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Background: The incidence of hyperlipidemia in children is increasing in Japan, but drug therapy for such chil-
dren is limited. The ingestion of 4% phytosterols-containing diacylglycerol (PS/DAG) decreases serum total
cholesterol and low density lipoprotein cholesterol (LDL-C) concentrations in adults. In the present study, we
examined the effect of PS/DAG as part of a diet therapy in pediatric patients with hyperlipidemia. Methods:
Pediatric patients with hyperlipidemia with > 5.18mmol/L (200 mg/dL) serum total cholesterol and/or
>1.70mmol/L (150 mg/dL) triglycerides (N = 22) ingested bread containing PS/DAG (total daily intake, 10g)
for 6 months. Blood chemistry was examined prior to and 2, 4, 6 months after the initiation of ingestion, and 4
months after the ingestion period. Results: No significant differences in energy intake or cholesterol intake
during the study period were found. After 4 months of ingestion of PS/DAG, LDL-C, lipoprotein(a) [Lp(a)],
free fatty acids and total ketone bodies decreased significantly. In seven patients with familial hypercholes-
terolemia, total cholesterol and remnant-like lipoprotein particles (RLP)—cholesterol also significantly de-
creased in addition to LDL-C and Lp(a). Conclusions: PS/DAG improves serum lipid metabolism in pediatric
patients with hyperlipidemia for whom drug therapy is limited, suggesting that PS/DAG may reduce the risk of
developing various diseases induced by hyperlipidemia.
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Introduction

The relation between pediatric hyperlipidemia and arterio-
sclerosis has attracted attention for several decades in
America, and countermeasures for hyperlipidemia in chil-
dren have been published by the National Cholesterol
Education Program (NCEP) in 1992. The suggested coun-
termeasures, based on low density lipoprotein cholesterol
(LDL-C) levels, are education on hyperlipidemia and diet
therapy when the LDL-C values are 110-129 mg/dl, and
diet therapy when the values are >130 mg/dL, with LDL-C
< 110 mg/dL as the goal. '

In the Bogalusa Heart Study, the formation of arterio-
sclerotic lesions started in childhood, and was strongly
correlated with serum total cholesterol, LDL-C, and
triglyceride levels. > The causes of hyperlipidemia in chil-
dren are similar to those in adults, but familial or hereditary
factors are more likely in children. Familial hyperlipide-
mia includes familial hypercholesterolemia (FH), and has a
prevalence of 1 in 500 worldwide. LDL-C in patients with
heterozygous FH reaches values that are 2- to 3-fold higher
than that in healthy individuals, and the risk of ischemic
heart disease is high. *

Therapies for hyperlipidemia in children are mainly diet
therapy and exercise therapy because drug therapy is

limited in such subjects. Dietary intervention and positive
changes in lifestyle are the main recommended treatments
for children with hyperlipidemia. The recommended diet is
usually based on restriction of total and saturated fat and
dietary cholesterol intake, but is insufficient to lower cho-
lesterol levels into the desired target range. The NCEP
recommends drug therapy for children older than 10 years
for whom diet therapy fails to reduce high LDL-C levels. '
However, the use of HMG CoA reductase inhibitors, or
statins, is controversial in children, and is related to con-
cerns regarding long-term safety, cost-effectiveness, and
efficacy in term of reducing clinical disease or events,
although there are now several studies that document the
effectiveness of lipid lowering and short-term safety. *°
Many plant oils contain small amounts of phytosterols,
which decrease serum cholesterol. Phytosterols inhibit the
absorption of cholesterol in the small intestine by compet-
ing with cholesterol for the formation of bile acid
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micelles. '>"*  Since phytosterols are almost insoluble in

water and oil, their application has been limited. Thus far,
Pelletier et al., showed that 700mg/day of phytosterols
mixed with butter fat lowered serum cholesterol in nor-
mocholesterolemic subjects. '*

In addition, Hendriks et al also reported that a spread
containing 830 mg /day of phytosterols had a cholesterol
lowering effect in normocholesterolemic and mildly hy-
percholesterolemic subjects. '° These reports demonstrate
the efficacy of phytosterols at low doses.

Recently, Meguro et al. reported that mayonnaise con-
taining 500 mg/day of phytosterols dissolved in diacyl-
glycerol (DAG) lowered serum cholesterol levels. °

DAG oil is used for cooking as a substitute for triacyl-
glycerol (TAG) oil. Recent studies have suggested that,
after digestion and absorption in the small intestine, DAG
oil is not readily re-synthesized to triglycerides in animals,
718 “and suppresses postprandial increases in serum
triglyceride levels ' and remnant-like lipoprotein parti-
cles (RLP) % in humans. It has also been found that DAG
oil suppresses the accumulation of visceral fat and de-
creases body weight compared to TAG oil with the same
fatty acid composition. *'** In the meantime, DAG is a
better solvent for phytosterols than TAG. Dissolved phy-
tosterols are more effective in decreasing serum choles-
terol levels because they might be more likely to be in-
corporated in bile acid micelles. ****

In the present study, pediatric patients with hyperlipi-
demia ingested 4% phytosterols-containing diacylglycerol
(PS/DAG), which decreases serum cholesterol levels in
adults, and the efficacy and safety of PS/DAG were in-
vestigated by examining serum lipid parameters.

