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Study Profile

Aim: Sitosterolemia is an extremely rare, autosomal recessive disease characterized by high plasma cholesterols 
and plant sterols because of increased absorption of dietary cholesterols and sterols from the intestine, and 
decreased excretion from biliary tract. Previous study indicated that sitosterolemic patients might be vulnerable 
to post-prandial hyperlipidemia, including high remnant-like lipoprotein particles (RLP) level. Here we evaluate 
whether a loading dietary fat increases a post-prandial RLP cholesterol level in sitosterolemic patients compared 
to heterozygous familial hypercholesterolemic patients (FH).

Methods: We recruit total of 20 patients: 5 patients with homozygous sitosterolemia, 5 patients with heterozy-
gous sitosterolemia, and 10 patients with heterozygous FH as controls from May 2015 to March 2018 at Kanazawa 
University Hospital, Japan. All patients receive Oral Fat Tolerance Test (OFTT) cream (50 g/body surface area 
square meter, orally only once, and the cream includes 34% of fat, 74 mg of cholesterol, and rich in palmitic and 
oleic acids. The primary endpoint is the change of a RLP cholesterol level after OFTT cream loading between 
sitosterolemia and FH. We measure them at baseline, and 2, 4, and 6 hours after the oral fat loading.

Results: This is the first study to evaluate whether sitosterolemia patients have a higher post-prandial RLP cho-
lesterol level compared to heterozygous FH patients.

Conclusion: The result may become an additional evidence to restrict dietary cholesterols for sitosterolemia. 
This study is registered at University Hospital Medical Information Network (UMIN) Clinical Trials Registry 
(UMIN ID: UMIN000020330).

(ABCG5) and G8 (ABCG8) genes cause sitosterol-
emia1, 11).

Recently, we reported several sitosterolemic 
patients12), including infants with extremely high 
LDL-C levels after breastfeeding13). This report indi-
cates that patients with sitosterolemia might be vul-
nerable to post-prandial hyperlipidemia, especially 
high remnant-like particle (RLP) levels. RLP levels are 
known as a rapid marker to evaluate lipid metabolism 
after diet14, 15). Also, increased RLP levels are associ-
ated with high LDL-C, endothelium dysfunction, and 
CAD16-18). Thus, this post-prandial condition may 
play an important role of plasma high LDL-C levels 
and promoteatherosclerosis for sitosterolemic patients. 

Introduction

Sitosterolemia (OMIM #210250) is an extremely 
rare, autosomal recessive disease characterized by high 
plasma plant sterols because of increased absorption of 
dietary sterols from the intestine, and decreased excre-
tion of sterols from biliary tract1). Sitosterolemic 
patients also have a higher plasma low-density lipo-
protein cholesterol (LDL-C) level, tendon xanthomas, 
premature atherosclerosis, and coronary artery disease 
(CAD)2-5), resembling familial hypercholesterolemia 
(FH)6-8). FH is mainly caused by loss-of-function vari-
ants in LDLR gene9, 10).On the other hand, inactivat-
ing variants in ATP-binding cassette transporter G5 
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We also assess the adverse effects of the test after 4 
weeks (Fig.1). Overall assessment protocol of this 
study is shown in Table 1.

We recruit sitosterolemia and FH patients from 
May 2015 to March 2018, or until the enrollments 
completed. This study is registered at University Hos-
pital Medical Information Network (UMIN) Clinical 
Trials Registry (UMIN ID: UMIN000020330).

We conduct this study in compliance with the 
Declaration of Helsinki, the Ethical Guidelines for 
Medical and Health Research Involving Human Sub-
jects, and all other applicable laws and guidelines in 
Japan. This protocol was approved by the institutional 
review board (IRB) at the Kanazawa University Hos-
pital.

