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HIGHLIGHTS GRAPHICAL ABSTRACT

e Lp(a) levels among patients with path-
ogenic variant FH were significantly
elevated.

Graphical Abstract: Synergistic Effect of Lipoprotein (a) and C-reactive Protein on
Prognosis of Familial Hypercholesterolemia

e Lp(a) and CRP levels were not associ-
ated With MACE by themSelVeS. according to FH-mutation according to strata of Lp(a) & CRP
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ARTICLE INFO ABSTRACT
Keywords: Objective: The synergistic effect of lipoprotein (a) [Lp(a)] and C-reactive protein (CRP) on major adverse car-
Familial hypercholesterolemia diovascular events (MACE) among patients with familial hypercholesterolemia (FH) is unknown. This study
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aimed to investigate the relations between Lp(a) and CRP levels and MACE in patients with FH whose Lp(a)
levels are elevated.

Methods: We retrospectively investigated associations between genotypes and phenotypes, including low-density
lipoprotein (LDL) cholesterol level and the occurrence of MACE among patients with FH (N = 786, male/female:
374/412). A Cox proportional hazard model was used to identify factors associated with MACE, adjusting for
traditional risk factors. Patients with FH were divided into four groups, based on their Lp(a) and CRP levels, and
assessed using Kaplan-Meier curves.

Results: The median follow-up was 12.6 years (interquartile range [IQR], 9.5-17.9 years). During follow-up, 129
MACE were observed. Median Lp(a) and CRP levels were 21.4 (10.9-38.3) mg/dL and 0.20 (0.11-0.29) mg/dL,
respectively. Under these conditions, natural log-transformed Lp(a) and CRP were not associated with MACE
(hazard ratio [HR], 1.08; 95% confidence interval [CI], 0.91-1.25; P = 0.220; and HR, 1.12; CI, 0.96-1.28; P =
0.190, respectively). However, in Group 4, Lp(a) and CRP were significantly associated with MACE (HR, 2.44; CI,
1.42-3.46; P = 1.8 x 1077).

Conclusions: In patients with FH, Lp(a) was significantly associated with MACE only when the CRP level was
elevated. Patients with FH whose Lp(a) and CRP levels are elevated should be treated aggressively.
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1 Short tweet: #lipoprotein(a); #C-reactive protein; #familial hypercholesterolemialn patients with FH, Lp(a) was significantly associated with MACE only when
the CRP level was elevated. Patients with FH whose Lp(a) and CRP levels are elevated should be treated aggressively.
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1. Introduction

Familial hypercholesterolemia (FH) is one of the most common
Mendelian disorders; its prevalence in the general population is believed
to be 1/300 [1,2]. Patients with FH are often complicated with prema-
ture cardiovascular disease (CVD) due to an extremely high level since
birth of low-density lipoprotein (LDL) cholesterol level. FH is caused by
variants of genes associated with LDL metabolism, including LDL re-
ceptor (LDLR), apolipoprotein B (APOB), proprotein convertase sub-
tilisin/kexin type 9 (PCSK9), and LDL receptor adaptor protein 1
(LDLRAPI) [3]. In past decades, several types of medication have been
developed to reduce LDL cholesterol, including statins, ezetimibe, and
PCSK9 inhibitors [4]. However, even with LDL-lowering therapies, there
remain risks of CVD (“residual risks”), such as lipoprotein (a) [Lp(a)]
and C-reactive protein (CRP) [5,6]. Among patients with FH, Lp(a)
levels are significantly higher than in those without FH; the underlying
mechanism remains unclear.

CRP level has been established as a residual risk for CVD among
general populations receiving LDL-lowering therapies [7-10]. Further-
more, several studies conducted in patients without FH have suggested
that Lp(a) and CRP have synergistic effects on CVD events [11,12].
However, there is only sparse data for clarifying Lp(a) and CRP as re-
sidual risk factors for CVD among patients with FH. Here we investigate
the associations between these residual risk factors, Lp(a) and CRP, and
the occurrence of major adverse cardiac events (MACEs) among patients
who fulfill the clinical diagnostic criteria for FH.

