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Abstract

Background and aims: Familial Hypercholesterolemia (FH) is an inherited metabolic disorder with increased
LDL-C levels and coronary heart disease (CHD) risk. The prevalence of heterozygous FH is approximately 1:200 to
1:500 worldwide and higher in CHD populations. We aim to estimate the prevalence of FH and the incidence of
recurrent cardiovascular events among FH and non-FH patients in a large myocardial infarction cohort in China.

Methods: We studied the cohort from the China Patient-Centered Evaluative Assessment of Cardiac Events
Prospective study (PEACE-Prospective). The eligible cohort included 3367 patients hospitalized for myocardial
infarction (MI).

Results: The proportion of potential FH was 0.80% and 4.28% by Dutch Lipid Clinic Network (DLCN) and
modified DLCN criteria, respectively. Compared to non-FH, the FH patients were younger, having more personal and
family history of premature CHD, current smokers and overweight. The exome sequencing identified 11 cases of
pathogenic variants on LDL receptor and ApoB. The risk of recurrent cardiovascular events after Ml was greater in
FH patients with a hazard ratio (HR) of 1.97 with modified DLCN.

Conclusions: The prevalence of Chinese FH by modified DLCN is comparable to the European estimate by
DLCN in the high cardiovascular risk cohort. The patients with FH compared to non-FH have an almost 2-fold
adjusted risk of recurrent cardiovascular events. Further consensus on the LDL-C-based threshold may help on the
establishment of country specific criteria for FH.

C J

established diagnostic criteria for Chinese population. Epidemiology
reports suggest LDL-C levels of Chinese population are generally lower
than that in Western population [8,9]. Thus, FH in Chinese population
may be underdiagnosed by the criteria widely used in the West, such as
the Dutch Lipid Clinic Network (DLCN) criteria. Shi et al. used a set of

Keywords: Familial hypercholesterolemia; Dutch lipid clinic network
criteria; Modified dutch lipid clinic network criteria

Introduction

Familial hypercholesterolemia (FH) is an autosomal dominant
genetic disorder with elevated LDL cholesterol (LDL-C) and increased
risk for premature coronary heart disease [1,2]. FH is primarily
attributed to autosomal inheritance of mutations in the low density
lipoprotein receptor gene (LDLR), apolipoprotein B (apoB) and
proprotein convertase subtilisin/kexin type 9 (PCSK9). These
mutations result in an approximately 20-fold increased risk of
premature coronary heart disease (CHD) in untreated patients [3,4].
At present, the prevalence of heterozygous FH (HeFH) is estimated to
be 1:500 (0.2%) to 1:200 (0.5%) in the general population by clinical
diagnosis [1,5]. Several recent studies reported the prevalence rose
among patients with CHD ranging from 1.6% to 8.3% depending on
the cohort and clinical definition of FH [6,7]. However, systematic
evaluation of FH prevalence in China remains unreported.

Referred to the prediction of HeFH prevalence from the European
study [1], the number of FH patients in China could be between 2.6
million and 6.5 million. At present, there are no suitable and well

modified DLCN (MDLCN) criteria to identify FH patients in China,
and estimated the prevalence of FH as 0.28% in the general population
[10]. Sha Li et al. recently reported the prevalence of FH (by DLCN) as
3.9% in a mono-site Chinese MI cohort [11]. However, the FH
prevalence from nationwide multi-center cohort has not been
investigated. There is limited information about outcome of FH
patients after MI, especially on long term major adverse cardiac events
(MACE).

This study identified FH patients in a large nationwide cohort
(China PEACE-Prospective AMI study including patients enrolled in
pilot phase). We aim to 1) estimate the proportion of FH by different
diagnostic criteria DLCN vs. MDLCN; 2) compare clinical
characteristics of FH patients between different diagnostic criteria; 3)
describe FH pathogenic mutations on LDLR, ApoB and PCSK9 genes
in Chinese MI patients; and 4) estimate the incidence rate of recurrent
cardiovascular (CV) events in FH patients by different diagnostic
criteria.
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Patients and Methods

