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Abstract An open-labeled randomized trial with parallel
groups was carried out to study the effects of Diflstat®
(Monascus purpureus—Linear aliphatic alcohols—Niacin) in
the treatment of primary moderate hypercholesterolemia.
The trial lasted 8 months. The patients, males and females,
were assigned to two groups: A (#130), treated with diet, and
B (#110) submitted to diet + Diflstat®. After 4 months,
group A did not show significant changes in Total choles-
terol (TC), LDL-cholesterol (LDLC), HDL-cholesterol
(HDLC) or non-HDL-cholesterol (non-HDLC). The same
group, showed a reduction in TC (-22%), LDLC (-30%) and
non-HDLC (-27%) after 8 months (P < 0.001). After
4 months, TC (-21.3%), LDLC (-29%), and non-HDLC
(-26%) were significantly lowered in group B (P < 0.001).
In group B, TC, LDLC and non-HDLC showed a further
reduction after 8§ months: —29.4, -38 and —37%, respectively
(P < 0.001). Even triglycerides (TG) decreased signifi-
cantly (-33%) (P < 0.001). After 8 months, group B
showed a significant reduction of TG (-33%) (P < 0.001),
when compared to group A. Some safety parameters were
significantly reduced in both groups: AST and y-GT in group
A after 4 and 8 months, as well as ALT, AST and y-GT in
group B after 8 months (P < 0.001). Dif1 stat®, given with a
suitable diet, was well tolerated in the long-term and induced
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Abbreviations

LAAs Linear aliphatic alcohols
MP Monascus purpureus

N Niacin

TC Total cholesterol

LDLC LDL-cholesterol

HDLC HDL-cholesterol
non-HDLC non-HDL-cholesterol

TG Triglycerides

ATPIIL Adult treatment panel III

BMI Body mass index

Lp(a) lipoprotein (a)

CYP3A4 Cytochrome P450 3A4

ALT Alanine aminotransferase

AST Aspartate aminotransferase
yGT Gamma-glutamyl-transpeptidase
CK Creatine kinase

Background

Monascus purpureus (MP) is a fungus traditionally used in
China to produce rice wine. It induces the fermentation of
cellulose, maltose, fructose and glucose but not of sugar
cane. On the other hand, fermentation is due to two
microorganisms: MP and a kind of mold. The first one
changes starch into molecules of sugar while the second
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makes it possible to transform such molecules into alco-
hol. MP is used in China in the treatment of lipid disor-
ders. In Western countries, the use is mainly limited to the
pigmentation of meat, fish, cheese, alcoholic drinks and
cured meats [1-4]. The hypocholesterolemic efficacy of
MP was evaluated through experimental [5—8] and clinical
[9-13] trials. By acting through the direct inhibition of
3-hydroxy-3-methylglutaryl coenzymeA reductase, MP
could partially have the same effect as statins [14]. In
order to enhance agent safety by giving the lowest dose
without losing its hypocholesterolemic effect, MP was
combined with Linear aliphatic alcohols (LAAs). LAAs
show a synergic effect with MP as they induce the down-
regulation of 3-hydroxy-3-methylglutaryl coenzymeA
reductase [15]. MP and LAAs seem to have lowering
effect on cholesterol, but not on TG. Niacin (N) was added
because of its well-known hypotriglyceridemic effect. If
given in high doses, N also induces an increase in HDLC
[16, 17]. In this study Diflstat® effects have been evalu-
ated on a long-term basis in patients with primary mod-
erate hypercholesterolemia.

Aim of the Study
Experimental Design

The target of this randomized trial for parallel groups
was to evaluate the efficacy of adding MP-LAAs-N
(Diflstat®), 1 capsule/day [Composition: MP, dry extract,
200 mg (corresponding to 3 mg of mevinolin) + LAAs,
10 mg + N, 27 mg] to the treatment of patients with pri-
mary moderate hypercholesterolemia (lipoprotein pheno-
type Ila). One group (A) was treated with hypolipidemic
diet according to adult treatment panel IIT (ATPIII) criteria
[18]. In the second group (B) diet was supplemented with
Diflstat®. The study lasted 8 months.

