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Summary

 

Background and aim: We have previously shown that serum plasmalogen lev-
els positively correlate with HDL, and significantly decrease with aging, and may be related
to LDL particle size. The objective of  the present study was to investigate the effects of
increased serum plasmalogens on lipidosis, particularly the appearance of  atherogenic small
dense LDL (sdLDL), of  subjects with hyperlipidemia and metabolic syndrome (MetS). Meth-
ods and results: The effects of  increased serum plasmalogen levels, induced by 2 wk of

 

 myo

 

-
inositol treatment, on several clinical and biochemical parameters were examined in 17
hyperlipidemic subjects including some with MetS. After 

 

myo

 

-inositol treatment, significant
increases in plasmalogen-related parameters, particularly ChoPlas, and significant
decreases in atherogenic cholesterols including sdLDL, were observed. Among the hyperlip-
idemic subjects treated with 

 

myo

 

-inositol, compared to subjects without MetS, subjects with
MetS had a significant increase in plasmalogens and a tendency towards reduced sdLDL,
high sensitivity C-reactive protein (hsCRP), and blood glucose levels. Correlation analyses
between the measured parameters showed that plasmalogens, as well as HDL, function as
beneficial factors, and that sdLDL is a very important risk factor that shows positive correla-
tions with many other risk factors. Conclusion: These results suggest that increased plas-
malogen biosynthesis and/or serum levels are especially effective in improving MetS among
hyperlipidemic subjects with MetS.
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Plasmalogens (1-alkenyl-2-acyl-

 

sn

 

-glycero-3-phos-
pholipids) in serum are biosynthesized in the liver and
secreted into circulating blood as lipoprotein compo-
nents. Several studies have shown that plasmalogen
levels in the plasma or red blood cell membranes
decrease with aging or in the presence of  hyperlipi-
demia (

 

1

 

); plasmalogen levels are decreased in the low-
density lipoprotein (LDL) of  familial hypercholester-
olemia patients (

 

2

 

). However, large scale clinical studies
have not yet been done, because the conventional
methods used to determine plasmalogens are laborious
and unsuitable for highly sensitive quantification.

Recently, we established a highly sensitive and conve-
nient method for quantifying choline plasmalogen
(ChoPlas) and ethanolamine plasmalogen (EtnPlas)
separately (

 

3

 

). Using this new method, we quantified
the serum plasmalogen levels of  approximately 300
subjects, and analyzed the correlations of  serum plas-
malogens with clinical markers and serum biochemical

markers. The following results were obtained: i) serum
plasmalogens decrease markedly with aging; ii) serum
plasmalogen levels are positively correlated with high-
density lipoprotein (HDL); and iii) the ratio of  ChoPlas
to EtnPlas is positively correlated with LDL particle size
(

 

4

 

). These results suggest that serum plasmalogens, as
well as HDL, function as beneficial factors, and further-
more that plasmalogen biosynthesis and/or serum lev-
els are related to the appearance of  atherogenic small
dense LDL (sdLDL).

Recently, we found a significant increase in rat serum
plasmalogen levels after 

 

myo

 

-inositol treatment (unpub-
lished data). 

 

Myo

 

-inositol is a type of  vitamin B that is
present in a variety of  foods, such as wheat germ, fruits,
and vegetables. The mean human dietary intake of  

 

myo

 

-
inositol is estimated to be 500–2,000 mg/d. 

 

Myo

 

-inosi-
tol is also synthesized in vivo from glucose 6-phosphate.
It is well known that 

 

myo

 

-inositol exerts various physio-
logical effects, such as preventing fatty liver, improving
hypercholesterolemia, and facilitating calcium absorp-
tion (

 

5

 

). In the current study, 

 

myo

 

-inositol was used toE-mail: maeba@med.teikyo-u.ac.jp
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investigate the effects of  increased serum plasmalogens.
The lipidosis of  metabolic syndrome (MetS) is character-
ized by high TG and low HDL levels, and the consequent
appearance of  sdLDL. Therefore, the investigations of
the effects of  increased serum plasmalogens, induced by

 

myo

 

-inositol treatment, on lipidosis of  hyperlipidemia
and MetS may provide the clinical evidence that serum
plasmalogens are involved in the appearance of  sdLDL.

 

METHODS AND MATERIALS

 

Study subjects and design.