2. Materials and methods

2.1. Study population

At Kanazawa University Hospital, from 1990 to 2020, we reviewed
the information of 2,011 patients who were clinically diagnosed with FH
using the 2017 Japan Atherosclerosis Society criteria [13]. All of these
patients fulfilled at least two of the three essential clinical criteria as
follows: [1] LDL cholesterol > 180 mg/dL; [2] tendon xanthoma on the
backs of the hands, elbows, knees, or other areas, Achilles tendon hy-
pertrophy, Achilles tendon thickness > 9 mm (as assessed by X-ray), and
xanthoma tuberosum; and [3] a family history of FH or premature
coronary artery disease (diagnosed in the patient’s first- or
second-degree relatives). We excluded 1,225 patients who lacked data
(e.g., blood lipids, genetic analyses) or because patients were homozy-
gous with compound heterozygous FH. We finally included 786 patients
(Supplemental Fig. 1).

2.2. Clinical data assessments

We defined hypertension as systolic blood pressure of >140 mmHg,
diastolic blood pressure of >90 mmHg, or by the use of antihypertensive
agents. We used the definition of diabetes of the Japan Diabetes Society
[14]. Smoking was defined as current smoking. CVD was defined as the
presence of angina pectoris, myocardial infarction, or severe stenotic
region(s) in the coronary artery (>75% stenosis), identified using either
angiography or computed tomography. Serum levels of total cholesterol,
triglycerides, and high-density lipoprotein cholesterol were determined
enzymatically using automated instrumentation. If triglyceride levels
were <400 mg/dL LDL, cholesterol levels were calculated using the
Friedewald formula; otherwise, they were determined enzymatically.
Throughout the study period, an enzyme-linked immunosorbent assay
was used to determine Lp(a) concentrations (N-Assay TIA Lp(a) Nittobo;
Nitto Boseki, Tokyo, Japan) [15]. A previous study found that the co-
efficient of variation for this measurement of Lp(a) was <8%, within and
between assays [15]. We evaluated high-sensitive CRP (Quoligent CRP
reagent (Sekisui Medical Co, Ltd) using a Hitachi LABOSPECT-L in-
strument for laboratory measurements).
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2.3. Genetic analyses

We assessed genotypes using next-generation sequencing for all of
the study subjects. Briefly, the coding regions of LDLR, APOB, PCSK9,
and LDLRAP1 were sequenced, as previously described [16]. Copy
number variations of LDLR were assessed using eXome Hidden Markov
Model software, as previously described [17]. We assessed the patho-
genicity of the genetic variants according to the standard American
College of Medical Genetics and Genomics criteria [18]. We classified
pathogenic variants as protein-truncating variants, including frameshift,
large deletion/duplication, nonsense, and splice site.

2.4. Ethical considerations

This study was approved by the Ethics Committee of Kanazawa
University. All procedures were conducted in accordance with the
ethical standards of relevant human research committees (institutional
and national) and with the Declaration of Helsinki (1975, revised in
2008). Informed consent for genetic analyses was obtained from all in-
dividuals included in this study.

2.5. Statistical analyses

Categorical variables are reported as numbers and percentages;
comparisons between them were made using Fisher’s exact test or the
Chi-squared test. Normally distributed continuous variables are re-
ported as means with standard deviations. Nonnormally distributed
continuous variables are reported as medians with interquartile ranges
(IQR). Mean values of continuous variables were compared using Stu-
dent’s t-test for independent variables. Median values were compared
using the nonparametric Mann-Whitney U test (Wilcoxon rank-sum
test). For categorical variables, Chi-squared or Fisher’s post hoc tests
were used, as indicated. A Cox proportional hazard model was used to
assess relationships between all variables. Formal test for interaction
between Lp(a) and CRP was performed. Comparisons of times to first
MACE incidents were made using cumulative Kaplan-Meier survival
curves, starting at baseline. Statistical analyses were performed using R
software (https://www.r-project.org). A P-value of <0.050 was
considered to indicate statistical significance.