Patients

The trial included 240 patients randomly assigned into two
groups. The first group (group A # 130) was treated with
diet only. In the second group (group B # 110) a capsule of
Diflstat® a day was added to the diet (Fig. 1). The average
patient age was 56.5 = 9 years. The average BMI was
22.3 + 8.5 kg/cm? (Table 1). All the patients were under
primary prevention with an overall coronary risk lower
than 20% according to the Framingham algorithm [19]. All
the patients were given an hypocholesterolemic diet in
accordance with ATPIII guidelines (30% of total calories
represented by lipids, less than 10% of them being satu-
rated fats, 19% of proteins, 52% of carbohydrates for a
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Patient demographics
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Fig. 1 Study design and schedule

total amount of 1,500/1,800 Kcal a day). The compliance
to the diet was assessed every 2 months by two dieticians
by way of 24-h dietary recall.
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Table 1 Patient demographics

Study groups No. of patients 240 Age BMI TO BMI T1 BMI T2
(female/male) (years & SD) (kg/m* £ SD) (kg/m* £ SD) (kg/m® £ SD)

565 +9 223 £ 85

Diet (group A) 70/60 57 £8 213 £ 10 21.0 £ 10 209+ 79

Diet plus Dif1Stat (group B) 60/50 56 £ 10 233 +7 23.0 £ 6.8 228 £7.1

P value NS NS NS NS

NS not significant

Exclusion Criteria

The subjects involved in the trial did not show clinical and
hematological evidence of hepatic, kidney or thyroid dis-
orders. There was no clinical evidence of cardiovascular
disease, hypertension, diabetes or obesity. The patients
were not taking lipid-lowering agents or drugs affecting
lipid metabolism such as: f-blockers, diuretics, and
corticosteroids.

Laboratory Methods

Clinical laboratory measurements were performed in a
certified central university hospital laboratory. Blood
samples for lipid measurements were taken from peripheral
veins after overnight fasting (12 h). Plasma TC and TG
levels were determined by enzyme assay (Cholesterol and
Triglycerides Tests TM Instrumentation Laboratory Com-
pany-Lexington, MA, USA). The plasma HDLC level was
determined with a combined immune and enzymatic assay
(HDL Cholesterol Test TM Instrumentation Laboratory
Company-Lexington, MA, USA). The plasma LDLC level
was calculated according to the formula of Friedewald:
LDLC = TC — (HDLC + TG/S) [20]. The plasma non-
HDLC level was calculated according to the following
formula: non-HDLC = TC-HDLC. Laboratory safety
parameters were determined by usual enzymatic and
chemical methods. The blood cell count was determined
with a Beckman Coulter ACT Diff. (Beckman Coulter,
S.p.A, Milan, Italy-EU).

Ethics

Informed consent was obtained from all patients, according
to the recommendations of the declaration of Helsinki
guiding physicians in biomedical research involving
human subjects. Adopted by the 18th World Medical
Assembly, Helsinki, Finland, June 1964, amended by the
29th World Medical Assembly, Tokyo, Japan, October
1975, the 35th World Medical Assembly, Venice, Italy,

October 1983, and the 41st World Medical Assembly,
Hong Kong, September 1989. The work was approved by
the ethical panel of our institution.

Statistical Analysis

Statistical analysis was performed according to parametric
tests, depending on parameters under evaluation. All
results are expressed as means = SD. Within group and
between groups differences were tested for statistical sig-
nificance using Student’s ¢ test for paired data. The percent
variation (A%) of mean lipid and lipoprotein levels in
plasma was also estimated. Patients were randomized
according to a list created by a random number generator
included in the statistical package (SPSS version 15.0—
Statistical Product and Services Solutions, SPSS Inc.,
Chicago, IL, USA).

