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Background. Familial hypercholesterolemia (FH) is a genetic disorder characterized by high levels of low-density lipoprotein
cholesterol (LDL-C). Because of underdiagnosis, acute coronary syndrome (ACS) is often the first clinical manifestation of FH.
In Japan, there are few reports on the prevalence and diagnostic ratios of FH and the proportion of ACS among FH patients in
clinical settings. Methods. This retrospective, observational study used anonymized data from electronic healthcare databases
between April 2001 and March 2015 of patients who had ≥2 LDL-C measurements recorded after April 2009. The index date
was defined as the date of the first LDL-C measurement after April 2009. The primary endpoint was the prevalence of definite
or suspected FH; secondary endpoints included the proportion of FH patients hospitalized for ACS, the proportion of patients
using lipid-lowering drugs (LLDs), and LDL-C levels. Results. Of the 187,781 patients screened, 1547 had definite or suspected
FH (0.8%) based on data from the entire period; 832 patients with definite (n = 299, 0.16%) or suspected FH (n = 533, 0.28%)
before the index date were identified in the main analysis cohort. LLDs were used in 214 definite FH patients (71.6%) and 137
suspected FH patients (25.7%). Among definite or suspected FH patients with ACS (n = 84) and without ACS (n = 748), 32.1%
and 30.1% with definite FH and 3.2% and 2.4% with suspected FH had LDL-C levels < 2:6mmol/L (<100mg/dL), respectively.
Sixty patients (7.2%) were hospitalized due to ACS at the index date. Conclusions. The prevalence of FH in this Japanese cohort
of patients with ≥2 LDL-C measurements at hospitals was 0.8%, which is higher than that currently reported in epidemiological
studies (0.2–0.5%). Patients with suspected FH, with or without ACS, had poorly controlled LDL-C levels and were
undertreated. The proportion of FH patients who were hospitalized due to ACS was 7.2%.

1. Introduction

Familial hypercholesterolemia (FH) is an autosomal domi-
nant genetic disorder with heterozygous and homozygous
forms [1]. The underlying cause of FH is a mutation in the
gene for the low-density lipoprotein (LDL) receptor or its

related genes, such as the genes encoding apolipoprotein B
and proprotein convertase subtilisin/kexin-type 9 (PCSK9)
[1]. The prevalence of FH varies from study to study. A sys-
tematic review and meta-analysis of 19 studies reporting the
prevalence of FH found that 1 in 250 people in the general
population has this condition [2]. The prevalence of FH in
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Japan was estimated at between 1 in 200 (0.5%) and 1 in 500
people (0.2%) [3–5].

The principal driver of coronary artery disease (CAD)
in FH patients is elevated LDL cholesterol (LDL-C) [6],
with a 13-fold increase in the risk of CAD in those not on
lipid-lowering drugs (LLDs) [7]. Early diagnosis of FH is
necessary for therapy to be effective in reducing the risk
of premature CAD [1, 8]. According to the Japan Athero-
sclerosis Society (JAS) 2017 guidelines, in the absence of
secondary hyperlipidemia, fulfilment of ≥2 of the following
criteria in patients ≥ 15 years old is diagnostic of FH: hyper-
LDL-cholesterolemia (untreated LDL-C of ≥4.7mmol/L
[≥180mg/dL]); tendon xanthomas on the back of the
hands, elbows, or knees, or Achilles tendon hypertrophy
or xanthoma tuberosum; or family history of FH or prema-
ture CAD (in second-degree relatives of the patient) [4].
The guidelines also mention that a diagnosis of FH should
be strongly suspected in patients with LDL-C levels of
≥6.5mmol/L (≥250mg/dL) [4], as only 5% of these patients
do not have FH [9]. Genetic testing is recommended to
confirm the diagnosis of FH in this population [4].

Underdiagnosis of FH is a globally recognized issue [10].
For most undiagnosed FH patients, acute coronary syn-
drome (ACS) is the first clinical manifestation [11]. It is
important to have an early and accurate diagnosis of FH in
patients with ACS in order to decide whether aggressive
lipid-lowering treatment is necessary. Therefore, we sought
to assess the prevalence of FH in Japanese patients and to
determine the proportion of FH patients who required hospi-
talization due to ACS. In addition, we studied the use of LLDs
and their effectiveness in this population.