 

Seventeen subjects, who
were referred for a medical examination to the Hayashi
Clinic and who were diagnosed with lifestyle-related
diseases such as obesity and hyperlipidemia, but with-
out taking medications, were recruited; written
informed consent was obtained from all subjects prior
to enrollment. The study was approved by the ethics
committee of  the Hayashi Clinic. All subjects took 

 

myo

 

-
inositol (Hokkaido Sugar Co., Ltd, Ishikari, Japan) 5 g
daily for 1 wk, followed by 

 

myo

 

-inositol 10 g daily for
1 wk. The subjects’ diets were not restricted, though
special nutrient supplements were prohibited during
the treatment period. Blood was collected, and mea-
surements of  weight, stature, and waist size were
recorded before and after the first week and second
weeks of  

 

myo

 

-inositol treatment. Questionnaires to
obtain information about their medical history, medica-
tion status, and current cigarette smoking status were
administered when the subjects visited the Hayashi
Clinic. After at least a 12-h fast, venous blood samples
for the measurement of  biochemical parameters were
collected. Serum was separated by centrifugation. The
lipids and lipoprotein levels were determined immedi-
ately, and part of  the serum was stored at 

 

�

 

80˚C until
further analysis.

 

Measurements of  plasmalogens and phospholipids.

 

Se-
rum plasmalogen levels were measured with high-per-
formance liquid chromatography (HPLC) using radio-
active iodine (

 

125

 

I

 

3

 

�

 

), as previously described (

 

3

 

). In
brief, serum lipids were extracted according to the Bligh
and Dyer method (

 

6

 

) and redissolved in methanol. The
methanol-soluble lipids were reacted with a radioactive
iodine reagent containing 

 

125

 

I

 

3

 

�

 

, which specifically and
quantitatively binds to the vinyl ether bonds of  plas-
malogens. Aliquots of  the reaction mixture were applied
to the HPLC apparatus equipped with a Diol column
(Merck, Darmstadt, Germany), and eluted with acetoni-
trile/water. The elution was fractionated. To measure
the amount of  ChoPlas and EtnPlas, the radioactivity of
each fraction was counted with an auto-well 

 

�

 

-counter.
The phospholipid level was determined by measuring
the phosphorus content according to the procedure de-
scribed by Chalvardjian and Rudnicki (

 

7

 

).

 

Measurements of  other biochemical parameters.

 

Se-
rum triglyceride (TG), total cholesterol (TC), high-den-
sity lipoprotein-cholesterol (HDL-C), low-density lipo-
protein-cholesterol (LDL-C), and small dense low-den-
sity lipoprotein-cholesterol (sdLDL-C) levels were
measured enzymatically using the appropriate com-
mercial kits (Denka Seiken, Tokyo, Japan). Small dense

LDL-C was measured by a direct homogenous LDL-C
assay in the supernatant that remained after heparin-
magnesium precipitation with density 

 

�

 

1.044 lipopro-
teins (

 

8

 

). Apolipoproteins (apo A-I, B, and E) and high
sensitivity C-reactive protein (hsCRP) were measured
using turbidimetric immunoassays. Blood glucose was
determined with a commercial enzyme kit (Wako Pure
Chemical Industries, Ltd., Tokyo, Japan).

 

Statistical analyses.

 

The statistical analyses were
performed using the SPSS 10.0J software (SPSS Japan
Inc., Tokyo, Japan). All values are expressed as the
mean

 

�

 

SD. Differences between the means of  before and
after 

 

myo

 

-inositol treatment were compared with the
paired 

 

t

 

-test. Differences between the means of  MetS
and non-MetS groups of  before/after treatment were
compared with the unpaired 

 

t

 

-test. Correlations among
the measured parameters were assessed with Pearson’s
product-moment correlation coefficient and 

 

p

 

-value.