Results

Plasma TC, LDLC, HDLC, TG, non-HDLC, ALT, AST,
yGT, CK, creatinine, urea and the fibrinogen profile at TO,
are shown in Table 2. Between groups, statistically sig-
nificant differences at baseline were not observed. Neither
significant changes in lipid nor lipoprotein levels in plasma
were observed after 4 months (T1) in group A. After
8 months (T2), significant reductions in plasma TC (A%:
-22), LDLC (A%: -30) and non-HDLC (A%: -27)
(P < 0.001) levels were observed in the same group; TG
(A%: —8.4) and HDLC (A%: —-5.5) were only slightly lower
(Table 3; Fig. 2). Table 3 and Fig. 3 show the results
obtained after Diflstat® addition to the diet in group B.
After 4 months (T1), the addition of Difl stat® to the diet
had induced a significant reduction in TC (A%: -21.3),
LDLC (A%: -29) and non-HDLC (A%: -26) (P < 0.001).
Significant differences in TG (A% :—6) and HDLC (A%:
—2) were not observed. After 8 months (T2), the change of
TC (A%: —-29.4), LDLC (A% -38), non-HDLC (A%:
-37%) and TG (A%: -33%) in plasma showed a further
increase(P < 0.001). HDLC was only slightly increased
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Table 2 Baseline (TO) plasma lipids/lipoproteins, ALT, AST, y-glutamyl transferase (y-GT), creatine kinase (CK), creatinine, nitrogen, and
fibrinogen concentrations in patients with mild hypercholesterolemia, randomized to treatment with Diet only and Diet plus DiflStat

Lipid/lipoproteins Diet (group A) TO Diet + Dif 1Stat TO P value
(mg/dL £ SD) (group B)

TC 262 £ 12 272 £ 10 NS
TG 142+ 9 146 £ 6 NS
HDLC 54 + 14 53 +£13 NS
LDLC 179.6 £+ 45 190 £ 51 NS
Non-HDLC 208 £ 15 219 £ 21 NS
ALT (UL + SD) 22+5 23 £8 NS
AST (UL £ SD) 27 £ 10 28 £9 NS
y-GT (UL £ SD) 12+ 4 11+£7 NS
CK (UL + SD) 116 £ 11 103 £ 15 NS
Creatinine (mg/dL &+ SD) 0.78 £ 6 0.8 +£38 NS
Nitrogen (mg/dL + SD) 35+£3 375 NS
Fibrinogen (mg/dL £+ SD) 292 +£ 15 290 + 14 NS

HDLC high density lipoprotein-cholesterol, LDLC low-density lipoprotein-cholesterol, 7C total cholesterol, non-HDLC non high density

lipoprotein-cholesterol, TG triglycerides, NS not significant
Differences are calculated as follows: TO versus TO

Table 3 Mean changes in plasma lipid and lipoproteins profile after 4 and 8 months treatment with Diet and Diet plus Dif1Stat

Lipid/lipoproteins Baseline (TO) 4 months (T1) Mean P value 8 months Mean P value
(mg/dL £+ SD) change (%) (T2) change (%)
Diet (group A)
TC 262 £ 12 242 £ 15 -7.6 NS 203 £ 50 -22 <0.001
TG 142 £ 9 140 £ 20 -14 NS 130 + 35 -8.4 NS
HDLC 54 £ 14 53 £ 21 -2 NS 51 £ 18 5.5 NS
LDLC 179.6 £ 45 161 £ 38 -10.3 NS 126 £ 37 =30 <0.001
Non-HDLC 208 £ 15 189 £ 13 -9.13 NS 152 £ 22 =27 <0.001
Diet plus Dif 1Stat (group B)
TC 272 £ 10 214 £ 30 -21.3 <0.001 192 £+ 23 -29.4 <0.001
TG 146 £ 6 137 £ 24 -6 NS 98 + 12 -33 <0.001
HDLC 53+ 13 52+ 12 -2 NS 54 + 15 2 NS
LDLC 190 £ 51 134.6 £ 48 -29 <0.001 1184 £+ 21 -38 <0.001
Non-HDLC 219 + 21 162 + 19 -26 <0.001 138 £ 11 =37 <0.001

HDLC high density lipoprotein-cholesterol, LDLC low-density lipoprotein-cholesterol, T7C Total cholesterol, non-HDLC non high density

lipoprotein-cholesterol, TG triglycerides, NS not significant

Differences are calculated as follows diet (group A): TO versus T1; TO versus T2. Diet plus Dif 1Stat (group B): TO versus T1; TO versus T2

