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Aim: This study was designed to clarify differences in serum phospholipid fatty acid compositions 
and estimated desaturase activities between Japanese men with and without metabolic syndrome 
(MetS).
Methods: From among 227 males, 40 to 59 years of age, excluding those receiving treatment for lipid 
disorders, 165 subjects (including 27 with MetS) were selected for this study. Serum phospholipid 
fatty acid compositions were determined, and desaturase activities were estimated.
Results: The C15:0 and C17:0 fatty acids associated with hepatic function were lower, while the 
C20:3n-6 and C20:4n-3 fatty acids were higher, in subjects with than without MetS (p＜0.05). The 
estimated desaturase activity for D5D(n-6) was lower in subjects with than without MetS (p＜0.01). 
Body fat percentage was an independent negative predictor of C17:0, and a positive predictor of log 
C20:3n-6 and log C20:4n-3 (p＜0.01). HDL-C was an independent negative predictor of log C15:0 
and of C17:0 (p＜0.01).
Conclusion: Decreases in minor saturated fatty acids, accumulation of C20:3n-6 and C20:4n-3 and 
low estimated D5D activitiy were confirmed to be associated with MetS.
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tionships among dietary fat intake, serum fatty acids, 
and cardiovascular disease and its risk factors. Obser-
vations often made in studies measuring serum fatty 
acids include higher proportions of stearic acid (C18:0), 
dihomo-γ-linolenic acid (C20:3n-6) and total satu-
rated fatty acids (SFA), and lower arachidonic acid 
(C20:4n-6) and total polyunsaturated fatty acids 
(PUFA), in subjects with coronary heart disease and 
its risk factors2-7).

In recent years, a relationship has been recog-
nized between the development of coronary heart 
disease and decreased delta-5 desaturase (D5D) activ-
ity8, 9), which converts C20:3n-6 to C20:4n-6 and 
C20:4n-3 to icosapentaenoic acid (C20:5n-3) (Fig.1). 
The endogenous fatty acid synthesis catalyzed by D5D 
reflects serum fatty acid composition, and D5D activ-
ity is also recognized as predicting MetS10, 11). On the 
other hand, the effects of delta-6 desaturase (D6D) 

Introduction

Metabolic syndrome (MetS) has been recognized 
as a constellation of multiple risk factors for cardiovas-
cular disease, with dyslipidemia plus elevated glucose 
and blood pressure, which are widely regarded as tar-
gets for preventing the early stages of coronary artery 
disease. The predominant underlying risk factor is 
considered to be visceral obesity causing insulin resis-
tance1).

There have been numerous reports on the rela-
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activity on the risk of ischemic heart disease are un-
known. D6D is a rate-limiting enzyme in the PUFA 
biosynthetic pathway, converting the essential fatty 
acids linoleic (C18:2n-6) and alpha-linolenic (C18:3n-3) 
acid into gamma-linolenic acid (C18:3n-6) and octa-
decatetraenoic acid (C18:4n-3), respectively. Accord-
ing to in vitro and animal model studies, dietary PUFA 
reportedly decreases both the activity and the expres-
sion of D5D and D6D12-14).

Stearoyl CoA desaturase (SCD) is also a rate-lim-
iting enzyme catalyzing the synthesis of monounsatu-
rated fatty acids, mainly palmitoleic (C16:1) and oleic 
(C18:1) acid, from the saturated fatty acids palmitic 
(C16:0) and stearic (C18:0) acid, respectively. SCD is 
known to be related to obesity and insulin resistance11).

The fatty acid composition of serum phospholip-
ids reflects dietary fatty acid intake over the prior 
few weeks, as well as endogenous fatty acid metabo-
lism15, 16). Thus, phospholipids play various important 
roles not only as membrane components, but also as 

the source of fatty acids, serving as precursors for phys-
iologically active substances affecting cell functions.

Fatty acid compositions and desaturase activities 
in Japanese subjects with MetS have not been docu-
mented, and habitual dietary fatty acid intake in Japan 
differs from that in Northern European populations. 
The purpose of this study was to examine differences 
in serum phospholipid fatty acid compositions and 
estimated desaturase activities between Japanese sub-
jects with and without MetS.

Subjects and Methods

Subjects
The protocol was approved by Japan Women’s 

University ethics committee. The 227 male subjects, 
ranging in age from 40 to 59 years, received a com-
plete medical check-up at Mitsui Memorial Hospital, 
and provided written informed consent. Subjects 
receiving treatment for MetS or related disorders were 
excluded. Thus, data on 165 males were analyzed for 
this study. According to the definition of the Japanese 
Committee for the Diagnostic Criteria of Metabolic 
Syndrome (April 2005)17), we defined MetS as the 
presence of 2 or more abnormalities involving serum 
lipids, glucose levels and blood pressure in addition 
to visceral obesity (umbilical circumference: 85 cm or 
more in men). The following were considered to be 
abnormal values: Triglyceride (TG) ≧150 mg/dL and/ 
or HDL-cholesterol (HDL-C) ＜40 mg/dL, systolic 
blood pressure ≧130 mmHg and/or diastolic blood 
pressure ≧85 mmHg, fasting glucose ≧110 mg dL.