 

RESULTS

 

The clinical background and serum biochemical
parameters of  the study subjects (

 

n

 

�

 

17) before 

 

myo

 

-
inositol treatment are shown in Tables 1 and 2. Sixteen
of  the subjects were hyperlipidemic; the rates of  hyper-
triglyceridemia, hypercholesterolemia, and hyper LDL
cholesterolemia were 65, 76, and 76% respectively. Half
of  the subjects were diagnosed with MetS according to
Japanese guidelines. A waist size greater than 85 cm is
one of  the criteria for MetS in Japanese men; 13 of  the
15 males had a waist size greater than 85 cm. All the
two females had a waist size less than 90 cm, which is
one of  the criteria for MetS in Japanese women. There-
fore, a sex difference was not considered to distinguish
MetS from non-MetS group in the present study. The
mean small dense LDL (sdLDL-C) level was 46.4 mg/dL

 

Table 1. Clinical background of  study subjects (

 

n

 

�

 

17).

Sex, Male/Female 15/2
Age, years 43.6

 

�

 

6.6
Rate of  obesity (BMI

 

�

 

25) 11/17 (65%)
Rate of  hyperlipidemia 

(TG

 

�

 

150 and/or TC

 

�

 

220 mg/dL)
16/17 (94%)

Rate of  diabetes mellitus 3/17 (18%)
Rate of  hypertension

(systolic

 

�

 

140 and/or diastolic pressure

 

�

 

90 mmHg)

5/17 (29%)

Rate of  metabolic syndrome
(according to Japanese guideline*)

8/17 (47%)

Rate of  current cigarette smoking 12/17 (71%)

BMI, body mass index; TG, triglyceride; TC, total choles-
terol; HDL-C, high-density lipoprotein cholesterol.
*

 

 

 

Japanese criteria for metabolic syndrome (MetS).
1) Waist size: Men

 

�

 

85 cm, Women

 

�

 

90 cm.
2) TG

 

�

 

150 mg/dL and/or HDL-C 

 

�

 

40 mg/dL.
3) Systolic pressure

 

�

 

130 mmHg and/or Diastolic pres-
sure

 

�

 

85 mmHg.
4) Fasting glucose

 

�

 

110 mg/dL.
The diagnosis of  MetS is made when 1)

 

�

 

more than two
of  the risk determinants 2) – 4) mentioned above.
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(range, 15.0–83.9 mg/dL). The mean value was greater
than that of  normal subjects (31

 

�

 

12 mg/dL) and was
nearly equal to that seen in hyper LDL cholesterolemia
(53

 

�

 

17 mg/dL) and hypertriglyceridemia (52

 

�

 

19 mg/
dL), as reported previously by Ito et al. (

 

8

 

). Half  of  the
subjects had an hsCRP level greater than the normal
hsCRP level (0.1 mg/dL) proposed by the Centers for
Disease Control and Prevention, which is an agency of
the United States Department of  Health and Human
Services. The mean serum phospholipid level was nor-
mal, whereas the mean plasmalogen (ChoPlas

 

�

 

EtnPlas) level was less than the normal range (100–
300 

 

�

 

M

 

). The mean ratio of  choline plasmalogen to eth-
anolamine plasmalogen (ChoPlas/EtnPlas ratio) was
nearly equal to that of  elderly subjects (0.83

 

�

 

0.17)
that we previously reported (

 

4

 

).
Changes in clinical and serum biochemical parame-

ters before and after 2 wk of  

 

myo

 

-inositol treatment are
shown in Table 2. 

 

Myo

 

-inositol treatment significantly
increased plasmalogen-related parameters and diastolic
pressure; it furthermore significantly decreased LDL-
related parameters, especially the mean sdLDL level.
Blood glucose tended to decline after treatment. The
largest changes included 11–22% increases in plas-
malogen-related parameters and a 23% reduction in
sdLDL levels. The mean hsCRP level after 2 wk was sub-
stantially elevated, probably due to the onset of  an

inflammation in one subject. 

 

Myo

 

-inositol ingestion
had no effect on HDL-related parameters, such as HDL-
C and apo A-I, nor on TG level.

Since the presence of  sdLDL is one of  characteristics
of  lipidosis of  MetS (

 

9

 

), we investigated whether 

 

myo

 

-
inositol treatment improves the status of  MetS. The
hyperlipidemic subjects treated with 

 

myo

 

-inositol were
divided into two groups: MetS and non-MetS. The MetS
group was characterized by significantly higher BMI,
waist size, and apo E and lower HDL-related parame-
ters. Furthermore, MetS group showed high levels of
hsCRP, TG, and sdLDL and low levels of  plasmalogen-
related parameters (Table 3). Comparison of  the efficacy
of  

 

myo

 

-inositol treatment on the MetS and non-MetS
groups of  hyperlipidemic subjects revealed that the plas-
malogen-related parameters significantly increased and
blood glucose decreased only in the MetS group. The
levels of  hsCRP and sdLDL also tended to decrease, par-
ticularly in the MetS group. However, 

 

myo

 

-inositol
treatment had no effect on HDL or TG levels (Table 3).