Materials and Methods

Subjects

The subjects were 22 female and male children with hy-
perlipidemia with >5.18mmol/L (200 mg/dL) serum total
cholesterol and/or >1.70mmol/L (150 mg/dL) triglyc-
erides who were outpatients of the Department of Pediat-
rics, Fussa Hospital (Fussa, Tokyo), Department of Pedi-
atrics, National Saitama Hospital (Wako, Saitama), and
Department of Pediatrics, Ohtawara Red-Cross Hospital
(Ohtawara, Tochigi).

There were 11 girls and 11 boys aged 6 to 17 years
(mean age: 10 years old). Eleven patients had one parent
with hyperlipidemia, 7 patients had type Ila hyperlipide-
mia, and 9 patients were obese children with a Rohrer
index of >160. **

In addition, seven patients were definitively diagnosed
with FH. The criteria for FH according to Mabuchi et al.
is hypercholesterolemia accompanied by a tendon xan-
thoma, or someone with first degree kinship hypercholes-
terolemia accompanied by a tendon xanthoma. *° In their
study, the mothers of five patients had tendon xanthoma,
and the mothers of two patients had mutations in the LDL
receptor gene. >/

Preparation of test oil

The DAG oil (1,3-DAG and 1,2-DAG isomers in a ratio
of 7:3, with less than 10% total fatty acids comprised of
TAG) was prepared by esterifying glycerol with fatty
acids from soybean oil and rapeseed oil using Brigitte’s

Table 1, Glycerides and fatty acids of experimental oil

Glycerides %
Triacylglycerol 17.2
1(or 3), 2-Diacylglycerol 27.1
1,3-Diacylglycerol 55.0
Monoacylglycerol ND

Fatty acids %
C16:0 2.5
C18:0 0.7
C18:1 28.0
C18:2 61.0
C18:3 7.5
C20:0 0.1
C20:1 0.1
C22:0 0.1

Table 2. Plant sterols in experimental oil

beta-Sitosterol (g) 1.78
Stigmasterol (g) 1.16
Campestertol (g) 1.01
Brassicasterol(g) 0.1
Total(g) 4.05

method . The glyceride and fatty acid compositions of

DAG are shown in Table 1. The composition of the
phytosterols used in this study is shown in Table 2.
These phytosterols were dissolved at a concentration of
4% in DAG and the resulting product was used as the test
oil (PS/DAG).

Clinical study

The study was performed in accordance with the principles
of the Helsinki Declaration. Prior to the study, informed
consent was obtained from the subjects and their parents,
and the institutional review board approved the study.
Although this study was single-armed clinical test, to keep
a certain blind for the subjects (children), the test oil was
directly provided to the parents who used it daily for
cooking. The parents were instructed to record the con-
tents of meals and snacks in diets for three or more con-
secutive days before the start of the study, and blood sam-
pling and anthropometric measurements were performed
in a morning fasting state immediately before the study.
The Rohrer index was calculated from body weight and
height.

The parents of the subjects prepared bread containing
PS/DAG (10 g/day) using a baking machine. The parents
were instructed to record a diet diary from 3 days before
the test day and to avoid changes in dietary content and
amount of exercise. Blood sampling in a fasting state and
anthropometric measurements were performed every 2
months for 6 months, and for 4 months after completion
of the study. Girth at the navel level (waist) and maximal
girth at the gluteal region (hips) were measured.

Measurements

The serum and plasma were analyzed by Mitsubishi Ka-
gaku Bio-Clinical Laboratories Inc., Tokyo, Japan. Serum
lipids and glucose were measured using standard enzyme
methods, aspartate aminotransferase (AST) and alanine
aminotrasferase (ALT) were measured by the UV method,
gamma- glutamyl transpeptidase (GTP) was measured by
the enzyme activity measurement method, insulin was
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Table 3. Characteristic of subjects

No. Sex Age (year) Height (cm) Weight (kg) Waist (cm) Hip (cm) Rohrer index
1 M 11 146 41.0 65.0 76.0 131
M 11 153 65.5 87.6 93.0 181
3 M 7 130 43.5 78.1 77.2 214
47 M 9 135 42.0 76.5 80.5 171
5+ M 11 145 73.0 96.0 105.0 238
67 M 13 156 64.0 80.4 87.3 168
7 M 11 121 22.0 50.7 59.0 126
8 M 11 137 39.5 69.7 77.5 154
9 M 12 158 63.5 86.5 93.6 160
10 M 14 167 76.5 94.4 96.0 163
11 M 9 126 24.5 55.2 63.0 123
12F F 11 145 41.0 67.7 79.5 136
137 F 9 141 28.5 58.0 67.5 102
14 F 7 115 20.0 47.0 61.1 133
15% F 8 120 20.8 49.5 59.5 122
16 F 7 124 22.0 59.0 59.0 115
17% F 5 108 18.0 453 552 141
18 F 11 143 59.1 93.0 96.5 201
19 F 9 141 333 62.0 73.6 119
20 F 7 131 37.7 75.0 78.0 168
21 F 17 141 34.6 60.0 82.0 124
22 F 12 142 33.6 58.0 77.0 117
FH subjects (n=7) are denoted by { marks
Table 4. Changes in anthropometric parameters
Baseline 2 month 4 month 6 month +4 month
Height (cm) 138+14.8 138+£14.7** 140+£14.9%* 141£14.7** 143£15.8**
(100) (101£0.5) (102+0.8)* (103+0.9)** (104£1.3)%*
Weight (kg) 41.1£18.2 41.7£18.1%* 43.5419.2%* 44.1£19.2%* 47.0£21.0%**
(100) (102+£2.7)** (106+2.7)** (108+3.3)** (113+4.5)%*
Waist (cm) 68.8+16.0 68.9+£15.4 68.7+15.8 68.7+£15.3 71.3£16.3
(100) (100+3.4) (99.8+4.2) (100+5.4) (103+5.7)
Hip (cm) 75.3+14.7 75.4+13.8 76.6£15.6* 78.1£15.2%%* 80.0+£15.5%*
(100) (10143.8) (102+3.2)* (10443.5)%* (106+3.9)**
Rohrer index 150+34.0 149+32.6 151+£33.2 150+33.7 152+35.1
(100) (99.7£2.9) (101+£3.8) (100+3.5) (99.443.6)