3. Results
3.1. Clinical characteristics

Table 1 shows the study patients’ clinical characteristics. Their mean
age was 49 years; almost half were male. At baseline, their median LDL
cholesterol level was 241 mg/dL; this reduced to 106 mg/dL during
follow-up. A family history of FH and/or premature CVD was found in
620 patients (78.9%). A history of CVD was present in 230 patients
(29.3%). When we divided the patients into two groups, based on the
occurrence of MACE, we noted significant differences in all variables
between the groups, except for family history of FH and/or premature
CVD. Medical treatments at the end of follow-up period are summarized
in Supplemental Table 1. Most of the patients used statins, most
frequently ezetimibe and colestimide. We identified 84 different types of
pathogenic variant FH among 582 patients (67.2%) (Supplemental
Table 2).

3.2. Lp(a) levels according to FH mutation status

The distribution of serum Lp(a) levels was skewed to the right, as
previously shown (Fig. 1). When we divided the patients into two
groups, based on the presence of pathogenic variant FH, those with
pathogenic variants exhibited significantly higher Lp(a) levels (26.0
mg/dL [12.2-46.5]), compared with those without pathogenic variants
(17.0 mg/dL [8.8-25.3]) (Fig. 2).
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Table 1
Baseline characteristics.
Variables All MACE No MACE P-value
(N =786) (N =129) (N = 657)
Age (years) 49 £18 60 + 20 46 + 16 <2.2 x
10-16
Male (%) 374 (47.6%) 88 (68.2%) 286 (43.5%) 4.7 x
1077
Hypertension (%) 211 (26.8%) 86 (66.7%) 125 (19.0%) <2.2 x
10-16
Diabetes (%) 69 (8.8%) 25 (19.4%) 44 (6.7%) 7.3 x
107
Smoking (%) 206 (26.2%) 71 (55.0%) 135 (20.5%) 9.4 x
10-16
Total cholesterol 318 341 321 6.8 x
(mg/dL) [288-350] [279-381] [259-360] 1075
Triglyceride (mg/ 126 154 114 0.0032
dL) [84-168] [96-188] [79-170]
HDL cholesterol 47 [40-57] 45 [40-49] 48 [43-53] 0.00019
(mg/dL)
Lp(a) (mg/dL) 21.4 26.8 20.4 1.9 x
[10.9-38.3] [12.3-41.4] [10.5-36.3] 107°
CRP (mg/dL) 0.20 0.27 0.18 6.7 x
[0.11-0.29] [0.15-0.36] [0.09-0.26] 10°°
LDL cholesterol (at 241 255 238 0.0018
baseline, mg/dL) [206-275] [214-296] [202-268]
LDL cholesterol (at 106 101 111 0.0044
follow-up mg/dL) [90-118] [88-112] [94-120]
Family history of FH 620 (78.9%) 103 (79.8%) 517 (78.7%) 0.86
and/or premature
CVD (%)

FH pathogenic 528 (67.2%) 114 (88.4%) 414 (63.0%) 3.7 x
variants (%) 1078
History of prior CVD 230 (29.3%) 105 (81.4%) 125 (19.0%) <22 x
(%) 107

Abbreviations: MACE, major adverse cardiac event; FH, familial hypercholes-
terolemia; CVD, cardiovascular disease; Lp(a), lipoprotein (a); CRP, C-reactive
protein; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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3.3. Factors associated with MACE

During a median follow-up period of 12.6 years, MACEs were
experienced by 129 patients, which included myocardial infarction,
unstable angina, staged revascularization, and death associated with
CVD (Table 2). We used a multivariate Cox proportional hazard model to
assess factors associated with MACE (Table 3). We found that the
following were significantly associated with MACE: age (hazard ratio
[HR], 1.08; 95% confidence interval [CI], 1.03-1.13; P = 1.2 x 10712),
male sex (HR, 1.59; CI, 1.09-2.09; P = 0.006), hypertension (HR, 3.04;
CI, 2.04-4.04; P = 2.2 x 107%), diabetes (HR, 1.92; CI, 1.40-2.54; P =
0.011), smoking (HR,.22; CI, 1.44-3.00; P = 2.2 x 10’4), LDL choles-
terol (per 10 mg/dL) (HR, 1.01; CI, 1.00-1.02; P = 0.0034), prior CVD
(HR, 3.03; CI, 2.00-4.06; P < 2.2 x 10_16), and the presence of patho-
genic variant FH (HR, 1.88; CI, 1.08-2.68; P = 0.003). Under these
conditions, natural log-transformed Lp(a) (HR, 1.08; CI, 0.91-1.25; P =
0.220) and CRP (HR, 1.12; CI, 0.96-1.28; P = 0.190) were not associated
with MACE.