Study sample

The study samples were collected from subjects in the China
PEACE-prospective AMI [12] as well as the pilot phase cohort. In
brief, the China PEACE-prospective AMI study enrolled
approximately 4,000 consecutive patients admitted for acute
myocardial infarction. These subjects are aged 18 years or older, within
24 h of symptom onset, and from more than 50 diverse hospitals across
China from December 30, 2012 to June 1, 2014. The inclusion criteria
for pilot phase AMI cohort are the same except that there was no strict
record of the symptom onset time. Details of medical history,
treatment, and in-hospital outcomes were abstracted from medical
records. Comprehensive baseline interviews were conducted to
characterize patient demographics, risk factors, presentation, and
healthcare status. Post-discharge follow-up interviews were conducted
at 1, 6, and 12 months after discharge, to collect information of
medication adherence, risk factor control, and report any
hospitalization during the follow-up period. Supporting documents for
potential outcomes were collected for adjudication by clinicians at the
National Center for Cardiovascular Diseases (NCCD). Blood pressure,
height, weight, and waist circumference were measured at baseline as
well as each follow-up visit. Blood samples were obtained for all
patients during the first 24 hours of hospital admission. All laboratory
analyses were performed at the NCCD. TC, LDL-C, HDL-C and
triglyceride (TG) concentrations were measured by standardized
enzymatic methods (Beckman Coulter AU680 analyzers, Beckman AU
reagent). Written informed consent was obtained from each patient
included in the study. The study protocol of China PEACE-prospective
conforms to the ethical guidelines of the 1975 Declaration of Helsinki
and the study protocol has been previously approved by the NCCD
Institution's ethics committee on research on humans. This study was
registered on www. clinicaltrials.gov (Registration No. NCT01624909).

In this study, we finally restricted the samples (n=3367) to patients
with a definite discharge diagnosis of AMI, and blood samples taken at
baseline, and without missing baseline information. Among these
patients, 412 were from pilot phase cohort and 2955 were from
PEACE-prospective cohort.

Diagnosis of FH

Diagnosis of FH patients was mainly based on the DLCN criteria
and the MDLCN criteria with the LDL-C algorithm adjusted by 1.5-2.5
mmol/L to develop a numerical score [10] (Supplementary Table 1).
Information used for definite, probable and possible FH identification
included clinical history, family history, LDL-C levels and genetic
analysis. By both criteria, patients with a score larger than 8 were
classified as definite FH, 6-8 as probable and 3-5 as possible FH.
Tendon xanthoma, corneal Arcus and family LDL-C levels were not
available in our study and missing information was counted as zero.
Family history of premature CHD missing in 141 (4.2%) patients were
also counted as zero. For those patients on statin therapy "untreated”
LDL-C level was estimated by multiplying correction factor of 1.43 [5].
We combined “definite” and “probable” FH into a single definition of
“potential” FH.

Clinical variables and outcome

Patient-level independent variables in this study included
demographic information, cardiovascular risk factors, medical and
family history of premature CHD which was defined as the onset age
of CHD <55 years for men and <60 years for women. Pre-existing
CHD was defined as a previous diagnosis of CHD before the index
hospitalization for AMI. Details of these variables are shown in Table
1.

FH diagnosis by DLCN FH diagnosis by MDLCN
All (3367) possible unlikely possible unlikely
Potential (27) p for trend | Potential (144) p for trend
(408) (2932) (1369) (1854)
Demographics
61 50 50 62 50 55 65
Age <0.000 <0.000
(52,70) | (43, 55) (45, 57) (55, 71) (44, 57) (48, 65) (59, 72)
Female 795 (23.6) | 7 (25.9) 93 (22.8) 695(237) | 0.818 41(28.5) 322 (23.5) 432(233) | 0371
2572
Male o) 20 (74.1) 315(77.2) | 2237 (76.3) | 0.818 103 (71.5) 1047 (765) | 1422 (76.7) | 0.371
Cardiovascular risk factors
Hyperlipidemia 230021) 14 (51.9) 166 (40.7) | 844 (28.8) | <0.000 62 (43.1) 491 (35.9) 471(254) | <0.000
Hypertension 2:57 3) 14 (51.9) 230 (56.4) | 1631 (55.6) | 0.945 80 (55.6) 736 (53.8) 1059 (57.1) | 0.109
Diabetes 795 (23.6) | 7 (25.9) 108 (26.5) | 680(23.2) | 0.153 46 (31.9) 328 (24.0) 421(227) | 0.044
Current Smoker 259733) 16 (59.3) 264 (64.7) | 1653 (56.4) | 0.004 91 (63.2) 839(61.3) 1003 (54.1) | <0.000
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BMI 2 25 ‘ 720 (21.4) ‘ 8 (29.6) ‘ 121 (29.7) ‘ 591 (20.2) ‘ <0.000 ‘ 44 (30.6) 347 (25.3) ‘ 329 (17.7) ‘ <0.000
Comorbidities
Pre-exiting CHD 2:243) 14 (51.9) 182 (44.6) | 1249 (42.6) | 0.266 67 (46.5) 572 (41.8) 806 (435) | 0.758
Premature CHD? 230162) 21 (77.8) 322(789) | 719(245) | <0.001 116 (80.6) 737 (53.8) 209 (11.3) | <0.000
Heart failure 865 (25.7) | 10 (37.0) 86 (21.1) 760 (262) | 0.172 36 (25.0) 332 (24.3) 497 (26.8) | 0.14
Family history
Premature CHD? ‘ 368 (10.9) ‘ 8 (29.6) ‘ 136 (33.3) ‘ 224 (7.6) ‘ <0.000 ‘ 52 (36.1) 149 (10.9) ‘ 167 (9.0) ‘ <0.000
Lab test at admission