Values are mean +SD (n=22); Significantly different from the initial value: *<0.05, **<0.01; Percentage of the initial value is

shown in parentheses.

measured by enzyme immunoassay, » plasma plasmino-
gen activator inhibitor-1 (PAI-1) was measured by en-
zyme immunoassay according to the method of Declerck
et al., ** and leptin was measured by radioimmunoassay.
I RLP-C was measured using the method of Nakajima et
al. **  Serum sitosterol, campesterol, and lathosterol,
were measured by gas liquid chromatography using the
method of Gylling et al. **

Statistical analysis

The measurement items are presented as the mean =+
standard deviation (SD), and the rates of change, desig-
nating the initial values as 100% in individual subjects,
were calculated as the mean + SD. Statistical analyses
were performed using SAS Version 8.2 (SAS Institute Inc,
Cary, NC, USA). In the analysis of the diets, the data
were fitted into a linear model using SAS, and analyzed
by ANOVA. The measured values before and after the
initiation of the study were analyzed using Wilcoxon’s
test. A P value of less than 0.05 was considered to be
significant.

Results

Changes in anthropometric values

Table 4 shows changes in anthropometric parameters.
Height and body weight increased with time after the ini-
tiation of the study. Hip size also significantly increased
after ingestion for 4 months. Waist size and the Rohrer
index, however, did not change significantly during the
study period.

Diet analysis

Table 5 shows changes in food intake. Changes in food
intake during the study period were fitted to a linear
model using SAS and analyzed by ANOVA. Lipids and
carbohydrates tended to increase for 6 months after the
start of ingestion, but there were no significant changes in
energy intake or the intake of protein, lipids, carbohy-
drates, dietary fibers, and cholesterol during the study
period.

Changes in serum lipids and total ketone bodies
Table 6 shows changes in serum lipids. There were no
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Table 5. Changes in nutrient intake

Baseline 2 months 4 months 6 months +4 months
Protein (g) 69.7+12.1 69.3£12.3 69.8+7.0 68.8+11.7 69.6+11.7
Lipid (g) 67.9+18.2 56.7£11.3 65.7£16.2 70.7£22.7 69.1£21.8
Carbohydrate (g) 257+38.0 264+40.4 256+36.3 274+52.7 275+52.6
Fiber (g) 10.5+£2.9 12.242.6 12.1£2.3 12.4+1.5 11.242.6
Cholesterol (mg) 317+108 268+53.3 287+81.0 285+110 284+85.7
Total Energy (MJ) 8.24+1.35 7.91+1.24 8.12+1.14 8.60+1.81 8.61+1.24

Values are mean £SD (n=22)

significant changes in total cholesterol after the initiation
of the study in any of the patients, but a subclass analysis
of patients with FH revealed that total cholesterol was
significantly lower than the initial value after ingestion
for 4 months.

LDL-C was significantly lower than the initial value
after ingestion for 4 months in all patients (Figure). A
>10% decrease was observed in patients with FH. LDL-C
was significantly higher 4 months after completion of the
ingestion period than at the completion of the ingestion
period. In contrast, there was no significant change in
HDL-C after the initiation of the study.

RLP-C did not change significantly after the initiation
of the study. RLP-C was significantly lower than the
initial value after ingestion for 6 months in patients with
FH, and was significantly higher 4 months after the com-
pletion of the ingestion than at the completion.

Lathosterol reached a peak after ingestion for 2 months,
then decreased with time. The initial value and the level
after initiation of ingestion tended to be higher in FH pa-
tients than in all patients.

Lipoprotein(a) [ Lp(a) ] was significantly lower two
and 4 months after ingestion compared to the initial value
for all patients, and the level was still significantly lower
4 months after completion of the ingestion period (Figure).
The rate of change was greater in FH patients than in all
patients.

There was no significant change in serum triglycerides
after the initiation of the study.

Free fatty acids tended to increase for 2 months after
ingestion and thereafter decreased, and the value was sig-
nificantly lower than the initial value after ingestion for 4
months. The value was still significantly lower 4 months
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after completion of the ingestion period.

Total ketone bodies were lower during the ingestion
period than the initial value, and significantly lower after
ingestion for 4 months.

Changes in blood glucose, insulin, PAI-1, leptin, and
liver function

Table 7 shows changes in blood glucose, insulin, PAI-1,
leptin, and liver function (AST, ALT, and gamma-GTP).
Blood glucose levels did not change after the initiation of
the study in any patient. In FH patients, however, blood
glucose levels were significantly lower than the initial
value, and significantly lower 2 months after starting the
ingestion period.

Insulin and leptin levels did not change during inges-
tion. PAI-1 were significantly increased 2 months after
the ingestion, but were clinically within the standard
ranges.