3.3.1. Prognosis according to risk groups classified by Lp(a) and CRP

When we divided the patients into four groups, according to Lp(a)
and CRP levels, we found that the Lp(a) and CRP levels of patients in
Group 4 were significantly associated with MACE (HR, 2.44; CI,
1.42-3.46; P = 1.8 x 10’7, Table 4). A significant interaction was
observed between Lp(a) and CRP (P = 0.021). We assessed the groups’
survival curves and found that patients in Group 4 exhibited the worst
outcomes (Fig. 3).

3.4. Discussion

Our study aimed to determine whether Lp(a) and CRP levels were
associated with MACE among patients with FH. We found that [1] Lp(a)
levels among patients with pathogenic variant FH were significantly
higher than in those among without pathogenic variants, [2] Lp(a) and
CRP levels were not associated with MACE by themselves, and [3] the Lp
(a) level was significantly associated with MACE only when the CRP
level was elevated.
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Fig. 1. Histogram of Lp(a).
X-axis represents Lp(a) (mg/dL). Y-axis represents density.
Abbreviations: Lp(a), lipoprotein (a).
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Fig. 2. Lp(a) according to FH mutation status.
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(A) Histogram of Lp(a): X-axis represents Lp(a) (mg/dL). Y-axis represents density. Red indicates patients without pathogenic variants. Green indicates patients with
pathogenic variants. (B) Box plots of Lp(a): Y-axis represents Lp(a) (mg/dL). Red indicates patients without pathogenic variants. Green indicates patients with

pathogenic variants.
Abbreviations: Lp(a), lipoprotein (a); FH, familial hypercholesterolemia.

Table 2

Type of MACE.
Type of MACE All (N = 786)
Death associated with CVD 46 (5.9%)
Myocardial infarction 19 (2.4%)
Unstable angina 23 (2.9%)
Staged revascularization 41 (5.2%)

Total 129 (16.4%)

Abbreviations: MACE, major adverse cardiac event; CVD, cardio-
vascular disease.

Table 3

Factors associated with MACE.
Variable HR 95% CI P-value
Age (per year) 1.08 1.03-1.13 1.2 x 10712
Male (yes vs. no) 1.59 1.09-2.09 0.0057
Hypertension (yes vs. no) 3.04 2.04-4.04 2.2 x107°
Diabetes (yes vs. no) 1.92 1.40-2.54 0.011
Smoking (yes vs. no) 2.22 1.44-3.00 0.00022
LDL cholesterol (per 10 mg/dl) 1.01 1.00-1.02 0.0034
Prior CVD (yes vs. no) 3.03 2.00-4.06 <22 x 10710
FH pathogenic variants 1.88 1.08-2.68 0.0033
In (CRP) 1.12 0.96-1.28 0.19
In [Lp(a)] 1.08 0.91-1.25 0.22

Abbreviations: MACE, major adverse cardiac events; HR, hazard ratio; CI,
confidence interval; CVD, cardiovascular disease; Lp(a), lipoprotein (a); CRP, C-
reactive  protein; LDL, low-density lipoprotein; FH, familial
hypercholesterolemia.

Over recent decades, the prognosis of patients with familial FH has
greatly improved due to early diagnosis, based on universal and cascade
screening, and initiation of LDL cholesterol-lowering therapies,
including statins, ezetimibe, and PCSK9 inhibitors [19-22]. However, in
this LDL-lowering era, there remain so-called residual risk factors for
CVD, such as Lp(a) and CRP. Although Lp(a) and LDL have common
structures, statins have been shown to be neutral in terms of their effect