47 8.1 5.9 45 6.5 5.4 41
TC (mmollL) <0.000 <0.000

(39,55) | (6.6,8.7) (4.9,6.9) (3.8,5.3) (5.8,7.8) (4.8,6.0) (3.5,4.7)
LDL-CP 3.0 6.6 42 29 5.1 37 26

<0.000 <0.000

(mmoliL) (2.4,36) | (5.6,7.5) (3.2, 4.9) (2.4, 3.5) (4.0,6.2) (3.2, 4.1) 2.1,3.0)

0.9 0.9 09 09 0.9 0.9 08
HDL-C (mmol/L) <0.000 <0.000

07,1.0) | (0.8, 1.1) 0.7,1.1) (0.7,1.0) (0.8, 1.1) (0.8, 1.1) (0.7,1.0)

14 19 18 13 20 16 12
Triglycerides (mmol/L) <0.000 <0.000

(1.0,2.0) | (1.2,2.9) (1.3, 2.4) (0.9, 1.9) (1.4,2.8) (1.1,2.2) (0.8,1.7)
Statins use at admission | 246 (7.3) | 13 (48.1) 50 (12.3) 183 (6.2) <0.000 36 (25.0) 105 (7.7) 105 (5.7) <0.000

Table 1: Patient baseline characteristics stratified according to DLCN and MDLCN diagnosis criteria. BMI: Body Mass Index; CHD: Coronary
Heart Disease; TC: Total Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol; HDL-C: Low-Density Lipoprotein Cholesterol; Data
expressed as median (IQR) or percentage. DLCN, Dutch. ? Premature CHD was defined as age of onset<55 for men and <60 for women. b In
those on a statin at admission, LDL-cholesterol concentrations were multiplied by 1.43.

The clinical outcome was a composite of cardiovascular events,
including cardiac death, nonfatal AMI, coronary revascularization,
and ischemic stroke, occurred any time within 1 year after the index
AMI hospitalization. The first outcome event of each patient after
discharge was analysed after adjudication. In order to assess the
association between FH and recurrence of cardiovascular events, we
excluded patients who died during the index hospitalization (n=18).
Therefore, a total of 3349 patients were included for the association
analysis.

Genetic testing and variant calling

In sampling for genetic testing, we referred to the recommendation
of the European Atherosclerosis Society [1] and selected 27 DCLN>5
patients (definite and probable FH). Among them 24 available DNA
samples were sequenced. Genomic DNAs were isolated using QIAamp
DNA Mini kits (Qiagen). DNA libraries were constructed according to
the protocol provided by the manufacturer with the Illumina Trusight
One Sequencing Panel (Illumina). Exome sequencing data were
generated using Illumina Next sequence 500 platform in 2 x 150-bp
paired-end reads. All identified variants were annotated against public
database, including HGMD [13] and 1000 genomes project (http://
www.1000genomes.org/) to determine the pathogenic variants on
LDLR, ApoB and PCSK9 genes.

