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A B S T R A C T

The hypothesis that treatment with phytosterols in patients with nonalcoholic fatty liver

disease (NAFLD) may increase circulating endothelial progenitor cells (EPCs) levels was tested

in the study. Forty patients with an abdominal ultrasonographic diagnosis of NAFLD were

randomly assigned to phytosterols powder treatment at 1.8 g/day for 4 weeks (n = 20) or a

control group, with crossover to the alternate therapy for another 4 weeks after a 2-week

wash-out period. Flow cytometry with quantification of EPC markers in peripheral blood

samples was used to assess circulating EPC levels. Phytosterols treatment significantly de-

creased levels of low-density lipoproteins, fasting glucose, and hemoglobin-A1C. Treatment

with phytosterols in patients with NAFLD markedly suppressed high sensitivity C-reactive

protein concentrations, and enhanced superoxide dismutase, as compared to baseline. We

also showed that administration of phytosterols significantly increased the insulin-like growth

factor-1 concentrations (change from baseline of 22.47%, P < 0.0001; 18.49%, P = 0.0002). More-

over, intake of phytosterols significantly enhanced circulating EPC levels (CD34+, CD34+KDR+,

CD34+KDR+CD133+, all P < 0.05) in NAFLD patients. Taken together, 4-week treatment with

phytosterols in NAFLD patients significantly increased circulating EPC levels, and these find-

ings provide a new strategy in treating patients with NAFLD.
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a highly prevalent
condition characterized by fatty infiltration of liver cells. The
clinical manifestations of NAFLD resemble those of alcohol-
induced liver injury, but NAFLD occurs in patients who do not
abuse alcohol (Adams & Angulo, 2005). Epidemiological reports
have indicated that the prevalence of NAFLD is generally
between 10 and 40% in various populations, and it is also the
most common cause of abnormal results in liver function tests
(el-Hassan, Ibrahim, al-Mulhim, Nabhan, & Chammas, 1992;
Fan et al., 2005; Lonardo, Bellini, Tartoni, & Tondelli, 1997). Clini-
cal studies have shown that NAFLD, a hepatic manifestation
of the metabolic syndrome, is strongly associated with obesity,
insulin resistance, enhanced systemic inflammation, ad-
vanced atherosclerosis, and also increased cardiovascular
disease risk (Chiang, Huang, Chan, Chen, & Leu, 2010; Després
et al., 2008; Kotronen & Yki-Jarvinen, 2008; Sung, Ryan, & Wilson,
2009; Tarantino, Saldalamacchia, Conca, & Arena, 2007).

The National Cholesterol Education Panel (Expert Panel On
Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults, 2001) has established dietary therapy as the corner-
stone of strategies to lower low density lipoprotein cholesterol
(LDL-C) levels and reduce the risk of coronary artery disease
(CAD). Recent studies have proposed that some functional foods
may have beneficial effects on the treatment and prevention
of NAFLD (Chou, Chang, Hung, Chen, & Chiu, 2013; Peng et al.,
2013; Zang, Shimada, Kawajiri, Tanaka, & Nishimura, 2014). Plant
stanols and sterols (phytosterols) are a group of compounds
that are found in plant-based foods such as nuts, fruits, seeds,
and vegetable oils (Ostlund, 2002). Their lipid-lowering effect
is mediated by competitive inhibition of cholesterol absorp-
tion and by transcriptional induction of genes implicated in
cholesterol metabolism in both enterocytes and hepatocytes
(Calpe-Berdiel, Escolà-Gil, & Blanco-Vaca, 2009). Gylling et al.
(2013) reported that lowering LDL and non-HDL cholesterol
levels with plant stanol ester consumption for 6 months reduced
arterial stiffness in small arteries in a symptomless cohort of
adults. Pharmacological effects of phytosterols on endothe-
lial function determined by flow-mediated dilatation have been
evaluated in several clinical studies but with controversial con-
clusions (Gylling et al., 2009; Hallikainen et al., 2006; Raitakari
et al., 2008). Recent observations from animal and human
studies have demonstrated anti-inflammatory effects of phy-
tosterols (Othman & Moghadasian, 2011). However, whether
treatment with phytosterols could be part of the therapeutic
lifestyle and alter future cardiovascular events remains unclear.