(A%: +2) when compared to TO. The variation of safety
parameters in plasma in both groups is shown in Table 4. A
change in plasma profile of AST (A%: —29.6; A%: —59) and
YGT (A%: 25; A%: 33) was observed in group A after 4
(T1), and 8 (T2) months of treatment, respectively. The
above mentioned variations were statistically significant
when compared to the basal values (P < 0.001). Statisti-
cally significant reductions of ALT (A%: -21), AST (A%:
43) and yGT (A%: -33%) (P < 0.001) levels were
observed also in group B, but only after 8 months of
treatment (T2). The change of lipid and lipoprotein profile
between groups (A vs. B) after 4 (T1) and 8 (T2) months,
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is shown in Table 5, and Fig. 4. After 8 months (T2), the
addition of Diflstat® to the diet in group B had induced a
significant reduction in TG: (B) A% -33 versus (A) A%
-8.4 (P < 0.001). Side effects were not observed in either
of the groups.

Discussion
Available studies have highlighted that statins have a good

lowering effect on C-reactive protein but not on lipoprotein
(a) [Lp(a)] [21-24]. The extract of MP seems to be able to



Lipids (2009) 44:1141-1148 1145
Fig. 2 Plasma concentrations 300
of total cholesterol (7C), *
triglycerides (TG), low-density 250
lipoprotein-cholesterol (LDLC), "
high-density lipoprotein- < 200 .
cholesterol (HDLC) and non- R 150
HDLC in patients with mild £
hypercholesterolemic, baseline 100
(T0), after 4 (T1) and 8
(T2) months treatment with )
Diet. *P < 0.001

0

L LG e eSS &SR
LT ALT L & o o & o oF LT LT L & & o
TS F S S
& &

Fig. 3 Plasma concentrations 300 -
of total cholesterol (7C), *
triglycerides (TG), low-density 250 1 *
lipoprotein-cholesterol (LDLC), " *
high-density lipoprotein- B 200 1
cholesterol (HDLC) and non- :.:?3 i6h * *
HDLC in patients with mild £ | .
hypercholesterolemia values at 100 4

baseline (70), after 4 (T1) and 8
(T2) months treatment with Diet
plus DiflStat. *P < 0.001

50

AR N D
Y S
QOQ QOQ *00

N D A
NI

&0
& &

S
Qg\r

Table 4 Mean changes in plasma ALT, AST, y-glutamyl transferase (y-GT), creatine kinase (CK), creatinine, nitrogen, and fibrinogen levels
after 4 and 8 months of treatment with Diet and Diet plus Dif1Stat

Enzyme/metabolite Baseline 4 months Mean P value 8 months Mean P value
(TO) (T1) change (%) (T2) change (%)

Diet (group A)
ALT (UL + SD) 22+5 24 £ 8 9 NS 23 + 14 44 NS
AST (UL £ SD) 27 £ 10 19+£15 -29.6 <0.001 11+9 -59 <0.001
y-GT (UL + SD) 12+ 6 15+7 25 <0.001 16 +£ 12 33 <0.001
CK (UL £ SD) 116 + 11 122 + 21 5.1 NS 108 + 32 =7 NS
Creatinine (mg/dL + SD) 078 £ 6 0.70 £+ 18 -10.2 NS 0.75 £ 16 -3.8 NS
Nitrogen (mg/dL £+ SD) 35+ 13 32 +£21 -8.5 NS 34 £ 18 -3 NS
Fibrinogen (mg/dL £+ SD) 292 £ 15 287 £+ 25 -1.7 NS 294 + 36 0.68 NS

Diet plus Dif1Stat (group B)
ALT (UL %+ SD) 23 £ 8 21 £ 15 -8.6 NS 18 £ 22 -21 <0.001
AST (UL £ SD) 28+ 9 26 £ 19 =7 NS 16 £ 6 —43 <0.001
y-GT (UL £ SD) 15+7 13+12 -13 NS 10 £ 16 -33 <0.001
CK (UL + SD) 123 £ 15 110 £ 27 -10 NS 124 £ 32 0.8 NS
Creatinine (mg/dL + SD) 0.8 + 18 092 £ 11 15 NS 0.71 £ 13 -11 NS
Nitrogen (mg/dL + SD) 37+£5 31 £ 12 -16 NS 34 + 24 -8 NS
Fibrinogen (mg/dL £ SD) 290 £+ 14 294 £+ 29 13 NS 287 £ 37 -1 NS