Statistical analysis

The prevalence of potential FH diagnosed by DLCN and MDLCN
were calculated as the ratio between the number of cases and the total
number of subjects. The values were expressed as mean (SD) or
median (first quartile, third quartile) for continuous variables and
numbers (percentage) for categorical variables. Patients were
categorized according to the DLCN and MDLCN and clinical
characteristics were reported in each group. Cochran-Armitage trend
test [14] was used for binary variables and Mann-Kendall trend test
[15] was used for continuous variables to determine if differences
within the DLCN or MDLCN groups were statistically significant. We
fitted a Cox proportional hazard model to assess the risk of recurrent
events after AMI, with and without adjustment for age, sex, CV risk
factors and reperfusion therapy, for DLCN and MDLCN groups,
respectively. In the first model, we adjusted only for age and sex. In the
second model, we adjusted for known CV risk factors, including age,
sex, body mass index, current smoking, hypertension, and diabetes
mellitus. In the final model, we further adjusted for reperfusion
therapy during the index hospitalization, including thrombolytic
therapy, primary percutaneous coronary intervention (PCI) and
coronary artery bypass grafting (CABG). Patients who were lost to
follow-up within 12 months were censored in the Cox model. All
hypothesis tests were 2 sided, and the significance level was set at 0.05.
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The statistical analysis was performed by SAS version 9.4 software
(SAS Institute Inc, Cary, NC, USA).

Results

Prevalence of FH by DLCN and MDLCN

FH patients were diagnosed by DLCN and MDLCN according to
published criteria summarized in Supplementary Table 1 [10]. By
DLCN criteria, we identified 27 potential FH, the prevalence was
0.80% (95% CI, 0.50%-1.10%) in all 3367 AMI patients. It
differentiated in 2572 men 0.78% (95% CI, 0.44%-1.12%) and 795
women 0.88% (95% CI, 0.23%-1.53%). Using the MDLCN criteria, we
identified 144 potential FH, the prevalence increased to 4.28% (95%
CI, 3.59%-4.96%). It was significantly lower in men 4.00% (95% CI,
3.25%-4.76%) than in women 5.16 (95% CI, 3.62%-6.69%) (Figure 1).
Compared to the whole AMI cohort, the 1062 patients with premature
MI have more than 2 times higher FH prevalence at 1.98% (95% CI,
1.14%-2.81%) by DLCN and it dramatically increased to 10.92% (95%
CI, 9.05%-12.80%) by MDLCN (Figure 1).

Prevalence of potential FH in the AMI cohort

EDLCN EMDLCN

6

4 . -

,  mm = [ i
All

Men Women

DLCN MDLCN

[¥]

Early onset

DLCN MDLCN DLCN MDLCN DLCN MDLCN

No.of FH 27 144 20 103 7 41 21 116
Total No. 3367 3367 2572 2572 795 795 1062 1062
Percent 0.80 428 0.78 4.00 0.88 5.16 1.58 10.92

Figure 1: The prevalence of potential FH diagnosed by DLCN
criteria and MDLCN criteria in China PEACE-Prospective AMI
cohort. Potential FH was defined as combining definite and
probable FH. DLCN, Dutch Lipid Clinic Network Criteria.
MDLCN, modified Dutch Lipid Clinic Network Criteria.

Clinical characteristics of FH Patients

The LDL-C distribution of either 3367 AMI patients or FH patients
with DLCN>5 was plotted in Figure 2. The mean values were 3.10 and
6.77 mmol/L, respectively. The baseline characteristics for the whole
cohort and FH subgroups were summarized in Table 1. The cohort
were divided into three FH groups: potential (definite/probable),
possible and unlikely by both DLCN and MDLCN. The median age at
admission in the whole population was 61 years. By DLCN, the
median ages were 50, 50 and 62 years in potential, possible and
unlikely FH groups, respectively. By MDLCN, they were 50, 55, 65
years in the relevant groups. Comparing the three subgroups of
potential, possible and unlikely FH, regardless of the diagnostic
criteria, the incidence of hyperlipidemia, current smoker, overweight,
personal and family history of premature CHD significantly decreased.
However, there were no significant trends in the incidence of
hypertension and heart failure by either criteria. In the three subgroups
stratified by DLCN, the LDL-C levels were 6.6, 4.2 and 2.9 mmol/L,

and by MDLCN they were 5.1, 3.7 and 2.6 mmol/L, respectively. Only
7.3% of the patients regularly used statin before the admission on AMI
and the rates of statin use among three subgroups significantly
decreased regardless of the diagnostic criteria.