Table 4
Prognosis according to risk groups classified by Lp(a) and CRP.
Risk groups MACE/total HR (95% CI) P-value
(%)
Group 1 (Lp(a) < 30 mg/dL, CRP < 28/268 1.00 NA
0.2 mg/dL) (10.4%) (reference)
Group 2 (Lp(a) > 30 mg/dL, CRP < 16/120 1.21 0.11
0.2 mg/dL) (13.3%) (0.97-1.45)
Group 3 (Lp(a) < 30 mg/dL, CRP > 44/246 1.32 0.033
0.2 mg/dL) (17.9%) (1.04-1.60)
Group 4 (Lp(a) > 30 mg/dL, CRP >  41/152 2.44 1.8 x
0.2 mg/dL) (27.0%) (1.42-3.46) 1077

Abbreviations: MACE, major adverse cardiac event; HR, hazard ratio; CI,
confidence interval; Lp(a), lipoprotein (a); CRP, C-reactive protein.

on Lp(a) levels, the reason for which remains unclear [23,24]. There are
no available agents that can effectively reduce Lp(a) levels.

Lp(a) has been suggested to be a causal factor for CVD, based on
Mendelian randomization studies [25]. In this context, new Lp
(a)-lowering drugs are being developed, such as antisense oligonucleo-
tide- and siRNA-based drugs [26,27].

When there is an innately elevated serum Lp(a) level, the association
between Lp(a) and CVD events among patients with FH produces
controversial results [28,29]. Several studies among general populations
have suggested that Lp(a) and CRP appear to have synergistic effects in
the development of CVD events [11,12]. However, there are few data
regarding this issue among patients with FH who have extremely high
risk for CVD. We found that the serum Lp(a) level was significantly
associated with MACE only when the CRP level was elevated among
patients with FH.

In vivo and in vitro studies have shown that Lp(a) has proin-
flammatory properties [30,31]. A post hoc analysis of the ACCELERATE
trial of evacetrapib also suggested that Lp(a) was significantly associated
with MACE only when CRP was elevated [11].

In our situation, among patients with FH (who are mostly under
intensive LDL-lowering therapies), the serum Lp(a) could be considered
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Fig. 3. Kaplan-Meier survival curves of MACE incidence.

X-axis represents age (years). Y-axis represents proportion of patients without MACE. Red: Group 1 [Lp(a) < 30 mg/dL, CRP < 0.2 mg/dL]. Green: Group 2 [Lp(a) >
30 mg/dL, CRP < 0.2 mg/dL]. Blue: Group 3 [Lp(a) < 30 mg/dL, CRP > 0.2 mg/dL]. Purple: Group 4 [Lp(a) > 30 mg/dL, CRP > 0.2 mg/dL].
Abbreviations: Lp(a), lipoprotein (a); CRP, C-reactive protein; MACE, major adverse cardiac event.

as a residual risk for CVD when the CRP level is elevated. New agents
that can greatly reduce Lp(a), in addition to antiinflammatory agents (e.
g., canakinumab, colchicine), should be considered [32,33].

Interestingly, we found that Lp(a) levels in patients with pathogenic
variant FH were significantly higher than in those without pathogenic
variants. However, there is a controversy regarding whether the Lp(a)
level in FH is actually elevated or not. It was previously reported that an
elevated Lp(a) level increases the likelihood of diagnosis of FH based on
increased LDL cholesterol and a family history of CVD [34]. Our study
clearly suggests that LDL receptor is likely to play an important role in
Lp(a) metabolism. Further studies with sufficient data regarding path-
ogenic variant FH are needed in order to clarify this important issue.

This study has several limitations. First, it is a retrospective study
conducted at a single center. Thus, the observations may not be gener-
alizable. However, our institute, with a long history of treating patients
with FH, has one of the largest datasets in Japan. Second, we could not
account for treatments during the follow-up, which might affect our
results. Third, many patients were excluded from analysis due to a lack
of data or were lost to follow-up, which may affect our results. Fourth,
we did not perform functional analyses to validate the pathogenicity of
genetic variants. Fifth, a proportion of patients were treated with PCSK9
inhibitor, which might reduce Lp(a) levels. In addition, statins which has
been shown to reduce CRP level might have impacted our results [35,
36], although we used CRP level at baseline where no medication,
including statins, was given to patients. Sixth, 1 in 3 patients in this
study do not have FH-mutation who could have hypercholesterolemia
with other cause rather than FH, although they met clinical criteria of
FH in Japan. In this regard, the proportion of mutation positive among
patients with clinical-FH looks like to be similar to other reports [37,38].
Seventh, among 556 patients under the primary prevention settings,
only 24 MACEs were observed during the follow-up period of 12.6 years.
So, it is impossible to investigate the associations focusing on these
population due to lack of statistical power. Accordingly, it should be
noted that our results may only be applicable to the patients under the
secondary prevention settings. Finally, we could not identify concomi-
tant inflammatory diseases and associated therapies, which might affect
CRP levels.