NS not significant
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Table 5 Mean changes in lipid and lipoproteins profile after 4 and 8 months of treatment

Lipid/lipoproteins Mean change (%) Mean change (%) P value Mean change (%) Mean change (%) P value
in group A in group B in group A in group B
4 months (T1) 4 months (T1) 8 months (T2) 8 months (T2)
TC -7.6 -21.3 NS -22 -29.4 NS
TG -14 -6 NS -84 -33 <0.001
HDLC -2 -2 NS -5.5 2 NS
LDLC -10.3 -29 NS =30 -38 NS
Non-HDLC -9.13 -26 NS =27 =37 NS

HDLC high density lipoprotein-cholesterol, LDLC low-density lipoprotein-cholesterol, T7C Total cholesterol, non-HDLC non high density

lipoprotein-cholesterol, 7G triglycerides, NS not significant
Comparison between groups (Diet vs. Diet + Dif 1Stat)

Differences are calculated as follows Diet (group A) versus Diet plus Dif 1Stat (group B): T1 versus T1; T2 versus T2

[ODie: mDie: plus Dif 1 Stat]

"o w

mean change %

TC TG

LDLC HDLC non-HOLC

Fig. 4 Mean change in plasma (7'C), triglycerides (TG), low-density
lipoprotein-cholesterol (LDLC), high-density lipoprotein-cholesterol
(HDLC) and non-HDLC levels, in patients with mild hypercholes-
terolemia after 8 months (72) of treatment with Diet and Diet plus Dif
1Stat