AST was significantly lower after ingestion for 6
months compared to the initial value, and was further
significantly decreased 4 months after completion of the
ingestion period. ALT was significantly transiently higher
2 months after ingestion compared to the initial value in
FH patients, but decreased thereafter. gamma-GTP began
to decrease significantly after 4 months of ingestion, and
in FH patients, the value was significantly lower com-
pared to the initial value after ingestion for 6 months. The
value was significantly increased 4 months after comple-
tion of the ingestion period compared to that at the end of
the ingestion period.

Changes in serum phytosterols
Table 8 shows changes in serum phytosterols. Sitosterol

Lp(a)

020 * *% *

Baseline 2 months 4 months 6 months +4 months

PS/DAG Follw-up

Figure. Changes in serum LDL-cholesterol and Lp(a) during and after ingestion of PS/DAG. Significantly
different from the initial value: *p<0.05, *p<0.01; Significantly different from the value after completion of

ingestion: #p<0.05
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Table 6. Changes in serum concentrations of lipids

Baseline 2 months 4 months 6 months +4 months
All FH All FH All FH All FH All FH
T-Cholesterol (mmol/L) 5.88+1.01 6.76+1.32 5.93+1.32 6.50+1.55 5.75+0.98 6.35+1.40% 5.70+0.88 6.14£1.27 5.75+1.24 6.81+1.74#
(100) (100) (101£8.3) (96.0+10.4) (97.9+9.7) (93.8+4.2)* (97.2+8.5) (91.3£9.4) (97.5£9.7) (10010.6)
LDL-C(mmol/L) 3.81+1.24 4.90+1.50 3.83+1.09 4.64+1.48 3.57+1.11% 4.35+].42% 3.73+1.24 4.53+1.63 4.07+1.50# 5.28+1.94#
(100) (100) (103£10.6)  (94.6+10.0) (95.4+14.6) (88.544.9)*  (99.1£15.5) (91.9+15.6) (107+15.8)# (107+12.9)#
HDL-C (mmol/L) 1.58+0.52 1.48+0.21 1.58+0.54 1.37+0.26 1.61+0.49 1.42+0.34 1.61+0.57 1.45+0.31 1.50+0.41 1.48+0.23
(100) (100) (102+14.8)  (91.8+11.1) (103+14.7) (95.749.4) (101£11.5) (96.9+9.3) (98+15.4) (100+11.6)
RLP-C(mmol/L) 0.1740.06  0.16+0.02 0.1840.10 0.210.12 0.16+0.07 0.16+0.04 0.1840.19 0.12+0.02* 0.18+0.05 0.20+0.06#
(100) (100) (112+40.8) (126+59.4) (102+28.9) (94.2+19.1) (107461.5) (76.948.5) * (117441.2) (12431.1)#
Lathosterol (umol/L) 8.5543.11 10.9+11.7 9.84+5.96 14.0+8.55 8.81+4.66 11.7+5.18 6.99+3.11%* 8.81+2.85% 7.77+3.11 9.07+3.11*
(100) (100) (116+37.8) (122+54.4) (106+34.8) (105£30.5)  (85.8+27.7)*  (81.9+17.8)* (98.9+60.8) (78.6£16.0) *
Lp(a) (g/L) 0.1740.19  0.11+0.10 0.15+0.17* 0.08+0.07 0.15+0.17%* 0.09+0.08* 0.1620.19 0.100.01 0.1540.16* 0.09+0.08
(100) (100) (93£22.5)*  (84.3+14.5) (88+18.6)* (83.4+14.5)* (92425.4) (91.2422.8) (9328 .4) (90.6+27.7)
Triglyceride (mmol/L) 1.27+0.72  0.94%0.29 1.38+0.85 1.56+1.02 1.33+0.87 1.21+0.75 1.29+1.22 0.85+0.31 1.32+0.64 1.18+0.70
(100) (100) (120+62.0) (157+78.8) (108+43.2) (124+51.2) (101+41.9) (91.74£21.1) (121+64.4) (124+47.8)
Free fatty acids (mmol/L) 0.74£0.18  0.82+0.15 0.74+0.20 0.86+0.24 0.60£0.18%* 0.67+0.24 0.60£0.17* 0.57+0.13* 0.60£0.21%* 0.56+0.24*
(100) (100) (105+31.2) (107433.5)  (83.8425.0)**  (84.3%34.4)  (853+£28.1)*  (72.5+22.2)*  (84.1£26.3)* (67.6£23.9) *
T-Ketone bodies (pmol/L) 86+64 92+55 88+96 77+95 4734 66+52 48+30* 53+44 73493 71111
(100) (100) (96.2475.3)  (73.5+45.1) (72.0+42.6) * (77.7+52.1) (84.7+65.9) (63.4+35.6) (107+113.6) (83.8+119.4)

Values are mean £SD (n=22, FH subjects n=7); Significantly different from the initial value: *<0.05, **<0.01; Significantly different from the value after completion of ingestion: #<0.05; Percentage of the initial value
is shown in parentheses.
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Table 7. Changes in glucose, insulin, PAI-1, leptin, and liver function