Distribution of LDL

04 4 — =T T T Sz
| Dtiots with DLOH- S (HE2T)

Densty

0 2 4 & 8 i
LDL CloksterolimmollL)

Figure 2: The distribution of LDL-C level in all MI patients
comparing to FH patients (DLCN>5). LDL-C of patients on statin
therapy was corrected by multiplying 1.43.

Genetic variants in FH patients (DLCN>5)

Genetic analysis identified 11 cases with pathogenic mutations
among 24 patients for genetic testing, 10 were on LDLR and 1 on
ApoB, no mutations were found on PCSK9 (Supplementary Table 2).
Among these LDLR variants, one (c.191-2_196del) was fragment
deletion of exon3 and resulted in changes of protein sequence, and one
(c.1867dupA) was single nucleotide duplication that led to frame shift,
both of which were considered as pathogenic mutations due to their
functional impact on LDLR. The rest nine of them were point
mutations that resulted in different gene defects. The p.(Trp483”)
mutation was previously identified as one of the most common
variants in Southern Chinese population [16]. Mutations p.
(Arg595Trp), p.(Ala627Thr) and p.(Val797Met) were previously
reported in LOVD database [17] as pathogenic, and ¢.(G1586+5C) was
reported as pathogenic in a study on Taiwanese population [18]. The p.
(Cys46") mutation led to an early stop codon and a truncated LDLR
protein, thus considered as pathogenic. For p.(Gly218Cys) located on
exon4 where most pathogenic mutations were found, a different type
of mutation p.(Gly218Valfs) was identified at the same position, which
suggested the highly likely pathogenicity of p.(Gly218Cys). Similar case
was found for mutation p.(Cys302Phe), where a pathogenic mutation
p.(Cys302Tyr) was reported in LOVD. The only mutation of ApoB
(p.Arg1388His) was reported before as a likely pathogenic mutation in
population from Malaysia [19].

Outcomes among AMI patients with and without FH

During one year after the index hospitalization, among the 3349
patients who were alive at discharge, 82 patients suffered cardiac death,
68 patients had nonfatal AMI, 209 patients underwent coronary
revascularization and 24 patients experienced ischemic stroke.
Unadjusted rates of cardiovascular events were not significant between
patients with and without FH despite the diagnostic criteria. The HR
values were then adjusted for age, sex, CV risk factors and further

Atheroscler Open Access, an open access journal

Volume 2 « Issue 2 « 1000114



Citation:

Gao Y, Yin H, He Y, Wu J, Wang S, et al. (2017) Prevalence and Outcomes of Familial Hypercholesterolemia Patients in a Chinese
Myocardial Infarction Cohort. Atheroscler Open Access 2: 114.

Page 5 of 7

reperfusion therapy in a multivariable model. By DLCN only patients

of possible FH had a 1.43 (95% CI, 1.02-2.01) increased risk of

recurrent cardiovascular events compared to that in the unlikely

patients. Nevertheless, when comparing potential to unlikely FH group
by MDLCN, significantly increased risk were observed, the HR was
1.97 (95% CI, 1.21-3.21) (Table 2).

DLCN criteria

MDLCN criteria

Potential FH possible FH unlikely FH Potential FH possible FH unlikely FH

CV Events?/ 2127 43/407 287/2915 20/144 121/1364 191/1841
participants
Unadjusted HR 0.74 1.08 1.00 1.36 (0.86,2.15) 0.85 (0.68,1.07) 1.00
(95% ClI) (0.19,2.99) (0.78,1.48) (Referent) (Referent)
Model1 Adjusted HR?| 1.08 1.48 (1.05,2.08) 1.00 2.07 (1.28,3.37) 1.08 (0.85,1.37) 1.00

0,
(95% ClI) (0.27,4.37) (Referent) (Referent)
Model2 Adjusted HR® | 1.06 (0.26,4.27) 1.44 (1.02,2.02) 1.00 (Referent) 1.98 (1.21,3.22) 1.07 (0.84,1.35) 1.00 (Referent)
(95% ClI)
Model3 1.08 (0.27,4.35) 1.43 (1.02,2.01) 1.00 (Referent) 1.97 (1.21, 3.21) 1.07 (0.84,1.36) 1.00 (Referent)
Adjusted HRP
(95% ClI)