2. Methods

2.1. Data Source. This was a retrospective observational study
using anonymized information on patient demographics,
drug prescriptions, comorbidities, and laboratory parameters
from cases reported between April 1, 2001, and March 31,
2015 (Supplementary Figure 1). The data were combined
from two electronic health record (EHR) databases, the
nationwide database developed by the Nomura Research
Institute, Ltd. in 2001, which includes data from 70 state
and private Japanese hospitals (12 facilities with 1–99 beds,
27 with 100–299 beds, 11 with 300–499 beds, 16 with 500–
899 beds, and 4 with ≥900 beds), and the database of the
Teikyo University Hospital (Tokyo, Japan). Patients were
informed regarding the study and had the right to request
that their data should not be used in this study (opt-out
style of informed consent).

2.2. Patients. Patients with ≥2 LDL-Cmeasurements between
April 1, 2009, and March 31, 2015, were identified from the
EHR databases. The index date was defined as the date of
the first LDL-C measurement during this time period. Based
on the index LDL-C measurement, patients were categorized
into the following five groups: <1.8mmol/L (<70mg/dL),
≥1.8 to <2.6mmol/L (≥70 to <100mg/dL), ≥2.6 to
<3.6mmol/L (≥100 to <140mg/dL), ≥3.6 to <4.7mmol/L

(≥140 to <180mg/dL), or ≥4.7mmol/L (≥180mg/dL) group
based primarily on the JAS guidelines [4].

The overall prevalence of FH was based on the number of
patients with definite or suspected FH at any time during the
entire period between April 1, 2001, and March 31, 2015.
Patients with a confirmed diagnosis of FH by a physician,
using diagnosis records from the EHR databases, were con-
sidered to have definite FH. The remaining patients with ≥1
measured LDL-C level ≥ 6:5mmol/L (≥250mg/dL), as per
the 2017 JAS guidelines [4], were considered to have sus-
pected FH (FH prevalence cohort). The main study cohort
included all patients with definite or suspected FH (per defi-
nitions above) prior to the index date (Figure 1).

From this main cohort, patients with comorbid ACS were
defined as any patient who had experienced ≥1 ACS between
April 1, 2001, and the index date plus 90 days or March 31,
2015, whichever is earlier (Supplementary Figure 1). Among
those identified with comorbid ACS, the “hospitalization
for ACS cohort” was the subset of patients hospitalized for
ACS at the index date.

Comorbidity burden was assessed in the main study
cohort between April 1, 2001, and the index date plus 90 days
or March 31, 2015, (whichever is earlier) for the six diseases
outlined in the Charlson Comorbidity Index (CCI), includ-
ing CAD, hypertension, diabetes mellitus (DM), noncardio-
genic stroke, peripheral artery disease (PAD), and diabetic
microangiopathy [12]. The diagnosis of these conditions
was based on physician’s discretion. LLD use was defined as
prescription of an LLD within 90 days prior to the index date.

2.3. Endpoints. The primary endpoint of the study was to
determine the prevalence of FH (both definite and suspected)
in the overall patient population. Secondary endpoints
included (1) the diagnostic ratio of definite FH to all FH (def-
inite+suspected), (2) the proportion of patients with FH who
were hospitalized for ACS, (3) the proportion of patients with
FH using LLDs, (4) the LDL-C levels among patients with FH
with and without ACS, and (5) the LDL-C levels of patients
according to LLD use.

2.4. Statistical Analysis. Demographic and clinical character-
istics of patients were summarized using descriptive statis-
tics. Median and interquartile range were calculated for
continuous variables, and absolute and relative frequencies
were calculated for categorical variables.

The prevalence of FH was calculated as the sum of the
number of patients with a definite diagnosis of FH and the
number of patients with suspected FH, divided by the total
number of patients. The proportion of FH patients with
ACS was calculated as the number of patients with hospi-
talization due to ACS divided by the number of patients
with FH, including definite and suspected, before the
index date.