Study Participants
We include the patients who meet all the inclu-

sion criteria (Table 2). Patients with either of the 
exclusion criteria are excluded from this study (Table 
3). We obtain written informed consents from all the 
study participants. For children’s participation, we 
prepare a parental consent form to obtain their paren-
tal or guardian’s permissions. These consent forms 
were approved by IRB. The study participants must 
sufficiently understand the contents of the consent 
form before his/her acceptance. It must be dated and 
signed by both the participants and investigators. We 
also inform participants that their medical care will 
not be affected if they refuse to enroll in this study. 
We store these consent forms at Kanazawa University 
Graduate School of Medicine. Participants can drop 
from this study whenever they want to discontinue 
the study.

Definitions of Diseases
Sitosterolemia diagnostic criteria19, 20):

A. Clinical diagnosis criteria:
Patients with all the following criteria:
1) Plasma sitosterol level of ≥ 10 µg/mL
2) Tendon xanthoma or xanthoma tuberosum

B. Genetic diagnosis criteria:
Loss-of-function variants in ABCG5/ABCG8 genes
B-1)   Heterozygous sitosterolemia: heterozygous 

loss-of-function variant in the genes
B-2)   Homozygous sitosterolemia (true sitosterol-

emia): True homozygous, compound hetero-
zygous, or double heterozygous loss-of-func-
tion variants in the genes

 Patients who meet both A and B-1 are defined as 
heterozygous sitosterolemia.
 Patients who meet both A and B-2 are defined as 
homozygous sitosterolemia.

However, it has not been clear whether the post-pran-
dial high RLP levels truly exist in sitosterolemia 
patients.

Here, we evaluate for the first time whether a 
loading dietary fat increases post-prandial high RLP 
levels in patients having sitosterolemia compared with 
those having FH.

Methods

Study Design
This study is a single arm, non-randomized, 

open label, uncontrolled trial. Patients with homozy-
gous sitosterolemia, heterozygous sitosterolemia, and 
heterozygous FH are enrolled. Heterozygous FH 
patients are used as controls to arrange baseline cho-
lesterol levels in this study. They receive an Oral Fat 
Tolerance Test (OFTT) cream when inclusion criteria 
are met. We then compare post-prandial plasma RLP 
cholesterol levels between homozygous sitosterolemia, 
heterozygous sitosterolemia, and heterozygous FH. 

Informed consent

Eligibility criteria check

OFTT cream loading (50 g/m2)

Blood tests

Within 4 wks

Follow up
After 4 wks

OFTT loading test

0 2 4 6 (hrs)

Sitosterolemia (or FH)

Fig.1. Scheme of this study protocol

Abbreviations: FH, familial hypercholesterolemia; hrs, hours; 
OFTT, Oral Fat Tolerance Test; wks, weeks.
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3)   Family history of FH or premature CAD within 
second-degree relatives

 Patients (＜15 years old) with all the following 
criteria:
1) Untreated LDL cholesterol level of ≥ 140 mg/dL
2)   Family history of FH or premature CAD within 

Heterozygous FH diagnostic criteria21, 22):
A. Clinical diagnosis criteria:

 Patients (≥ 15 years old) with more than or equal 
to 2 following criteria:
1) Untreated LDL cholesterol level of ≥ 180 mg/dL
2) Tendon xanthoma or xanthoma tuberosum

Table 1. Assessment and evaluation schedule of this study

Assessments
Pre-loading period
4 wks prior to test

OFTT loading test
Post-loading period

4 wks after test0 hr (loading) 2 hrs 4 hrs 6 hrs

Informed consent
Eligibility criteria check
Adverse event check
Blood pressure
Heart rate
Body weight
Blood test (lipid metabolism)

Total cholesterol
Triglycerides
HDL cholesterol
LDL cholesterol
RLP cholesterol
RLP triglyceride
Sitosterol
Lathosterol
Campesterol
ApoA-I
ApoA-II
Apo-B
ApoC-II
ApoC-III
ApoE

Blood test (CBC, Chemistry)
White blood cell
Red blood cell
Hemoglobin
Hematocrit
Platelet counts
AST
ALT
γ-GTP
BUN
Creatinine
Albumin
Uric acid
Na, K, Cl, Ca, P
High sensitivity CRP