Table 2: Risks of recurrent events after AMI with respect to the presence of FH (n=3349). HR: Hazard Ratio; CI: Confidence Interval; DLCN:
Dutch Lipid Clinic Network Criteria; MDLCN: Modified Dutch Lipid Clinic Network Criteria. * CV Events were defined as the occurrence of
cardiac death, nonfatal AMI, coronary revascularization and ischemic stroke. b Model 1, adjusted for age and sex. Model 2, adjusted for age, sex
and CV risk factors including BMI, current smoking, hypertension and diabetes mellitus. Model 3, adjusted for age, sex, CV risk factors and
reperfusion therapy including thrombolytic therapy, primary percutaneous coronary intervention (PCI) and coronary artery bypass grafting

(CABG).

Discussion

This is the first study, to our knowledge, that estimated the FH
prevalence by DLCN and MDLCN criteria in a large nationwide AMI
cohort in China. The study also included identification and
characterization of Chinese FH pathogenic variants by exome
sequencing. Furthermore, the incidence of major recurrent cardiac
events (1 year follow-up) were also evaluated and compared in FH and
non-FH patients. The MDLCN has also been compared to DLCN to
explore the appropriate clinical diagnostic criteria for Chinese FH
patients.

Prevalence of FH in patients with AMI

FH patients have been reported to be enriched in CHD population
although the pravelence of FH varied significantly in different
European CHD cohort. A recent study in the Danish population
showed that 2.0% of the patients had probable/definite FH and the
number increased to 6.9% among patients with premature MI [20].
The SPUM-ACS study enrolled 4778 patients hospitalized with acute
coronary syndrome (ACS) in Switzerland, 1.6% of them had FH and
the incidence increased to 4.8% in patients with premature ACS [6].
This number was even higher in the EUROASPIRE IV cohort enrolling
7044 patients with coronary events from 24 European countries. The
study showed that 8.3% had ‘probable/definite’ FH and 15.4% in
patients with premature event [7]. In these cohort studies, the
difference in age, sex, ethnical background, and cardiovascular risk
factors, and comorbidities, severity of the disease, medications and
surgeries may all affect the prevalence estimation.

In our study, the prevalence of FH by DLCN is lower than other
studies although FH were diagnosed by both clinical phenotypes and

genetic results. Besides aforementioned reasons, one very important
factor is that LDL level distribution in Chinese is different from that in
Western populations. Data from the World Health Organization
identified the age-standardized estimate of mean total cholesterol level
at 4.5 mmol/L in Chinese population, comparing to 5.1~5.6 mmol/L in
European in 2008 [21]. According to China Nationwide Nutrition and
Health Survey 2002, the 95t centile of LDL-C among Chinese living in
small/medium size city is about 3.5 mmol/L which is equal to 5
mmol/L in MONICA [9,10,22]. Thus, Shi et al. adjusted the DLCN
definition by LDL-C to develop a fit-for-Chinese scoring system.
According to the MDLCN, the prevalence of FH in our cohort
increased significantly to 4.28% which is about 15 times higher than
that in the general population (0.28%) [10]. Gencer et al. reported that
the prevalence of FH was about 10 times higher
among patients hospitalized for ACS compared with the general
population [23]. The higher fold change in PEACE-AMI compared to
European cohorts could be due to the inclusion of genetic results in
our study.

A recent Chinese AMI cohort study reported the prevalence of FH
reached 3.9% and 7.1% in MI and premature MI by DLCN [11], which
is higher than our findings (0.80% and 1.98%). One of the reasons may
be due to the cohort selection. In our study, the participants were
enrolled from 53 hospitals across the country, including 18 secondary
hospitals located in 21 provinces in China. While the mono-center
cohort is from a specialized cardiovascular tertiary hospital admitting
more severe patients, and had much higher rate of statin treatment
than PEACE cohort (80.0% vs. 7.3%) The higher prevalence of FH
observed could also be, at least partly, explained by the high correction
factors used for the adjustment of LDL-C in a large proportion of the
cohort [11].
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Early onset of CHD is an important indicator of potential FH. The
prevalence of FH among premature CHD patients was reported
1.5-20%, which is about 3 times higher than that in the general CHD
population [6,7,11,21]. Our study also showed more than 2 times
higher incidence of FH in premature AMI patients. Screening such
patients may be an effective way to identify the index case followed by
cascade screening in family members to facilitate early identification
and treatment of FH. This strategy should be promoted especially in
areas or countries where universal screening is impracticable.