Data collection and creation of analysis datasets were
performed using R version 3.2.3, and all statistical analy-
ses were performed using SAS 9.4 (SAS Institute Inc.,
Cary, NC), and P values < 0.05 were considered statisti-
cally significant.
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3. Results

3.1. FH Prevalence. A total of 187,781 patients had ≥2 LDL-C
measurements, and 1547 of these patients had definite or sus-
pected FH between April 1, 2001, and March 31, 2015. The
prevalence of FH, including both definite and suspected
FH, was 0.8% (n = 1547/187,781).

3.2. Patient Characteristics and the Proportion of Patients
Hospitalized due to ACS. A total of 832 patients with definite
(n = 299, 0.16% of all patients) or suspected FH (n = 533,
0.28% of all patients) prior to the index date were identified
(Table 1). The diagnostic ratio of definite FH was 35.9%
(n = 299/832). Of the 832 patients, 84 had comorbid ACS
and 60 patients had been hospitalized for ACS at the index
date. Among FH patients, the proportion of patients hospi-
talized due to ACS was 7.2% (n = 60/832).

Women comprised 34.5% of patients with comorbid ACS
(n = 29) and 55.7% of patients without comorbid ACS
(n = 417). The median age of patients with or without comor-
bid ACS was 63.0 years and 60.0 years, respectively, and
LLDs were being taken by 71.4% and 38.9% of patients,
respectively. CAD, hypertension, and DM were the most
common comorbidities both in patients with (95.2%,
76.2%, and 70.2%, respectively) and without (24.1%, 40.4%,
and 46.4%, respectively) comorbid ACS.

3.3. LDL-C Levels. Among patients with a definite diagnosis
of FH and comorbid ACS, 11.3% (n = 6/53) had LDL-C
levels < 1:8mmol/L (<70mg/dL), as defined by the 2017
JAS guidelines [4], whereas among patients with suspected
FH and comorbid ACS (n = 31), none had LDL-C levels <
1:8mmol/L (<70mg/dL) (Figure 2(a)). A similar pattern
was observed in patients with definite FH (n = 20/246,
8.1%) and suspected FH (n = 4/502, 0.8%) who did not have
comorbid ACS (Figure 2(b)).

3.4. LDL-C Levels according to LLD Use. LLD use was
recorded in 71.6% (n = 214/299) of patients with definite
FH and 25.7% (n = 137/533) of patients with suspected FH.

Among patients with comorbid ACS, 48.4% (n = 15/31) of
patients with suspected FH used LLD compared with 84.9%
(n = 45/53) of patients with definite FH (Table 1).

Among patients with suspected FH and ACS, those who
were taking LLDs had better control of LDL-C levels com-
pared with those who were not (Figure 3(a), Supplementary
Table 1). In patients without ACS, control of LDL-C levels
was poorer in patients with suspected FH than in those
with definite FH (Figure 3(b), Supplementary Table 4). On
the other hand, there was little difference in LDL-C levels
between patients who were and were not taking LLDs
among those with definite FH and no comorbid ACS.

Among overall FH patients with comorbid ACS, those
who were taking LLD, regardless of sex or age (<65 or ≥ 65
years), had better control of LDL-C levels compared with
those who were not (Figure 3(a), Supplementary Tables 1–
3). Among overall FH patients without comorbid ACS,
those who were taking LLD regardless of sex or age (<65 or
≥ 65 years) also showed better control of LDL-C levels
(Figure 3(b), Supplementary Tables 4–6).

4. Discussion

To the best of our knowledge, this was the first study to assess
the prevalence of definite or suspected FH, the proportion of
FH patients hospitalized due to ACS, and associated manage-
ment practices in a large sample of in- and outpatients
treated in clinical settings in Japan. This study used anon-
ymized data from 187,781 patients, and the data from the
FH prevalence cohort were used to estimate the prevalence
of FH more accurately. This is considered to have prevented
the omission of diagnosed cases due to the lack of data such
as LDL-C levels. The results show that the prevalence of FH
between 2001 and 2015 was 0.8% (1 in 125 individuals). This
value was higher than previous estimates in Japan, such as 1
in 200–500 [3, 5], but similar to the 0.73% (1 in 137) geneti-
cally determined prevalence reported in Denmark [7]. A sys-
tematic review and meta-analysis of 19 studies conducted in
various countries reported that the prevalence of FH in the