In conclusion, we found that, among patients with FH, the Lp(a) level
was significantly associated with MACE only when the CRP level was
elevated. Patients with FH whose Lp(a) and CRP levels are elevated
should be treated aggressively for modifiable risk factors.

CRediT authorship contribution statement

H.T. and M.K. conceived of the presented idea. H.T., N.K., K.Y., A.N.,
AN, S.U,K.S.,N.F., M.T., and M.K. collected clinical data. H.T., N.K, K.
Y., and A.N. performed genetic analyses. H.T. performed statistical an-
alyses. M.T. and M.K. supervised the findings of this work. All authors
contributed to write the manuscript. All authors discussed the results
and contributed to the final manuscript.

Declaration of Competing Interest

The authors declare that the research was conducted in the absence
of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Acknowledgments

We are thankful to Ms. Kazuko Honda and Mr. Sachio Yamamoto for
their outstanding technical assistance.

Funding disclosure

This work has been supported by JSPS KAKENHI (20H03927,
21K08066, and 21H03179); a grant from Ministry of Health, Labour and
Welfare of Japan (21FC1009) and Japanese Circulation Society (project
for genome analysis in cardiovascular diseases); and the Japan Agency
for Medical Research and Development (16ek0210075h0001) to Dr.
Hayato Tada.

Supplementary materials

Supplementary material associated with this article can be found, in



H. Tada et al.

the online version, at doi:10.1016/j.ajpc.2022.100428.

References

[1

—

[2]

[3

=

[4

=

[5]

[6

—

[7

—

[8

—

[91

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

Beheshti SO, Madsen CM, Varbo A, Nordestgaard BG. Worldwide prevalence of
familial hypercholesterolemia: meta-analyses of 11 million subjects. J Am Coll
Cardiol 2020;75:2553-66.

Hu P, Dharmayat KI, Stevens CAT, et al. Prevalence of familial
hypercholesterolemia among the general population and patients with
atherosclerotic cardiovascular disease: a systematic review and meta-analysis.
Circulation 2020;141:1742-59.

Mabuchi H. Half a century tales of familial hypercholesterolemia (FH) in Japan.
J Atheroscler Thromb 2017;24:189-207.

Brandts J, Ray KK. Familial hypercholesterolemia: JACC Focus Seminar 4/4. J Am
Coll Cardiol 2021;78:1831-43.

Sever PS, Poulter NR, Chang CL, et al. Evaluation of C-reactive protein before and
on-treatment as a predictor of benefit of atorvastatin: a cohort analysis from the
Anglo-Scandinavian Cardiac Outcomes Trial lipid-lowering arm. J Am Coll Cardiol
2013;62:717-29.

Willeit P, Ridker PM, Nestel PJ, et al. Baseline and on-statin treatment lipoprotein
(a) levels for prediction of cardiovascular events: individual patient-data meta-
analysis of statin outcome trials. Lancet 2018;392:1311-20.

Alonso R, Andres E, Mata N, et al. Lipoprotein(a) levels in familial
hypercholesterolemia: an important predictor of cardiovascular disease
independent of the type of LDL receptor mutation. J Am Coll Cardiol 2014;63:
1982-9.

Langsted A, Kamstrup PR, Benn M, Tybjerg-Hansen A, Nordestgaard BG. High
lipoprotein(a) as a possible cause of clinical familial hypercholesterolaemia: a
prospective cohort study. Lancet Diabetes Endocrinol 2016;4:577-87.

Tada H, Kawashiri MA, Yoshida T, et al. Lipoprotein(a) in familial
hypercholesterolemia with proprotein convertase subtilisin/kexin type 9 (PCSK9)
gain-of-function mutations. Circ J 2016;80:512-8.