Baseline 2 months 4 months 6 months +4 months
All FH All FH All FH All FH All FH
Glucose (mmol/L) 5.00£0.33  5.00+0.33 4.77+0.44 4.61+0.56* 5.00+0.44 4.83+0.33 5.05+0.44 5.05+0.39 5.11+0.44 4.83+0.28#
(100) (100) (96.0+10.9) (91.6£9.1)* (101+£10.0) (96.9+6.3) (102+9.6) (101£7.5) (103+12.3) (96.9+4.9) #
Insulin (pmol/L) 70.1£50.4  72.9+58.3 78.5+72.9 93.1£105.6 74.3+42 4 62.5+33.8 72.2445.1 62.5+50.2 84.0+50.4 85.4+72.9
(100) (100) (114+44.3) (113+52.4) (123+59.1) (94.8+25.4) (119+53.8) (91.6£32.9) (140+£73.0) ** (116+31.7)
PAI-1(mg/L) 22413 20+16 29:420%* 36+£26* 23+11 24+13 23+15 18+15 23420 17+13
(100) (100) (157£146.5) ** (229+244.5) * (121£64.9) (146+83.5) (121+89.2) (92.5+45.2) (126+180.3) (91.3+49.1)
Leptin (mg/L) 9.15£6.84  10.1+8.70 9.75+6.94 11.5+8.60 9.80+7.16 11.1+8.30 8.80£6.82 9.40+7.40 8.82+5.79 9.70+6.10
(100) (100) (111433.7) (114+£37.8) (113+30.0) (112+30.6) (105+40.4) (95.1£26.7) (103+27.1) (108+33.7)
AST(IU/L) 27+11 30+18 27+10 3315 27+10 32+15 25+10%* 29+15 25+] [** 28+15
(100) (100) (102+16.0) (114+16.5) (99.9£15.9) (109+16.3) (94.1£18.9) (98.2£12.6) (92.7£9.9) ** (94.3+8.9)
ALT(TU/L) 21+14 19+14 21+12 24+14%* 20+11 21+15 18+12 19+16 19+16 19+19
(100) (100) (109+32.5) (136+41.5)* (103+28.7) (114£36.4) (94.4+30.8) (94.7£11.2) (92.1x22.8) (92.3£17.8)
gamma-GTP(IU/L) 28+42 4773 26+31 4152 25+33* 40+58 224D7* 34+46* 25+33# 39+£57#
(100) (100) (104+24.8) (104+18.7) (94.5+17.5) (90.7+£12.2) (89.4+19.2)*  (81.6+8.5)* (96.5+21.2)# (94.3+11.7)#

Values are mean £SD (n=22, FH subjects n=7); Significantly different from the initial value: ¥*<0.05, **<0.01; Significantly different from the value after completion of ingestion: #<0.05; Percentage of the initial
value is shown in parentheses.

Table 8. Changes in serum concentrations of plant sterols

Baseline 2 months 4 months 6 months +4 months
All FH All FH All FH All FH All FH
Sitosterol (umol/L) 8.92+4.34 9.64+3.62 9.16+4.10 9.64+3.13 9.88+4.34 11.3+4.34 8.92+4.10 9.16£3.13 7.71+£3.86 9.16+3.86
(100) (100) (111+£37.0) (101+12.7) (124+62.0) (120+29.2) (112+58.0) (96.4+16.6) (96.7+43.8) (99.2+17.6)
Campesterol (umol/L)  17.8+8.00 20.8+7.75 19.8+£7.25* 21.8+6.50 21.34£9.00** 25.0+9.75 18.8+7.50 21.3+£6.50 16.0+£9.00 17.3+6.25*
(100) (100) (119+30.0) * (107+16.5) (129+45.5) ** (1214£25.8) (114+41.0) (105+24.6) (95.8+38.0) (86.6+12.1)*

Values are mean £SD (n=22, FH subjects n=7); Significantly different from the initial value: *<0.05, **<0.01; Percentage of the initial value is shown in parentheses.



46 Effect of phytosterols in diacylglycerol

and campesterol were significantly increased for 4 months
after ingestion compared to the initial values, but de-
creased thereafter. In FH patients, the peaks were higher
than those in all patients, but the rates of decrease there-
after were markedly greater in FH patients. Changes in
serum phytosterols were clinically within the standard
ranges in the present study.

Discussion

The efficacy of PS/DAG as part of a diet therapy was
investigated in children with hyperlipidemia for whom
drug therapy is limited. Meguro et al. confirmed the effi-
cacy of PS/DAG in adults '®, and in the present study, a
similar efficacy in children was found without any effects
on growth. Phytosterols are more soluble in DAG than
in TAG due to the structural characteristics of DAG. Me-
guro et al. investigated the effects of phytosterols dis-
solved in DAG and phytosterols dispersed in TAG on
serum cholesterol concentrations, and reported that total
cholesterol and LDL-C were significantly lower in the
DAG group than in the TAG group '°.

In the present study, LDL-C was decreased in children,
similar to adults. In addition, Lp(a) was significantly
decreased, which was not observed in adults. Lp(a) is
hereditarily controlled in many cases, and is less likely to
be affected by food and drugs. Although a drug contain-
ing nicotinic acid, niceritrol, has been reported to de-
crease Lp(a), its mechanism of action is considered to be
a decrease in Lp(a) synthesis in the liver, rather than the
promotion of catabolism. ** Teramoto et al. recently re-
ported that 3-month ingestion of DAG reduced the mount
of abdominal fat and Lp(a) in free-living hemodialysis pa-
tients. > There has been no report of a decreasing in Lp(a)
induced by phytosterols, and so the reduction of Lp(a)
Tients. ** There has been no report of a decreasing in Lp(a)
induced by phytosterols, and so the reduction of Lp(a)
observed in the present study might be occurred by DAG.
However, further studies will be required to clarify the
mechanism of the reduction. In the general population,
high Lp(a) levels as well as LDL-C have been associated
with an increased incidence of atherosclerosis cardiovas-
cular risk. ** Although not demonstrated, it is assumed
that the reduction in these parameters is important to re-
duce cardiovascular risk.