Figure 1: Patient flow. ACS: acute coronary syndrome; FH: familial hypercholesterolemia; LDL-C: low-density lipoprotein cholesterol.
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general population was 0.4% (1 in 250 individuals) [2]. One
potential reason for higher prevalence in the present study
could be differences between our study population and the
general population. Participants of the present study were
in- or outpatients with ≥2 LDL-C measurements who were
likely to have cardiovascular risk factors or clinical disease
severe enough to warrant specialist assessment. However,
the results of this study may be more useful for physicians
and other healthcare professionals than population-based
studies, because they treat similar patients in routine clinical
practice. Another potential reason for the higher prevalence
of FH in the current study population could be the use of dif-
ferent diagnostic criteria. Previous studies mainly relied on
DNA analysis to establish the diagnosis of FH and reported
lower estimates for the prevalence of FH compared with
studies that used LDL-C measurements (0.40% vs. 0.45%)
[2]. Whereas, in the present study, the diagnosis of FH was
based on JAS diagnostic criteria for FH [4, 9].

In the present study, 7.2% of patients who had FH at the
index date were hospitalized for ACS. Even though this figure
is a proportion value, not prevalence, it could be deemed to
be a reference value for the prevalence of ACS in patients
with FH. The prevalence of ACS in patients with FH also
depends on risk factors for ACS, such as increased age,
hyperlipidemia, hypertension, diabetes, smoking, obesity,
and lack of exercise [13]. To our knowledge, no study has
examined the prevalence of ACS in patients with FH,
although the prevalence of FH in patients with ACS has been
reported in several previous studies. For example, in a study
of 4778 Swiss patients with ACS, 1.6% (n = 78) had proba-
ble/definite FH (Dutch Lipid Clinic Network score > 5)
[11]. The prevalence of genetically confirmed FH was 8.7%
(n = 9) in a study that included 103 patients with ACS who
were aged ≤65 years and had LDL-C levels ≥ 4:1mmol/L
(≥160mg/dL) [14]. In a study of 296 Japanese patients with
ACS, the prevalence of FH was 5.7% based on JAS criteria
[15]. EXPLORE-J was another study conducted in 1944 Jap-

anese patients with ACS to assess the prevalence of FH using
JAS criteria. It reported that 2.7% (n = 52) of patients in this
population had FH [16]. Although the prevalence of FH in
patients with ACS varied widely, it was much higher than
that in the general population, highlighting the importance
of lipid level control in the prevention of cardiovascular dis-
eases. ACS is a serious condition with a high rate of mortality
[17], and its prevalence has been increasing in Japan over
recent decades. For example, according to the MIYAGI-
AMI registry, the incidence of acute myocardial infarction
in the Miyagi prefecture of Japan increased significantly from
7.4 to 27.0 per 100,000 person-years between 1979 and 2008
(P < 0:001) [18]. The prevalence of dyslipidemia, as well as
hypertension and diabetes, also increased significantly
(P < 0:01) [18]. Therefore, it is important to identify modifi-
able risk factors, such as FH, early and treat them effectively
to reduce the risk of ACS and its associated sequelae.

Although it is important for patients with FH to achieve
target LDL-C values to prevent or delay the development of
ACS [19], 37% of the FH patients with comorbid ACS in
the present study had suspected FH, but without a confirmed
diagnosis despite having abnormally high LDL-C levels. In
addition, LDL-C control in patients with suspected FH was
poor regardless of the presence of ACS, and patients with def-
inite FH had better LDL-C control with much higher rates of
LLD use. This study analyzed LDL-C data between April 1,
2009, and March 31, 2015. At that time, the target LDL-C
level was <2.6mmol/L (<100mg/dL), as recommended by
earlier versions of the JAS guidelines, but the proportion of
patients with suspected FH who achieved target LDL-C levels
was still poor, even considering the previous target level
(definite FH with ACS: 32.1% [n = 17/53]; suspected FH with
ACS: 3.2% [n = 1/31], respectively). Similar results have been
reported in patients with suspected FH (LDL-C threshold:
≥4.9mmol/L [≥190mg/dL]) in another Japanese study [20].
The mean LDL-C was 3.4mmol/L (131.3mg/dL) in patients
with suspected FH who were receiving statins and

Table 1: Demographic and clinical characteristics of definite and suspected FH patients with and without ACS prior to index date.

