�cient r = 0.351 between serum TC and age in FH patients obtained in this study,
substituted into the formula, the theoretical sample size n = 81, our actual sample size n = 103. It can be
seen that the sample size of this study has exceeded the minimum required sample size, indicating that
this study can guarantee the reliability of the conclusion.

In fact, after analyzing the correlation between age and the serum TC level in the FH group, we also
analyzed the correlation between age and the serum LDL-C level through Spearman correlation analysis,
partial correlation analysis, and multiple regression analysis following the same path and obtained the
same results. In other words, age was found to be an independent factor that in�uenced serum TC and
LDL-C levels in the FH group. It is known that age is an independent risk factor for many
diseases, including hypertension and a variety of tumor diseases, and with increasing age the incidence
of various diseases gradually increases. By analyzing the relationship between serum TC level and age in
FH families, the results of this study also showed a positive correlation that was consistent with our
previous conjecture. Therefore, it is reasonable to believe that the serum cholesterol level, which has been
proposed by previous studies to be an independent risk factor for the occurrence of CVD in patients
with FH [17], would increase the exposure time (also age), accelerating the increases in CVD risk
in patients with FH. Michael J Domanski et al. evaluated the relationship
between the areas under the LDL-C and age curves and the risk of developing CVD in these patients using
data from the Coronary Artery Risk Development Study in Young Adults. It was found that both the
areas under the LDL-C and age curves and the time course of area accumulation were signi�cantly
correlated with the risk of a CVD event [18]. It can be seen that the risk of a CVD event depends on the
time course of area accumulation. Therefore, this study has important implications for the control of TC
and LDL-C in early life and the prevention of CVD in patients with FH. This was in line with the results of
this study, which showed that the FH group had a higher family history of CHD than the control group.
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Genotypes and phenotypes are the main causes of ASCVD in FH patients [17], and several vast cohort
studies have con�rmed that age is an independent risk factor for CVD in FH patients [10-13], while the
results of this study indicate that age is an independent in�uencing factor for serum TC and LDL-C
elevation in FH patients. The clinical signi�cance of this study lies in the following points: On the one
hand, the time accumulation effect of serum cholesterol reveals that age is an independent risk factor for
ASCVD in FH patients; on the other hand, it is consistent with the spatial–temporal expression theory of
genes for inherited diseases [19, 20]. That is, with an increase in age, the risk of disease gradually
increases. In conclusion, early identi�cation and the early application of cholesterol-regulating therapy
should be encouraged to reduce the risk of temporal cumulative effects of serum cholesterol in patients
with FH. At the same time, we should encourage the screening of blood lipid levels in those with
abnormal blood lipids and pay more attention to the early identi�cation of FH. In support of this, Lidewij
et al. highlighted a shift in thinking from adult screening to childhood screening [21]. In view of the rapid
development of genetic and molecular diagnostic technologies in recent years, the detection rate of FH in
patients with dyslipidemia in China has also been increasing [5, 10]. Therefore, we call for early screening
and early intervention for FH patients. Providing statins and other lipid-regulating drugs to FH patients in
their early life will be of great signi�cance for effectively preventing early CVD events.

Although gender differences may also lead to different lipid levels in FH patients [22, 23], the current
study showed show that serum TC value still presents an obvious positive correlation with age after
adjusting for gender, and age accumulation will be the increase in blood lipid TC, whether the patients
is male or female. Therefore, gender differences will not lead to an increase in lipid levels in
FH patients or age-related changes. Additionally, smoking is considered to be a risk factor for
cardiovascular diseases, and it is also believed to cause an increase in serum lipids such as TC, LDL-C
and TG [24-26]. However, in our study, compared with the male non-smoking group, the serum TC
concentration in the male smoking group decreased with age. Although this trend was not statistically
signi�cant (possibly limited by sample size), it still suggested that we cannot ignore the possibility of
reduced TC values due to smoking, since smoking has been reported to be associated with lower
cholesterol, which reduce the risk of death from CVD [27]. In addition to smoking, some factors that affect
the progression of atherosclerosis, such as alcohol consumption, Lp(a), glucose metabolism, blood
pressure, and the use of lipid-regulating drugs, also affect lipid metabolism and lead to changes in the TC
level. Nevertheless, after adjusting for these in�uencing factors in this study, the results also showed an
independent association between age and cholesterol level in the FH group. They also suggested that age
was an independent risk factor for serum cholesterol level change in the FH group. Moreover, this was not
seen in the control group. The results of this study showed that serum TC in the FH group was also
signi�cantly positively correlated with SBP, but not in the control group. This suggested a mutual
interaction between cholesterol and arterial blood pressure in the FH group that was independent of
the normal population. In support of this, it was found that elevated serum cholesterol levels led to
decreased arterial wall compliance, resulting in increased cardiac after-load and increased SBP due to the
accelerated return of systolic arterial waves from the periphery, which further led to left ventricular over-
pressure [28, 29]. Additionally, the positive correlation between age and SBP under the action of this
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mechanism further expands the age exposure effect of cholesterol-induced atherosclerosis, which
could explain, to some extent, why FH patients have a risk of CVD events that is tens of times higher than
that of the general population [30]. It is worth mentioning in this study that population characteristics
showed that FH men accounted for only 39%, which does not match the current situation: that the
proportion of men in the Chinese population is much higher than that of women. Indeed, as an autosomal
genetic disease, FH has a 50/50 ratio of men to women in the population. Thus, we have to consider the
possibility of early death in men with FH [31, 32], which further underlines the need for the cascade
screening of family members with known indicator cases.

With the progression of urbanization, family members are often distributed in different
places with different environments and have differences in their way of life and diet, which may mask
some clinical characteristics of FH. For example, xanthoma and lipid pro�le changes are not obvious [5,
33], which increases the di�culty of collecting detailed information regarding FH. The collaboration of
clinical, public health, and advocacy groups should therefore be encouraged to promote genetic screening
for FH [34]. Our current research, through the strict screening of raw data, was based on a relatively small
number of samples. Therefore, further large cohort studies are necessary to clarify the correlation
between age and serum TC among subgroups of patients with FH. In addition, because FH has no
independent code in the World Health Organization's international classi�cation of diseases, it is di�cult
to estimate the number of people diagnosed with this disease or the proportion of people with FH in the
general population. In the current situation, where there still exists a de�ciency in the diagnosis and
treatment of FH, there is an urgent need to implement screening and early treatment for this extremely
high-risk disease [31].

Our study has some limitations. First, genetic diagnosis was not performed in FH patients who were
diagnosed according to the DLCN criteria. Second, although our actual sample size exceeds the
theoretical sample size obtained according to the calculation formula, it is still necessary to further verify
the investigation with a larger sample size. Third, we excluded participants younger than 18 years old,
which might lead to selection bias and limit the extrapolation of our results.

5. Conclusions
Age is an independent factor in�uencing the serum TC level in FH families; thus, it is necessary to
conduct early screening and early intervention based on dyslipidemia, especially in children and
adolescents, to reduce the premature occurrence of CVD events in FH patients.
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Figures

Figure 1

Comparison of serum TC level according to age in patients with FH (A) and control (B). TC, total
cholesterol; FH, familial hypercholesterolemia.



Page 16/16

Figure 2

Correlations between age and serum TC levels in patients with FH (A) and control (B). Spearman
correlation analyses were applied. The dotted lines indicate the 95% con�dence intervals for the
regression lines. TC, total cholesterol; FH, familial hypercholesterolemia.