Correlation analyses of  the parameters before and
after 

 

myo

 

-inositol treatment were done. The parameters
with statistically significant correlations with notable
items are shown in Tables 4–1 and 4–2. Prior to 

 

myo

 

-
inositol treatment, HDL-C was positively correlated only
with plasmalogen-related parameters, and was nega-
tively correlated with many risk factors, such as TG, apo

 

Table 2. Effect of  

 

myo

 

-inositol treatment on clinical and serum biochemical parameters of  the hyperlipidemic subjects
(

 

n

 

�

 

17).

Before After

 

t

 

-test, 

 

p

 

BMI, kg/m

 

2

 

27.3

 

�

 

2.5 27.3

 

�

 

2.8  (100.0) 0.560
Waist size, cm 91.9

 

�

 

7.3 90.9

 

�

 

8.5  (98.9) 0.220
Systolic pressure, mmHg 134

 

�

 

9 132

 

�

 

10  (98.5) 0.660
Diastolic pressure, mmHg 81

 

�

 

6 87

 

�

 

7  (107.4) 0.008**
Blood glucose, mg/dL 99.9

 

�

 

14.0 92.9

 

�

 

11.7  (93.0) 0.117
hsCRP, mg/dL 0.18

 

�

 

0.17 0.32

 

�

 

0.38  (177.8) 0.487
apo A-I, mg/dL 135.2

 

�

 

17.4 134.9

 

�

 

15.1  (99.8) 0.945
apo B, mg/dL 132.7

 

�

 

30.4 124.9

 

�

 

33.0  (94.1) 0.038*
apo E, mg/dL 5.1

 

�

 

1.3 4.9

 

�

 

1.5  (96.1) 0.352
TG, mg/dL 188.6

 

�

 

71.1 184.4

 

�

 

94.4  (97.8) 0.766
TC, mg/dL 258.9

 

�

 

45.2 247.8

 

�

 

53.3  (95.7) 0.090
HDL-C, mg/dL 51.9

 

�

 

8.8 52.4�8.7  (101.0) 0.749
LDL-C, mg/dL 179.1�46.3 165.8�51.0  (92.6) 0.032*
sdLDL-C, mg/dL 46.4�18.5 35.6�17.4  (76.7) 0.010*
PL, mM 2.84�0.38 2.80�0.47  (98.6) 0.762
ChoPlas, �M 46.1�9.4 54.6�9.6  (118.4) 0.011*
EtnPlas, �M 51.1�14.1 57.1�10.9  (111.7) 0.122
ChoPlas�EtnPlas, �M 97.1�22.5 111.7�20.4  (115.0) 0.036*
ChoPlas/PL (	103) 16.2�2.5 19.8�2.9  (122.2) 0.0003***
EtnPlas/PL (	103) 18.3�4.9 20.9�4.4  (114.2) 0.045*
(ChoPlas�EtnPlas)/PL (	103) 34.7�7.4 40.4�7.3  (116.4) 0.008**
ChoPlas/EtnPlas ratio 0.94�0.17 0.98�0.12  (104.3) 0.455

Values are means�SDs, and values in parentheses are relative percentage to each value before treatment.
* p�0.05, ** p�0.01, *** p�0.001.
BMI, body mass index; hsCRP, high sensitive C-reactive protein; apo A-I, B, E, apolipoprotein A-I, B, E; TG, triglyceride; TC,
total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small
dense low-density lipoprotein cholesterol; PL, phospholipid; ChoPlas, choline plasmalogen; EtnPlas, ethanolamine plas-
malogen; Plas/PL, ratio of  plasmalogen to phospholipid.
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E, hsCRP, waist size, sdLDL, and BMI. Plasmalogen-
related parameters were also positively correlated only
with HDL-related parameters, and were negatively cor-
related with risk factors, such as waist size, sdLDL, and
apo E (Table 4–1). On the other hand, sdLDL was posi-
tively correlated with a variety of  risk factors, in addi-

tion to LDL-related parameters; sdLDL was negatively
correlated with HDL- and plasmalogen-related parame-
ters. C-reactive protein (hsCRP) was positively corre-
lated with waist size and negatively with HDL-C. Blood
glucose was negatively correlated with PL, ChoPlas,
and ChoPlas/EtnPlas ratio (Table 4–2). After myo-inosi-

Table 3. Effect of  myo-inositol treatment on clinical and serum biochemical parameters of  the hyperlipidemic subjects
with (MetS) and without metabolic syndrome (non-MetS).