Symptoms

x
x
 
x
x
x
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Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CBC, complete blood count; Cr, creati-
nine; CRP, C-reactive protein; γ-GTP, gamma-glutamyl transpeptidase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OFTT, 
Oral Fat Tolerance Test; RLP, remnant-like lipoprotein particle.
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OFTT Cream Loading
All patients receive OFTT cream (50 g/body sur-

face area square meter, orally only once)14, 15, 24) after a 
12-hour overnight fast, either before the lipid-lower-
ing treatment or after discontinuation of medication 
for at least 4 weeks. The cream includes 34% of fat, 
74 mg of cholesterol (341 kcal/100 g), and is rich in 
palmitic [C16:0] and oleic [C18:1] acids. 

Safety Monitoring
We check all unfavorable or unintended events/

symptoms for patients as well as study investigators 
through this study period. It does not matter if the 
events are associated with this study or not.

In terms of OFTT cream, it may cause gastroin-
testinal symptoms such as nausea, vomiting, and diar-
rhea.

Data Management
Patients’ clinical data and blood samples are 

coded with study-specific identification number. RLP 
cholesterol and apolipoproteins are measured at a cen-
tral clinical laboratory (SRL, Inc, Tokyo, Japan). 
Plasma concentrations of TC, TG, and HDL choles-
terol are determined enzymatically. LDL-C level is cal-
culated using the Friedewald equation25, 26) for those 
with triglycerides ＜400 mg/dL. If triglycerides ≥ 400 
mg/dL, plasma LDL-C level is directly measured 
(Sekisui Medical, Tokyo, Japan). We determine plasma 
sterol levels using gas–liquid chromatography–mass 
spectrometry27).

second-degree relatives
B. Genetic diagnosis criteria:

 Patients with heterozygous causative variant at the 
LDLR gene
 Patients who meet both A and B criteria are 
defined as heterozygous FH.

Loss-of-function variants are determined as vari-
ants with either of the following criteria: 1) ClinVar 
pathogenic or likely pathogenic; 2) Multiple damag-
ing score indicate damaging; or 3) Co-segregated with 
phenotype within the family of more than 4 members.

Endpoints
The primary endpoint is the changes of plasma 

RLP cholesterol levels after OFTT cream loading 
between sitosterolemia and heterozygous FH14, 15). We 
evaluate these changes by calculating area-under-the-
curves between the groups. We measure them at base-
line (before loading), and 2 hours, 4 hours, and 6 
hours after loading. The secondary endpoints are the 
changes of following indices at baseline, 2 hours, 4 
hours, and 6 hours after OFTT cream loading: plasma 
total cholesterol (TC), triglyceride (TG), high-density 
lipoprotein (HDL) cholesterol, LDL-C, non-HDL 
cholesterol, RLP triglyceride, sitosterol, lathosterol, 
campesterol, apolipoprotein A-I, apolipoprotein A-II, 
apolipoprotein-B (including B-48)23), apolipoprotein 
C-II, apolipoprotein C-III, and apolipoprotein E lev-
els.

Table 2. Inclusion criteria

We include the patients with all the following criteria:
1) Age 6 years or greater 
2) Patient who can provide written informed consent 
3) Outpatients at the Kanazawa University Hospital 

Table 3. Exclusion criteria

We exclude the patients with either of the following criteria:
1) Anemia 
2) Lactose intolerance 
3) Allergy for the contents of OFTT cream 
4) Receiving immunosuppressive therapy
5) Myocardial infarction or unstable angina 
6) Liver dysfunction (AST or ALT 100 IU/L or greater) 
7) Renal dysfunction (BUN 25 mg/dL or greater, or Cr 2.0 mg/dL or greater) 
8) Female with pregnancy or expected 
9) Patients whose doctors in charge consider him/her inappropriate to participate

Abbreviations as Table 1.
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regression if adjustments are needed.

Discussion and Conclusion

This is the first study to evaluate whether sitos-
terolemia patients have a higher post-prandial RLP 
cholesterol level compared to heterozygous FH 
patients. 

In terms of mechanisms for higher cholesterol 
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