A separate analysis of FH patients was performed. Be-
cause LDL-C is congenitally very high in FH patients,
atheroma formation occurs at an early stage. >’ Thus,
serum cholesterol concentrations should be controlled
beginning in early childhood, but it is difficult to restrict
the diet of growing children. Becker et al. administered
phytosterols to children with FH, and reported that sitos-
terol and sitostanol markedly decreased serum cholesterol
levels. ** Gylling et al. esterified sitostanol for application
in margarine. " The dissolution of phytosterols in DAG,
not by esterification, permits their application to various
food products, and an amount of phytosterols smaller than
that previously reported was found to be effective in FH
patients.

The cholesterol-lowering effect was higher in FH pa-
tients than for all patients. The characteristics of FH pa-
tients in this study were a high initial value of a typical
cholesterol precursor, lathosterol, and the levels of serum

sitosterol and campesterol were slightly higher than those
in all patients. Naoumova et al. reported that cholesterol
synthesis ability is higher in FH patients than in non-FH
patients. ** Moreover, Gylling et al. reported that the
LDL-C-lowering effect of sitostanol is greater in FH pa-
tients with a high lathosterol concentration. * Tilvis et al.
noted that because the serum campesterol concentration
was significantly positively correlated with the amount of
cholesterol absorption, the effect of phytosterols was
higher in patients with a high concentration of campesterol.
* The greater reduction of cholesterol in FH patients ob-
served in the present study is consistent with these reports.
The present study demonstrated the effectiveness of
PS/DAG on lipid metabolism in children with hyperlipi-
demia even though the small-sized trial. Further large scale
studies with randomised double blind manner would be
conducted for the precise evaluation.

In the DELTA-1 study, Ginsberg et al reported that the
Step 1 diet, advocated by the American Heart Association,
the NCEP, and the American Diabetes Association,
gradually increased Lp(a) levels, although it reduced total
and LDL cholesterol levels. *' PS/DAG decreased serum
cholesterol by phytosterols and Lp(a) by DAG without
strict dietary restrictions in children with hyperlipidemia,
for whom drug therapy is limited, indicating that PS/DAG
as part of diet therapy may reduce the risk of developing
various diseases induced by hyperlipidemia.

References

1. American Academy of Pediatrics. National Cholesterol
Education Program: Report of the expert panel on blood
cholesterol levels in children and adolescents. Pediatrics
1992; 89: 525-584.

2. Bao W, Srinivasan SR, Valdez R, Greenlund KJ, Wat-
tigney WA, Berenson GS. Longitudinal changes in car-
diovascular risk from childhood to young adulthood in
offspring of parents with coronary artery disease: The
Bogalusa Heart Study. JAMA 1997; 278: 1749-1754.

3. Goldstein JL, Hobbs HH, Brown MS. Familial hypercho-
lesterolemia. In: Scriver CR, Beaudet AL, Sly WS, Valle
DS, Eds. The metabolic and molecular bases of inherited
diseases, 7" edn. New York: McGraw-Hill Book Co, 1995;
1981-2030.

4. Ducobu J, Brasseur D, Chaudron JM, Deslypere JP, Har-
vengt C, Muls E, Thomson M. Simvastatin use in children.
Lancet 1992; 339: 1488.

5. Sinzinger H, Schmid P, Pirich C, Virgolini I, Pesau B,
Granegger S, O'Grady J. Treatment of hypercholesterol-
aemia in children. Lancet 1992; 340: 548-549.

6. Lambert M, Lupien PJ, Gagne C, Levy E, Blaichman S,
Langlois S, Hayden M, Rose V, Clarke JT, Wolfe BM,
Clarson C, Parsons H, Stephure DK, Potvin D, Lambert J.
Treatment of familial hypercholesterolemia in children
and adolescents: effect of lovastatin: Canadian Lovastatin
in Children Study Group. Pediatrics 1996; 97: 619-628.

7. Couture P, Brun LD, Szots F, Lelievre M, Gaudet D, De-
spres JP, Simard J, Lupien PJ, Gagne C. Association of
specific LDL receptor gene mutations with differential
plasma lipoprotein response to simvastatin in young
French Canadians with heterozygous familial hypercho-
lesterolemia. Arterioscler Thromb Vasc Biol 1998; 18:
1007-1012.

8. Stefanutti C, Lucani G, Vivenzio A, Di Giacomo S. Diet
only and diet plus simvastatin in the treatment of het-



T Matsuyama, K Shoji, H Takase, | Kamimaki, Y Tanaka, A Otsuka, H Watanabe, T Hase and I Tokimistu 47

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

erozygous familial hypercholesterolemia in childhood.
Drugs Exp Clin Res 1999; 25: 23-28.

Stein EA, Illingworth DR, Kwiterovich PO Jr, Liacouras
CA, Siimes MA, Jacobson MS, Brewster TG, Hopkins P,
Davidson M, Graham K, Arensman F, Knopp RH, Du-
Jovne C, Williams CL, Isaacsohn JL, Jacobsen CA,
Laskarzewski PM, Ames S, Gormley GJ. Efficacy and
safety of lovastatin in adolescent males with heterozygous
familial hypercholesterolemia: a randomized controlled
trial. JAMA 1999; 281: 137-144.

Mattson FH, Volpenhein RA, Erickson BA. Effect of plant
sterol esters on the absorption of dietary cholesterol. J
Nutr 1977; 107: 1139-1146.