Accumulating evidence suggests that the injured endothe-
lial monolayer is regenerated by circulating bone marrow
derived-endothelial progenitor cells (EPCs) (Werner et al., 2002).
Reduced circulating EPC numbers independently predict pro-
gression of atherosclerotic disease and future cardiovascular
events, suggesting a pivotal role of endogenous vascular repair
by EPCs in modulation of the clinical course of CAD (Hill et al.,
2003; Lee, Lee, Yoo, Asahara, & Kwon, 2013). Our recent data
showed that NAFLD patients had decreased circulating EPCs
number and function, which suggests dysfunctional EPC may
be one of the mechanisms to explain atherosclerotic disease
progression and enhanced cardiovascular risk in patients with

NAFLD (Chiang et al., 2012). However, the therapeutic effect of
phytosterols on circulating EPC levels in patients with NAFLD
remains unclear. In this study, we investigated the effects of
phytosterols on circulating EPC numbers in patients with
NAFLD, and clarified the possible mechanisms by determina-
tion of insulin resistance, systemic inflammation, nitric oxide
(NO), and antioxidant capacity.

2. Methods

2.1. Study population

We recruited patients from outpatient department of cardio-
vascular, metabolic and family division of China Medical
University Hospital between January 2012 and August 2012 who
were undergoing lipid management, or receiving hyperten-
sion or diabetes medical prescription. The presence of NAFLD
was identified from ultrasonographic findings. Abdominal ul-
trasonography was performed by two experienced
gastroenterologists, who were blind to the clinical presenta-
tion and laboratory findings (Chiang et al., 2012). Subjects were
excluded from the study on the basis of the following crite-
ria: (1) presence of serological markers of hepatitis B virus
(hepatitis B surface antigen) and hepatitis C virus infection (anti-
HCV antibody); (2) presence of autoimmune liver disease or
alcoholic liver disease (alcohol intake more than 20 g per day
by using a questionnaire); (3) presence of malignant dis-
eases, or (4) clinical evidence of unstable angina, myocardial
infarction, congestive heart failure, valvular heart disease, in-
flammatory disease, or thyroid dysfunction. Totally, 51
consecutive patients were initially screened, and dietary in-
formation was carefully investigated. Five patients taking statins,
fibrates, ezetimibe, niacin, red yeast rice, fish oils, or oral an-
tidiabetic drugs were excluded, and six patients gave up because
of personal reasons. At last, 40 patients with a diagnosis of
NAFLD were enrolled as the study group.

Medical history, including information about conven-
tional cardiovascular risk factors (smoking, hypertension,
diabetes mellitus, hyperlipidemia, peripheral artery disease, and
chronic kidney disease), previous cardiovascular events (myo-
cardial infarction and cerebrovascular disease), and current
drugs treatment was obtained by personal interview and from
medical files. Diagnosis of metabolic syndrome was based on
the definition proposed by the National Cholesterol Educa-
tion Program Adult Treatment Panel III (Expert Panel On
Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults, 2001). Hypertension was defined as a systolic blood
pressure ≥140 mm Hg, or a diastolic blood pressure ≥90 mm Hg,
or use of antihypertensive treatment. Diabetes mellitus (DM)
was defined according to World Health Organization (WHO) cri-
teria. Smokers were classified as former only if they had not
smoked for more than 6 months. Body mass index (BMI) was
calculated by dividing the weight of the patient in kilograms
by the square of the height in meters.

2.2. Study design and ethics statements

This study was a prospective, randomized, diet-controlled, open-
label, cross-over clinical trial, in which 40 NAFLD subjects were
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