Clinical characteristics

Our findings on the FH clinical characteristics are mostly
comparable to that in Western populations. The age of onset in
potential FH is 50 by DLCN and MDLCN which is comparable to the
results from SPUM_ACS (50 years) in the Switzerland cohort [6] but is
considerably lower than that in EUROASPIRE IV study (58 years) [7].
The AMI patients with FH in our cohort were more than 10 years
younger than non-FH patients. The frequency of personal or familial
history of premature CHD and level of triglycerides were significantly
higher in the potential FH than in the unlikely group, especially when
diagnosed by MDLCN. In addition, by both DLCN and MDLCN, the
FH prevalence in women was higher than in men, which is consistant
with other studies [7].

In the present study only 7.3% patients reported statin treatment.
Even in FH patients, only 48.1% (by DLCN) and 25.0% (by MDLCN)
patients were on statin treatment, which is lower than that in the
Western cohorts [5,7]. It reflects the current status of the early
screening and management of AMI patients in China, especially when
concomitant with FH.

Clinical outcomes

Our study also for the first time reported an almost 2-fold
significantly increased risk of recurrent cardiovascular events in
potential FH patients diagnosed by MDLCN in China. Nanchen et al.
reported that patients with FH (by DLCN) had a 1.88 increased risk of
recurrent cardiovascular event in an acute coronary syndrome (ACS)
cohort after adjusted for age and sex. The ratio increased to 2.31 after
adjusted for age, sex and traditional risk factors [24]. Our findings on
the harzard ratio (1.97) were similar to Nanchen’s report only when
using MDLCN. It indicated that early identification and treatment of
AMI patients with FH by MDLCN could more effectively prevent the
recurrence of cardiovascular events after myocardial infarction.

FH diagnostic criteria in chinese population

The clincial characteristics analysis showed discontinuous trend of
some characteristics (e.g. personal and family history of premature
CHD and current smoker) in three subgroups of FH patients by
DLCN. The risk of recurrent cardiovascular events was not
significantly differentiated by DLCN either. The reason could be that
some Chinese FH patients were diagnosed “possible” by DLCN criteria
with higher LDL-C threshold. Indeed, the mean LDL-C level of 3367
Chinese myocardial infarction patient was 3.10 mmol/L. It is lower
than mean value of 3.45 mmol/L derived from a 4778 European cohort
with acute coronary syndrome [6]. Nevertheless, the current LDL-C
difference between general ethnics populations awaits large scale
epidemiology studies. The MDLCN criteria define LDL-C threshold
according to actual LDL-C distribution in Chinese population.
However, the LDL-C data for the MDLCN were from a 2002 report [9].

With the economic growth and Western-like diet being adopted over
the past decade, the population LDL-C level in China is speculated to
have increased. An ongoing epidemiology study (led by NCCD)
investigating nationwide Chinese resident LDL-C levels will give more
accurate estimation and guidance for the fit-for-Chinese diagnostic
criteria.

Limitations

The current study have several limitations. Information of physical
examination such as tendon xanthomas and corneal arcus were
unavailable. But it should have minimum impact because the majority
of heterozygote FH patients as this study normally do not have such
physical signs. Family LDL-C level was not available in this group of
patients. This could potentially lead to a slightly underestimated FH
prevalence. In addition, the correction factor 1.43 used to estimate
untreated LDL-C levels in patients using statins has not been validated
in Chinese population. However, only a few patients (7.3%) on statin
were corrected LDL-C level in the cohort. Finally, we used self-
reported information on family history of premature CHD which may
have recall bias and lead to an overestimation of FH prevalence.

Conclusion

FH is highly prevalent among patients who had CHD/AMI,
especially among patients with premature CHD. The 1 year follow-up
study demonstrated that AMI patients with FH compared to non-FH
had an almost 2-fold adjusted risk of recurrence cardiovascular events.
The cascade screening starting from a proband identified in CHD/AMI
patients could be a good strategy for early treatment and prevention.
The MDLCN has also been compared to DLCN to explore the
appropriate clinical diagnostic criteria for Chinese FH patients.
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