Mattson FH, Grundy SM, Crouse JR. Optimizing the ef-
fect of plant sterols on cholesterol absorption in man. Am
J Clin Nutr. 1982; 35: 697-700.

Grundy SM, Ahrens EH Jr. The interaction of cholesterol
absorption and cholesterol synthesis in man. J Lipid Res
1969; 10: 304-315.

Gylling H, Siimes MA, Miettinen TA. Sitostanol ester
margarine in dietary treatment of children with familial
hypercholesterolemia. J Lipid Res 1995; 36: 1807-1812.
Pelletier X, Belbraouet S, Mirabel D, Mordret F, Perrin JL,
Pages X, Debry G. A diet moderately enriched in phytos-
terols lowers plasma cholesterol concentrations in normo-
cholesterolemic humans. Ann Nutr Metab. 1995; 39:
291-295.

Hendriks HF, Weststrate JA, van Vliet T, Meijer GW
Spreads enriched with three different levels of vegetable
oil sterols and the degree of cholesterol lowering in nor-
mocholesterolaemic and mildly hypercholesterolaemic
subjects. Eur J Clin Nutr. 1999; 53: 319-327.

Meguro S, Higashi K, Hase T, Honda Y, Otsuka A, Toki-
mitsu I, Itakura H. Solubilization of phytosterols in dia-
cylglycerol versus triacylglycerol improves the serum cho-
lesterol-lowering effect. Eur J Clin Nutr 2001; 55:
513-517.

Murase T, Aoki M, Wakisaka T, Hase T, Tokimitsu I.
Anti-obesity effect of dietary diacylglycerol in C57BL/6J
mice: dietary diacylglycerol stimulates intestinal lipid me-
tabolism. J Lipid Res 2002; 43: 1312-1319.

Kondo H, Hase T, Murase T, Ichiro Tokimitsu. Digestion
and assimilation features of dietary DG in the rat small in-
testine. Lipids 2003; 38: 25-30.

Taguchi H, Watanabe H, Onizawa K, Nagao T, Gotoh N,
Yasukawa T, Tsushima R, Shimasaki H, Itakura H.
Double-blind controlled study on the effects of dietary
diacylglycerol on postprandial serum and chylomicron
triacylglycerol responses in healthy humans. ] Am Coll
Nutr 2000; 19: 789-796.

Tada N, Watanabe H, Matsuo N, Tokimitsu I, Okazaki M.
Dynamics of postprandial remnant-like lipoprotein parti-
cles in serum after loading of diacylglycerols. Clin Chim
Acta 2001; 311: 109-117.

Nagao T, Watanabe H, Goto N, Onizawa K, Taguchi H,
Matsuo N, Yasukawa T, Tsushima R, Shimasaki H, Ita-
kura H. Dietary diacylglycerol suppresses accumulation of
body fat compared to triacylglycerol in men in a dou-
ble-blind controlled trial. J Nutr 2000; 130: 792-797.

Maki KC, Davidson MH, Tsushima R, Matsuo N, Toki-
mitsu I, Umporowicz DM, Dicklin MR, Foster GS, In-
gram KA, Anderson BD, Frost SD, Bell M. Consumption
of diacylglycerol oil as part of a reduced-energy diet en-
hances loss of body weight and fat in comparison with
consumption of a triacylglycerol control oil. Am J Clin
Nutr. 2002; 76: 1230-1236.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Vanhanen HT, Blomqvist S, Ehnholm C, Hyvonen M,
Jauhiainen M, Torstila I, Miettinen TA. Serum cholesterol,
cholesterol precursors, and plant sterols in hypercholes-
terolemic subjects with different apoE phenotypes during
dietary sitostanol ester treatment. J Lipid Res. 1993; 34:
1535-1544.

Ostlund RE Jr, Spilburg CA, Stenson WF. Sitostanol ad-
ministered in lecithin micelles potently reduces cholesterol
absorption in humans. Am J Clin Nutr 1999; 70: 826-831.
Ministry of Health and Welfare. Annual Report on Health
and Welfare. 1986 [in Japanese]

Mabuchi H, Miyamoto S, Ueda K, Oota M, Takegoshi T,
Wakasugi T, Takeda R. Causes of death in patients with
familial hypercholesterolemia. Atherosclerosis 1986; 61:
1-6.

Goldstein JL, Sobhani MK, Faust JR, Brown MS. Het-
erozygous familial hypercholesterolemia: failure of nor-
mal allele to compensate for mutant allele at a regulated
genetic locus. Cell 1976; 9: 195-203.

Birgitte HJ, Donna RG, Robert GJ. Studies on free and
immobilized lipases from Mucor miehei. J] Am Oil Chem
Sci. 1992; 65: 905-910.

Hales CN, Randle PJ. Immunoassay of insulin with insulin
antibody precipitate. Biochem J 1963; 88: 137-146.
Declerck PJ, Alessi MC, Verstreken M, Kruithof EK,
Juhan-Vague I, Collen D. Measurement of plasminogen
activator inhibitor 1 in biologic fluids with a murine
monoclonal antibody-based enzyme-linked immunosor-
bent assay. Blood 1988; 71: 220-225.

Ma ZA, Gingerich RL, Santiago JV, Klein S, Smith HC,
Landt M. Radioimmunoassay of leptin in human plasma.
Clin Chem 1996; 42: 942-946.

Nakajima K, Saito T, Tamura A. A new assay method for
the quantification of cholesterol in remnant like lipopro-
teins in human serum using monoclonal anti apo B100 and
apo A-I immunoaffinity mixed gels. Clin Chim Acta 1993;
223: 53-71.