MetS (n�8) non-MetS (n�9)

Before After Before After

BMI, kg/m2 29.3�3.0§ 29.7�3.7 (101.4) § 25.3�2.3 25.2�2.6 (99.6)
Waist size, cm 99.6�6.3§§§ 99.9�9.1 (100.3) §§§ 85.0�4.6 82.9�4.0 (97.5)
Systolic pressure, mmHg 136�13 140�26 (102.9) 132�11 125�9 (94.7)
Diastolic pressure, mmHg 85�12 93�16 (109.4) 78�7 81�5 (103.8)
Blood glucose, mg/dL 104.1�16.6 87.5�11.6 (84.1)* 96.2�18.6 97.7�17.4 (101.6)
hsCRP, mg/dL 0.316�0.315 0.171�0.137 (54.1) 0.056�0.029 0.453�0.995 (808.9)
apo A-I, mg/dL 121.3�21.6§§ 122.5�15.2 (101.0) §§ 147.6�14.7 146.0�16.4 (98.9)
apo B, mg/dL 142.6�43.4 130.6�40.4 (91.6) 123.9�41.2 119.8�48.9 (96.7)
apo E, mg/dL 6.0�1.2§ 5.8�1.3 (96.7) 4.3�1.5 4.2�2.0 (97.7)
TG, mg/dL 230.1�89.9 239.5�142.4 (104.1) 151.8�87.4 135.3�100.8 (89.1)
TC, mg/dL 261.9�69.7 246.1�62.6 (94.0) 256.3�66.1 249.3�85.2 (97.3)
HDL-C, mg/dL 44.9�11.1§§ 45.5�11.3 (100.9) §§ 58.2�7.1 58.6�6.7 (100.7)
LDL-C, mg/dL 185.5�71.4 166.1�68.0 (89.5) 174.4�58.0 164.4�70.8 (94.3)
sdLDL-C, mg/dL 56.4�25.0 39.2�19.7 (69.5) 37.5�21.4 32.5�23.3 (86.7)
PL, mM 2.8�0.5 2.8�0.5 (100.0) 2.9�0.5 2.8�0.8 (96.6)
ChoPlas, �M 40.9�9.0 51.5�3.6 (125.9)* 50.7�12.5 57.3�18.5 (113.0)
EtnPlas, �M 44.9�13.1 53.9�6.7 (120.0) 56.6�20.6 60.0�20.3 (106.0)
ChoPlas�EtnPlas, �M 85.8�20.3 105.4�8.6 (122.8)* 107.2�30.3 117.3�37.4 (109.4)
ChoPlas/PL (	103) 14.5�1.7 18.9�2.3 (130.3)*** 17.7�4.1 20.5�5.0 (115.8)
EtnPlas/PL (	103) 16.0�3.8 19.9�3.9 (124.4) 20.4�9.4 21.7�7.5 (106.4)
(ChoPlas�EtnPlas)/PL (	103) 30.5�4.9 38.8�5.8 (127.2)** 38.1�13.1 42.3�12.1 (111.0)
ChoPlas/EtnPlas ratio 0.94�0.23 0.97�0.12 (103.2) 0.94�0.21 0.98�0.17 (104.3)

Values are means�SDs, and values in parentheses are relative percentage to each value before treatment.
* p�0.05, ** p�0.01, *** p�0.001 compared with before treatment.
§ p�0.05, §§ p�0.01, §§§ p�0.001 compared with non-MetS.

Table 4–1. The parameters with statistically significant correlations with HDL-C or plasmalogen-related parameters
before and after myo-inositol treatment.