reduce the level of Lp(a) [25]. However, the effects of
Diflstat® on the above mentioned inflammatory and lipid
parameters were not taken into account in our study. A trial
with 60 patients affected by coronary heart disease
assigned to two groups (extract of MP 1,200 mg/day vs.
placebo for 6 weeks) showed that the extract of MP can
significantly inhibit the postprandial increase of TG in
blood [26]. The effect of MP on postprandial TG is more
evident than the presence of LAAs could suggest. MP
seems to be able to reduce TG by 32, 38, and 43%, after 2,
4, and 6 h, respectively. Some authors suggested that the
effect of MP is not related only to the presence of LAAs
but probably to a synergy between the various therapeutic
agents. Some studies have demonstrated that the combi-
nation of MP, LAAs and N induces a significant decrease
of TC, LDLC and TG. Castaiio et al. [10] have carried out a
randomized, double blind, controlled trial on patients
affected by hypercholesterolemia with lipoprotein pheno-
type Ila. Two different doses of policosanol were given:
20 mg/day (# 29 patients) and 40 mg/day (# 30 patients).
After 24 weeks, the two groups showed a reduction in
LDLC of 27.1 and 28.1%, respectively. HDLC showed a
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statistically significant increase of 17.6 and 17.0%,
respectively. The LDLC/HDLC ratio changed by 37.2 and
36.5%. Lastly, TG decreased by 12.7 and 15.6%, respec-
tively. The authors concluded that their trial failed to
highlight any difference possibly related to the dosages, at
least for the cholesterol-lowering effect of policosanol. In
other words, the 40 mg/day dose given, did not demon-
strate any further significant cholesterol-lowering effect. In
the trial carried out by Cicero et al. [12] 111 patients with
low cardiovascular risk profile (<20% acc. to the Fra-
mingham algorithm) treated with Diflstat, were compared
to 20 patients taking pravastatin at low doses. The first
group showed a significant reduction in TC, LDLC and
TG, without side effects. In particular, the reduction of
LDLC was 20%; the same observed in the group with
moderate hypercholesterolemia treated with pravastatin.
An interesting meta-analysis by Chen JT highlighted the
efficacy and safety of vegetable sterols and stanols versus
policosanol in terms of taking advantage of both lipid-
lowering and anti-atherogenic effects [11]. The impact on
LDLC was evaluated as a primary endpoint in 4,596
patients belonging to 52 randomized and controlled trials.
The weighed average of the percentage differences
underlined the following variations: —11% for the vegeta-
ble sterols and stanols given at a dosage of 3.4 g/day (range
2-9 g/day; # 893 patients) in 23 trials, versus —23.7%
for policosanol given at a dosage of 12 mg/day (range
5-40 mg/day; # 1,528 patients). The differences in both
groups versus the placebo group were statistically signifi-
cant. The absolute decrease in LDLC was higher in
the group treated with policosanol: -24 versus —10%
(P < 0.0001). The activity of policosanol was also more
pronounced on TC, HDLC and TG, inducing a significant
improvement in the LDL/HDL ratio. The authors con-
cluded that not only policosanol, but also vegetable sterols
and stanols were effective and safe. However, policosanol
showed a greater LDLC-lowering effect. A multicenter,
randomized, double-blind controlled trial versus placebo
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carried out by Berthold HK on 143 patients with hyper-
cholesterolemia, was reported in 2006 [13]. The patients
had levels of LDLC > 150 mg/dL with no one or only 1
cardiovascular risk factor, or with a documented coronary
heart disease, or with baseline levels of LDLC between 150
and 189 mg/dL and two or more cardiovascular risk fac-
tors. The patients were treated with policosanol at dosages
of up to 80 mg/day. They were assigned to five groups, and
the figures analyzed according to the intention-to-treat
statistical model. The study failed to demonstrate a
decrease of LDLC greater than 10% compared to the val-
ues at the baseline. Moreover, TC, HDLC, TG, Lp(a) and
the LDLC/HDLC ratio did not demonstrate statistically
significant change. The authors concluded that policosanol
given at a usual or higher dose, failed to show any sub-
stantial effect in terms of reduction of lipids and lipopro-
teins in plasma compared to the patients on placebo. In our
study, the administration of Dif1 stat® with a controlled diet
induced a significant decrease in plasma of TC, LDLC,
non-HDLC and TG, in patients with moderate hypercho-
lesterolemia compared to those treated only with the diet.
Interestingly, the diet had positive effects on both groups
(A and B). The result regarding the reduction in choles-
terolemia in group A after 4 months, goes beyond every
possible expectation considering that the control group
underwent only dietetic treatment. Nevertheless, it is nec-
essary to observe that the patients were extremely moti-
vated by the investigators and the dieticians who
administered the 24-h dietary recall, strongly stimulating
the connection with diet. There was much insistence on the
modification of life-style and dietary habits. A preventive
operation on the consumption of alcoholic beverages was
also carried out. The above mentioned recommendations
and a hypocaloric diet—1,500/1,800 kcal/day—containing
cholesterol equal to 200 mg/day, achieved not only the
reduction in the plasmatic concentration of cholesterole-
mia, but also a discreet ponderal reduction, although not
statistically significant. The reduction in weight also con-
tributed to the hypolipidemic effects of the diet. The
patients did not have any input concerning the consumption
of functional foods, neither from doctors nor dieticians.
Moreover, the good result obtained is likely attributed to
the detailed operation put into direct action to modify life-
style and above all, dietary habits. As reasonably expected,
Diflstat® had better results in terms of reduction of lipids
and lipoproteins, and particularly of TG, when both groups
were compared after 8 months of treatment. Difl stat®, in
association with a suitable diet, was well tolerated in the
long-term and induced an anti-atherogenic plasma profile
of lipids and lipoproteins in patients with moderate
hyperlipidemia.

It is to be emphasized that up to now, only one patient
treated with cyclosporine after a kidney transplantation

developed a modest asymptomatic rhabdomyolysis while
taking MP [27]. However, it is well known that cyclo-
sporine enhances the cytotoxicity of many drugs by
strongly inhibiting the liver CYP3A4 enzymatic system. It
will be interesting to study the effect of Diflstat® with a
longer administration (>1-2 years) to definitely assess if it
may be considered as a valuable lipid-lowering agent for
primary prevention of cardiovascular risk, or if it may be
preferably used as a therapeutic alternative for statin-
intolerant patients with moderate hypercholesterolemia,
[28], or not.
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