Gylling H, Puska P, Vartiainen E, Miettinen TA. Serum
sterols during stanol ester feeding in a mildly hypercho-
lesterolemic population. J Lipid Res 1999; 40: 593-600.
Teramoto T, Yamada N, Shimano H, Oka Y, Itakura H,
Saito Y, Morisaki N, Shirai K, Ishikawa T, Tada N, Ito H,
Yamanouchi T, Matsushima T, Kawakami M, Murase T,
Okubo M, Totsuka Y, Kikuchi M. Dose-dependent effect
of niceritrol on plasma lipoprotein-a. Scand J Clin Lab
Invest 1996; 56: 359-365.

Teramoto T, Watanabe H, Ito K, Omata Y, Furukawa T,
Shimoda K, Hoshino M, Nagao T, Naito S Significant ef-
fects of diacylglycerol on body fat and lipid metabolism in
patients on hemodialysis. Clin Nutr 2004; 23: 1122-1126.
Maher VMG, Brown BG Lipoprotein (a) and coronary
heart disease. Curr. Opin Lipidol 1995; 6: 229-235.
Goldstein JL, MS Brown. Familial hypercholesterolemia.
In: The Metabolic Basis of Inherited Disease. 6™ edn.
CR Scriver, AL Beaudet, WA Sly, D Valle, Eds. McGraw
Hill Inc., New York. 1989; 1215-1250.

Becker M, Staab D, K. Von Berbmann. Treatment of se-
vere familial hypercholesterolemia in childhood with si-
tosterol and sitostanol. J Pediatr 1993; 122: 292-296.
Naoumova RP, Marais AD, Mountney J, Firth JC, Rendell
NB, Taylor GW, Thompson GR. Plasma mevalonic acid,
an index of cholesterol synthesis in vivo, and responsive-
ness to HMG-CoA reductase inhibitors in familial hyper-
cholesterolemia. Atherosclerosis 1996; 119: 201-213.
Tilvis RS, Miettinen TA. Serum plant sterols and their
relation to cholesterol absorption. Am J Clin Nutr 1986;
43: 92-99.



48

Effect of phytosterols in diacylglycerol

41.

Ginsberg HN, Kris-Etherton P, Dennis B, Elmer PJ, Er-
show A, Lefevre M, Pearson T, Roheim P, Ramakrishnan
R, Reed R, Stewart K, Stewart P, Phillips K, Anderson N.
Effects of reducing dietary saturated fatty acids on plasma
lipids and lipoproteins in Healthy Subjects. Arterioscler
Thromb Vasc Biol.1998; 18: 441-449.

Original Article

Effects of phytosterols in diacylglycerol as part of diet
therapy on hyperlipidemia in children

Takeshi Matsuyama PhD, MD', Kentaro Shoji ms?, Hideto Takase PhD?,
I[samu Kamimaki MD’, Yuriko Tanaka MD', Atsuko Otsuka Ms", Hiroyuki Watanabe
PhD?, Tadashi Hase Ms?, and Ichiro Tokimitsu PhD

! Department of Pediatrics, Fussa Hospital, 1-6-1, Kamidaira, Fussa-shi, Tokyo, 197-8511, Japan

2 Health Care Products Research Laboratories No.1, Kao Corporation, 2-1- 3, Bunka Sumida-ku Tokyo
131 8501, Japan

® Department of Pediatrics, National Saitama Hospital, 2-1, Suwa, Wako-shi, Saitama, 351-0102, Japan
* Biological Science Laboratorles Kao Corporation, 2606, ‘Akabane Haga-gun TOChIgI 321-3497, Japan

AR b S B RS A AL e 3N

Pam JE V2R e N

PR P AREFa g2 FE A R LSRN L 2E 2
Lo & & A FEP 7 5 4% FEE OEEARY o (PS/DAG) W " ik 5 8 B iR
3R A b P RAR(LDL-C)E A o e AFTE > A ER 12 PS/DAG § #kk
?‘/r')%‘m" "517 , ﬁ ‘J‘%”ﬁ Fgg, P%EEH”"P""%LL‘}) A ﬁqﬁﬁfgﬁo PE S J ;’gﬁsl;)]% A
How e FAR> 5.18mmol/L (200 mg/dL) & & = f& 4 # fiz>1.70mmol/L (150
mg/dL) <% 'E]JLJE_,%"‘Z » i FHEP 5 3 PS/DAG(H = 35§ 10 2 i)ehig ¢
=B ;I‘fﬁi;é iR w2 P 2456 B0 ’f‘-‘%%iﬁﬁ ?_1é
r’1”14 B2 ind ,L oo B % AR HEP N ETmER AT iﬁp,ﬂ&,ﬂg P 5
£ 2 o #P PS/DAG 4 B * i » LDL-C - lipoprotein(a) [Lp(a)] ~ ﬁ”é}ﬁ‘.”_ i
.mﬁmﬁi%‘ﬁ%f"i Moo= LRIRMF PERM L R R A Mf 7 LDL-C % Lp(a)
ho BPERRE 2 g Bd T FIARME-PEFIRRS BTF R K 0 555 ( PS/DAG T i
%47”/?/? VRS VRS A A A0 M SR o B AE O ’F‘rr'* W AP ER
PS/DAG 7 iv ¥ 11 % i3 & 48X 51 qmﬁ.\zz%m%f" SRR A RES

B A Bt b ~ 5 FIfR ~ EFEPE ~ g v (a) > 0E o