Verma S, Szmitko PE. Ridker PM. C-reactive protein comes of age. Nat Clin Pract
Cardiovasc Med 2005;2:29-36.

Puri R, Nissen SE, Arsenault BJ, et al. Effect of C-reactive protein on lipoprotein(a)-
associated cardiovascular risk in optimally treated patients with high-risk vascular
disease: a prespecified secondary analysis of the ACCELERATE Trial. JAMA Cardiol
2020;5:1136-43.

Zhang W, Speiser JL, Ye F, et al. High-sensitivity C-reactive protein modifies the
cardiovascular risk of lipoprotein(a): multi-ethnic study of atherosclerosis. J Am
Coll Cardiol 2021;78:1083-94.

Harada-Shiba M, Arai H, Ishigaki Y, et al. Guidelines for diagnosis and treatment of
familial hypercholesterolemia 2017. J Atheroscler Thromb 2018;25:751-70.
Araki E, Goto A, Kondo T, et al. Japanese clinical practice guideline for diabetes
2019. J Diabetes Investig 2020;11:1020-76.

Wu JH, Kao JT, Wen MS, Wu D. Coronary artery disease risk predicted by plasma
concentrations of high-density lipoprotein cholesterol, apolipoprotein Al,
apolipoprotein B, and lipoprotein(a) in a general Chinese population. Clin Chem
1993;39:209-12.

Tada H, Kawashiri MA, Nomura A, et al. Oligogenic familial hypercholesterolemia,
LDL cholesterol, and coronary artery disease. J Clin Lipidol 2018;12:1436-44.
Yamamoto T, Shimojima K, Ondo Y, et al. Challenges in detecting genomic copy
number aberrations using next-generation sequencing data and the eXome Hidden
Markov Model: a clinical exome-first diagnostic approach. Hum Genome Var 2016;
3:16025.

Richards S, Aziz N, Bale S, et al. Standards and guidelines for the interpretation of
sequence variants: a joint consensus recommendation of the American College of

[19]

[20]

[21]

[22]

[23]

[24]
[25]
[26]
[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

American Journal of Preventive Cardiology 12 (2022) 100428

Medical Genetics and Genomics and the Association for Molecular Pathology.
Genet Med 2015;17:405-24.

Tada H, Okada H, Nohara A, Yamagishi M, Takamura M, Kawashiri MA. Effect of
cumulative exposure to low-density lipoprotein-cholesterol on cardiovascular
events in patients with familial hypercholesterolemia. Circ J 2021;85:2073-8.
Luirink IK, Wiegman A, Kusters DM, et al. 20-year follow-up of statins in children
with familial hypercholesterolemia. N Engl J Med 2019;381:1547-56.

Tada H, Okada H, Nomura A, et al. Prognostic impact of cascade screening for
familial hypercholesterolemia on cardiovascular events. J Clin Lipidol 2021;15:
358-65.

Matsunaga K, Mizobuchi A, Fu HY, et al. Universal screening for familial
hypercholesterolemia in children in Kagawa. Japan. J Atheroscler Thromb 2021
Jun 26. https://doi.org/10.5551/jat.62780.

Tada H, Takamura M, Kawashiri MA. Lipoprotein(a) as an old and new causal risk
factor of atherosclerotic cardiovascular disease. J Atheroscler Thromb 2019;26:
583-91.

de Boer LM, Oorthuys AOJ, Wiegman A, et al. Statin therapy and lipoprotein(a)
levels: a systematic review and meta-analysis. Eur J Prev Cardiol 2021:zwab171.
Clarke R, Peden JF, Hopewell JC, et al. Genetic variants associated with Lp(a)
lipoprotein level and coronary disease. N Engl J Med 2009;361:2518-28.
Tsimikas S, Karwatowska-Prokopczuk E, Gouni-Berthold I, et al. Lipoprotein(a)
reduction in persons with cardiovascular disease. N Engl J Med 2020;382:244-55.
Koren MJ, Moriarty PM, Baum SJ, et al. Preclinical development and phase 1 trial
of a novel siRNA targeting lipoprotein(a). Nat Med 2022;28:96-103.