HDL-C Before After ChoPlas�EtnPlas Before After

apo A-I 0.951*** 0.922*** HDL-C 0.540* 0.373
TG �0.747*** �0.694*** apo A-I 0.532* 0.412
apo E �0.655** �0.411 Waist size �0.416* �0.270
hsCRP �0.563* �0.086 hsCRP �0.393 �0.652***
EtnPlas 0.548* 0.381 PL 0.323 0.589**
ChoPlas�EtnPlas 0.540* 0.373 TC 0.213 0.529**
(ChoPlas�EtnPlas)/PL 0.504* 0.291 LDL-C 0.177 0.456*
ChoPlas/PL
Waist size
ChoPlas
EtnPlas/PL
sdLDL
BMI

0.502*
�0.498*

0.490*
0.479*

�0.452*
�0.444*

0.274
�0.497*

0.330
0.284

�0.243
�0.409

apo B 0.083 0.450*

(ChoPlas�EtnPlas)/PL Before After

sdLDL �0.520* �0.330
HDL-C 0.504* 0.291
apo A-I 0.487* 0.351
Waist size �0.463* �0.374
apo E �0.458* �0.228

Values are correlative coefficients. * p�0.05, ** p�0.01, *** p�0.001.
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tol treatment, the correlation of  plasmalogens with
LDL-related parameters and those with hsCRP became
stronger.

DISCUSSION

This clinical study was conducted to investigate the
effects of  increased serum plasmalogens, induced by
myo-inositol ingestion, on several clinical and biochem-
ical parameters in hyperlipidemic subjects including
those with metabolic syndrome (MetS). Since this study
was not a placebo-controlled design, the effect was
assessed using the paired t-test to compare values
before and after treatment.

This study is the first to report that myo-inositol
ingestion significantly increases human serum plas-
malogen levels, which was previously documented in
rat liver and plasma (unpublished data). The increased
ratio of  plasmalogens to phospholipids (Plas/PL) after
myo-inositol treatment was greater than that of  the
actual plasmalogen level (Table 2), which means a spe-
cific enhancement of  plasmalogen biosynthesis in glyc-
erophospholipids. Myo-inositol is reported to increase
the brain plasmalogen content in rats (10), and this
effect may contribute to improve affective disorders,
such as major depression and panic disorder (11).
Although the mechanism by which myo-inositol
enhances plasmalogen biosynthesis remains unknown,
myo-inositol intake possibly facilitates plasmalogen bio-
synthesis in the liver, and this may lead to the secretion
of  plasmalogen-rich lipoproteins.

Plasmalogen biosyntheses are strictly regulated and
the plasmalogen levels in cells or tissues are physiologi-
cally kept constant (12–15). Our result appears to sup-

port these facts. The increase in the plasmalogen levels
after myo-inositol treatment tended to be inversely pro-
portional to the serum plasmalogen levels before treat-
ment (Fig. 1). Serum plasmalogens reached a plateau
level of  around 150 �M with myo-inositol treatment,
which corresponds to the average level observed in eld-
erly subjects reported by a previous study (4).

Myo-inositol significantly reduced serum atherogenic
cholesterol levels, including LDL-C and sdLDL-C levels
(Table 2). Although dietary myo-inositol, as well as
phytate (myo-inositol hexaphosphate, IP6), is reported
to have a cholesterol-lowering effect (16, 17), this is the
first paper to document a reduction in sdLDL with myo-
inositol treatment. Our previous study suggests that
serum plasmalogen may be involved in the appearance

Table 4–2. The parameters with statistically significant correlations with each sdLDL-C, LDL-C, blood glucose, and hsCRP
before and after myo-inositol treatment.

sdLDL-C Before After LDL-C Before After

apo B 0.900*** 0.806*** TC 0.985*** 0.984***
apo E 0.804*** 0.817*** apo B 0.961*** 0.971***
TC 0.804*** 0.758*** PL 0.744*** 0.677***
LDL-C 0.773*** 0.688** sdLDL 0.773*** 0.688**
PL 0.683*** 0.710** Diastolic pressure 0.719** 0.447*
Diastolic pressure 0.673** 0.414* Systolic pressure 0.542* 0.447*
BMI 0.603* 0.224 apo E 0.486* 0.600*
TG 0.583** 0.639** BMI 0.414* 0.377
apo A-I �0.580* �0.304 ChoPlas 0.368 0.572**
EtnPlas/PL
(ChoPlas�EtnPlas)/PL
HDL-C
Systolic pressure
ChoPlas/PL
Waist size