Definite FH (n = 299) Suspected FH (n = 533) Total (n = 832)
With ACS
(n = 53)

Without ACS
(n = 246)

With ACS
(n = 31)

Without ACS
(n = 502)

With ACS
(n = 84)

Without ACS
(n = 748)

Female sex, n (%) 16 (30.2) 130 (52.8) 13 (41.9) 287 (57.2) 29 (34.5) 417 (55.7)

Median age, years (IQR) 64.0 (21.0) 61.0 (19.0) 63.0 (14.0) 59.0 (21.0) 63.0 (19.0) 60.0 (20.0)

Taking LLDs, n (%) 45 (84.9) 169 (68.7) 15 (48.4) 122 (24.3) 60 (71.4) 291 (38.9)

Previous hospitalization due to
ACS, n (%)

36 (67.9) 0 24 (77.4) 0 60 (71.4) 0

Comorbidity, n (%)

CAD 50 (94.3) 88 (35.8) 30 (96.8) 92 (18.3) 80 (95.2) 180 (24.1)

Hypertension 45 (84.9) 108 (43.9) 19 (61.3) 194 (38.6) 64 (76.2) 302 (40.4)

DM 40 (75.5) 113 (45.9) 19 (61.3) 234 (46.6) 59 (70.2) 347 (46.4)

Noncardiogenic stroke 12 (22.6) 30 (12.2) 3 (9.7) 54 (10.8) 15 (17.9) 84 (11.2)

PAD 14 (26.4) 23 (9.3) 3 (9.7) 21 (4.2) 17 (20.2) 44 (5.9)

Diabetic microangiopathy 8 (15.1) 44 (17.9) 4 (12.9) 87 (17.3) 12 (14.3) 131 (17.5)

ACS = acute coronary syndrome; CAD= coronary artery disease; DM= diabetes mellitus; IQR = interquartile range; LLD = lipid-lowering drug;
PAD= peripheral artery disease.
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Figure 2: LDL-C levels in patients with definite and suspected FH in (a) patients with ACS and (b) patients without ACS. ACS: acute coronary
syndrome; FH: familial hypercholesterolemia; LDL-C: low-density lipoprotein cholesterol.
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Figure 3: LDL-C levels in patients with definite and suspected FH according to whether or not they were using LLDs in (a) patients with ACS
and (b) patients without ACS. FH: familial hypercholesterolemia; LDL-C: low-density lipoprotein cholesterol; LLD: lipid-lowering drug.
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4.1mmol/L (157.9mg/dL) in patients who were receiving
non-statin LLDs. LDL-C levels were <3.4mmol/L
(<130mg/dL) in 39.3% of patients with suspected FH [20].
Although these results cannot be compared directly with
our findings because of the different criteria used to catego-
rize LDL-C levels in the two studies, together they highlight
a treatment gap in patients with suspected FH.

Among FH patients overall, those who were taking LLDs,
regardless of sex or age (<65 or ≥65 years) or the presence or
absence of comorbid ACS, had better control of LDL-C levels
compared with those who were not taking LLDs. In the clin-
ical setting, administration of LLDs may be more likely to be
postponed in premenopausal women, which may affect their
LDL-C levels. However, the proportion of women who were
taking or not taking LLDs showed little difference in FH
patients with comorbid ACS (33.3% and 37.5%, respectively)
and in FH patients without comorbid ACS (58.8% and
53.8%, respectively). In addition, since the median age of all
patients was around 60.0 years, the proportion of premeno-
pausal women was not high. Therefore, we concluded that
there was little influence of sex on LLD prescription bias.
LLD administration may also be postponed in elderly
patients due to the risk of polypharmacy and declining renal
function. The median age of LLD users and non-LLD users
was 62.0 and 68.5 years, respectively, among FH patients
without comorbid ACS and 60.0 and 59.0 years, respectively,
among FH patients with comorbid ACS. Therefore, some
influence of age on LLD prescription bias may exist among
FH patients without comorbid ACS.