Pavanello C, Pirazzi C, Bjorkman K, et al. Individuals with familial
hypercholesterolemia and cardiovascular events have higher circulating Lp(a)
levels. J Clin Lipidol 2019;13:778-87.

Naito R, Daida H, Masuda D, et al. Relation of serum lipoprotein(a) levels to
lipoprotein and apolipoprotein profiles and atherosclerotic diseases in Japanese
patients with heterozygous familial hypercholesterolemia: familial
hypercholesterolemia expert forum (FAME) study. J Atheroscler Thromb 2021 Aug
30. https://doi.org/10.5551/jat.63019. Online ahead of print.

van der Valk FM, Bekkering S, Kroon J, et al. Oxidized phospholipids on
lipoprotein(a) elicit arterial wall inflammation and an inflammatory monocyte
response in humans. Circulation 2016;134:611-24.

Schnitzler JG, Poels K, Stiekema LCA, et al. Short-term regulation of hematopoiesis
by lipoprotein(a) results in the production of pro-inflammatory monocytes. Int J
Cardiol 2020;315:81-5.

Ridker PM, Everett BM, Thuren T, et al. Antiinflammatory therapy with
canakinumab for atherosclerotic disease. N Engl J Med 2017;377:1119-31.
Nidorf SM, Fiolet ATL, Mosterd A, et al. Colchicine in patients with chronic
coronary disease. N Engl J Med 2020;383:1838-47.

Trinder M, DeCastro ML, Azizi H, et al. Ascertainment bias in the association
between elevated lipoprotein(a) and familial hypercholesterolemia. J Am Coll
Cardiol 2020;75:2682-93.

Nissen SE, Tuzcu EM, Schoenhagen P, et al. Statin therapy, LDL cholesterol, C-
reactive protein, and coronary artery disease. N Engl J Med 2005;352:29-38.
Ridker PM, Danielson E, Fonseca FA, et al. Rosuvastatin to prevent vascular events
in men and women with elevated C-reactive protein. N Engl J Med 2008;359:
2195-207.

Talmud PJ, Shah S, Whittall R, et al. Use of low-density lipoprotein cholesterol
gene score to distinguish patients with polygenic and monogenic familial
hypercholesterolaemia: a case-control study. Lancet 2013;381:1293-301.
Grenkowitz T, Kassner U, Wiihle-Demuth M, et al. Clinical characterization and
mutation spectrum of German patients with familial hypercholesterolemia.
Atherosclerosis 2016;253:88-93.


https://doi.org/10.1016/j.ajpc.2022.100428
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0001
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0001
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0001
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0002
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0002
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0002
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0002
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0003
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0003
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0004
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0004
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0005
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0005
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0005
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0005
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0006
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0006
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0006
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0007
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0007
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0007
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0007
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0008
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0008
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0008
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0009
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0009
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0009
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0010
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0010
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0011
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0011
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0011
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0011
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0012
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0012
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0012
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0013
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0013
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0014
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0014
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0015
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0015
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0015
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0015
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0016
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0016
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0017
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0017
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0017
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0017
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0018
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0018
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0018
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0018
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0019
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0019
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0019
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0020
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0020
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0021
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0021
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0021
https://doi.org/10.5551/jat.62780
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0023
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0023
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0023
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0024
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0024
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0025
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0025
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0026
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0026
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0027
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0027
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0028
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0028
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0028
https://doi.org/10.5551/jat.63019
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0030
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0030
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0030
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0031
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0031
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0031
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0032
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0032
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0033
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0033
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0034
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0034
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0034
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0035
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0035
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0036
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0036
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0036
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0037
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0037
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0037
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0038
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0038
http://refhub.elsevier.com/S2666-6677(22)00112-X/sbref0038

	Synergistic effect of lipoprotein (a) and C-reactive protein on prognosis of familial hypercholesterolemia
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Clinical data assessments
	2.3 Genetic analyses
	2.4 Ethical considerations
	2.5 Statistical analyses

	3 Results
	3.1 Clinical characteristics
	3.2 Lp(a) levels according to FH mutation status
	3.3 Factors associated with MACE
	3.3.1 Prognosis according to risk groups classified by Lp(a) and CRP

	3.4 Discussion

	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Funding disclosure
	Supplementary materials
	References