�0.528*
�0.520*
�0.452*

0.446*
�0.444*

0.440*

�0.344
�0.330
�0.243

0.227
�0.280

0.128

ChoPlas�EtnPlas 0.177 0.456*

hsCRP Before After

HDL-C
Waist size
ChoPlas�EtnPlas
EtnPlas
ChoPlas

�0.563*
0.403*

�0.383
�0.339
�0.266

�0.086
�0.030
�0.652***
�0.653**
�0.593**

Blood glucose Before After

PL �0.576* �0.110
ChoPlas �0.456* �0.173
ChoPlas/EtnPlas ratio �0.434* �0.550*

Values are correlative coefficients. * p�0.05, ** p�0.01, *** p�0.001.

Fig. 1. Relationship between the gain rate of  plasmalo-
gens after myo-inositol treatment and serum plasmalo-
gen levels before treatment.
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of  sdLDL; the lower the ratio of  choline plasmalogen to
ethanolamine plasmalogen (ChoPlas/EtnPlas ratio), the
greater the sdLDL level (4). Myo-inositol particularly
increased the ChoPlas level (Table 2), which resulted in
an increase in the ChoPlas/EtnPlas ratio. This may be
related to the reduction in the sdLDL level, although, in
the present study, sdLDL was determined using a precip-
itation method (18), rather than by measuring particle
size as in a previous study (19). The ChoPlas/EtnPlas
ratio reflects the transfer rate from EtnPlas to ChoPlas,
because EtnPlas is a precursor of  ChoPlas biosynthesis
(20). Therefore, the declining rate of  transfer from
EtnPlas to ChoPlas was inferred to be potentially related
to the appearance of  atherogenic sdLDL. However, the
mechanism by which plasmalogens are involved in the
modification of  lipoproteins metabolism is unknown.

A significant positive correlation between serum
plasmalogens and HDL (Table 4–1) was reported by
Engelmann et al. (21), and this finding has been sup-
ported by our previous study (4). We speculate that
plasmalogen biosynthesis may be closely related to the
production of  apo A-I through peroxisomal function.
However, myo-inositol treatment did not change the
HDL-C or apo A-I levels, despite substantial increase in
serum plasmalogen levels. This result suggests that the
acceleration of  plasmalogen biosynthesis caused by
water-soluble myo-inositol is mediated via an alternate
pathway, which is different from the activation of  perox-
isomal function. Therefore, myo-inositol treatment
could be used to achieve the beneficial effect of  plas-
malogens alone without HDL.

Based on the correlation analyses, sdLDL was con-
firmed to be a very important risk factor (Table 4–2).
Because the presence of  sdLDL is one of  characteristics
of  lipidosis for MetS (9), we investigated whether myo-
inositol treatment improves the status of  MetS. Notable
reduction of  sdLDL, blood glucose, and hsCRP levels
were observed particularly in the MetS group of  the
hyperlipidemic subjects treated with myo-inositol (Table
3). The blood glucose level had a significant negative
correlation with the ChoPlas level (Table 4–2). More-
over, our previous study has shown that plasmalogens
have a significant negative correlation with HbA1c (4),
an increased level of  which indicates diabetes mellitus.
Therefore, the facilitation of  plasmalogen biosynthesis
may contribute to improving glucose metabolism. The
antioxidative effect of  plasmalogens may be supported
by the reduced level of  hsCRP, an indicator of  chronic
vascular inflammation, which reflects the oxidative
damage that occurs due to atherosclerosis (22). The
marked reduction in the hsCRP level with myo-inositol
treatment in MetS group (Table 3) suggests the physio-
logical importance of  serum plasmalogens in protecting
blood vessels from oxidative stress. Interestingly, how-
ever, myo-inositol treatment had no effect on low HDL
and high TG status, which is a typical feature of  lipidosis
for MetS. This finding suggests that the status of  low
HDL and high TG may not directly cause the production
of  sdLDL, but only that of  accompanying phenomena.

In conclusion, the present study suggests that the

increases in plasmalogen biosynthesis and/or in serum
levels improve the status of  MetS among hyperlipidemic
subjects with MetS by the reduction of  sdLDL, hsCRP,
and blood glucose levels, and that serum plasmalogens
are closely related to the appearance of  sdLDL.
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