In the present study, the proportion of patients who used
LLDs was much lower in patients with suspected FH than in
those with definite FH (25.7% vs. 71.6%). The fact that
patients on LLDs have been shown to have better control of
LDL-C levels, regardless of whether they have a history of
ACS, and that patients with suspected FH have been found
to have low proportions of LLD usage, emphasizes the
importance of a timely FH diagnosis in controlling LDL-C
levels. Taken together, these findings highlight the need for
more proactive diagnosis and management of FH before
patients develop clinical cardiovascular disease, as recom-
mended in current JAS guidelines [4].

The results of this study regarding LDL-C control during
treatment are comparable with those observed in previous
studies. Treated LDL-C levels were notably higher than target
levels (<2.6mmol/L [<100mg/dL]) in the SAFEHEART reg-
istry (3.0–4.2mmol/L [116.0–162.1mg/dL]) [21] and in the
CASCADE-FH study (3.5mmol/L [134mg/dL]) [22].

Recent guidelines recommend more stringent targets
and aggressive therapy for FH patients. The 2017 JAS guide-
lines introduced a new target LDL-C level of 2.6mmol/L
(100mg/dL) for primary prevention and 1.8mmol/L
(70mg/dL) for secondary prevention [4]. The guidelines rec-
ommend starting treatment with a statin at themaximum tol-
erated dose and/or combining a statin with ezetimibe, and if
the response is not sufficient, a PCSK9 inhibitor and/or resin
and/or probucol should be used [4]. On the other hand, the
2018 Japanese Circulation Society Guidelines on Diagnosis
and Treatment of Acute Coronary Syndrome recommends
administering strong statins at the maximum tolerated dose

[23]. In patients with a diagnosis of FH, lipid-lowering treat-
ment may be started according to the JAS guidelines [4], but
in patients without diagnosis, there is a risk of lack or delay
of appropriate intervention.

This study had several limitations, including a lack of
data from community-based hospitals, inability to ascertain
additional relevant data such as family history of FH, history
of premature CAD, socioeconomic status, lifestyle-related
risk factors, treatment adherence, and potential variations
in LDL-C levels based on methodology and measurement
errors. Furthermore, as this was a study of in- and outpa-
tients treated in clinical settings at hospital, the prevalence
of comorbid disease was expected to be higher than in the
general population. The results of this study may be more
useful for application to clinical practice than population-
based studies. In addition, there was a lack of information
on whether genetic analyses were implemented to diagnose
FH, the definition of “definite FH” was based only on the
physician’s diagnosis, and the of “suspected FH” was based
on ≥1 LDL-C measurement of ≥6.5mmol/L (≥250mg/dL)
as per the 2017 JAS guidelines [4]. As a result, it is possible
that the number of patients in our FH cohort may have been
overestimated and included some patients with similar clini-
cal manifestations, including those with secondary hyperlip-
idemia. Comparing the results of the present study with those
from others, especially non-Japanese, should be approached
with caution due to inconsistencies in FH diagnostic criteria
between the JAS guidelines [4], the Dutch Lipid Clinic Net-
work criteria [24], the Simon Broome system criteria [25],
the Make Early Diagnosis-Prevent Early Death criteria [26],
and others.

5. Conclusion

The results of the present study show that the prevalence of
FH in this Japanese cohort of patients with ≥2 LDL-C
measurements at hospitals was 0.8%, which is higher than
its currently reported prevalence in epidemiological studies
(0.2–0.5%). In addition, the proportion of patients with FH
who were hospitalized due to ACS was notably high (7.2%).
Patients with suspected FH, with or without ACS, had poorly
controlled LDL-C levels and were undertreated. Therefore,
improving the diagnostic ratio of FH is important to channel
patients to receive appropriate treatments and subsequently
have controlled LDL-C levels. Early diagnosis of FH and
more aggressive lipid-lowering treatment have the potential
to address this issue.
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