Anthropometric Measurements
Height and weight were measured, and body mass 

index (BMI) was calculated as: BMI=body weight (kg)/ 
height (m)2. Umbilical circumference was measured 
during the late exhalation phase in the standing posi-
tion. Body weight and fat percentage were measured 
using bioelectrical impedance analysis at both heels 
(Body Fat Analyzer TBF-210, Tanita Co. Ltd, Tokyo). 
Blood pressure was measured using an automatic 
blood pressure manometer (Kentaro BP- 203RV Ⅲ B, 
Nihon Colin Co. Ltd, Tokyo), with the subject in the 
seated position.

Blood Sampling and Analysis
All serum and plasma samples were obtained in 

the fasting state and measurements were conducted in 
the laboratory of Mitsui Memorial Hospital. Serum 
total cholesterol (TC), LDL-cholesterol (LDL-C), 
HDL-C and TG levels were measured enzymatically. 
Aspartate aminotransferase (AST), alanine aminotrans-
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Fig.1. Metabolic pathways of fatty acids.

(A) Mono unsaturated fatty acid synthesis by stearoyl CoA desatu-
rase (SCD). (B) Both polyunsaturated fatty acid families, n-3 and 
n-6 fatty acids, share the same enzymes.
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ferase (ALT) and gamma-glutamyltransferase (γ-GTP) 
were measured by UV and L-γ-glutamyl-3-carboxy-
4-nitroanilide substrate methods. Uric acid was deter-
mined by the uricase method. These biochemical pa-
rameters were measured with a TBA-200FR (Toshiba 
Medical Co. Ltd., Tokyo, Japan). Plasma glucose was 
determined enzymatically using a fully automated glu-
cose analyzer (GA-1170 Arkray, Inc., Kyoto, Japan) 
and HbA1c was determined with a fully automated 
glycohemoglobin (HbA1c) analyzer based on high per-
formance liquid chromatography (HPLC) (ADAMS 
A1c, HA-8150 Arkray, Inc., Kyoto, Japan). Serum in-
sulin was determined by chemiluminescence immu-
noassay with an automated immunoassay system, the 
ADVIA Centaur (Bayer Medical, NY, USA).

The homeostasis model assessment for insulin 
resistance (HOMA-IR) was calculated as: HOMA-IR=  
fasting plasma glucose (mg/dL)× fasting insulin (IRI) 
(μU/L)÷405.

Fatty Acid Analysis
Serum lipids were extracted by the method of 

Folch et al.18). The phospholipid (PL) fraction was 
obtained with thin-layer chromatography and methyl-
ated as described in our previous report19) with minor 
modifications. The fatty acid methyl esters were 

separated by gas-liquid chromatography (Shimadzu 
GC14B, Tokyo, Japan) using a 0.25 mm×30 m cap-
illary column containing DB-FFAP (J&W Scientific, 
CA, USA). The injector temperature was 230℃, and 
the column temperature rose 2℃/min from 160℃ to 
200℃. Nitrogen was employed as the carrier gas, and 
the split ratio was 22.0.

Estimation of Desaturase Activities
Desaturase activities were estimated as the prod-

uct to precursor ratio of individual fatty acids in serum 
phospholipids, as follows: SCD(n-7)=(C16:1n-7/C16: 
0), SCD(n-9)= (C18:1cis n-9/C18:0), D5D(n-6)=  
(C20:4n-6/C20:3n-6), D6D(n-3)=C18:4n-3/C18: 
3n-3, D5D(n-3)= (C20:5n-3/C20:4n-3).

Statistical Analysis
Statistical analysis was performed using the 

SPSS12.0J software package for Windows (SPSS Inc., 
Japan). Data are expressed as the means±standard de-
viation. Between-group comparisons were made using 
the Mann-Whitney U test. P values ＜0.05 were con-
sidered significant. Normality was assessed by the Kol-
mogorov-Smirnov test and skewed variables were log 
transformed. For all subjects, relations between vari-
ables were assessed by linear correlation analysis. Step-

Table 1. Clinical characteristics of subjects with and without metabolic syndrome

without metabolic syndrome with metabolic syndrome p

Number
Age
Body mass index
Umbilical circumference (cm)
Body fat percentage (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
γ-glutamyltransferase (IU/L)
Uric acid (mg/dL)
Hemoglobin A1c (%)
Fasting plasma glucose (mg/dL)
Fasting insulin (μU/L)
HOMA-IR
Total Cholesterol (mg/dL)
LDL-Cholesterol (mg/dL)
HDL-Cholesterol (mg/dL)
Triglyceride (mg/dL)
TG/HDL-C

138
50.5±5.8
23.2±2.6
83.2±6.6
21.6±4.1
128±20

81±11
22±7
25±12
50±37

6.1±1.1
5.3±0.5
95±9

6.4±3.2
1.5±0.8
207±28
128±28

60±14
114±66
2.1±1.6

27
48.4±6.7
26.9±2.9
92.9±6.4
27.4±3.9
143±13

89±10
23±6
32±15
58±29
6.8±1.4
5.8±0.8

108±23
11.0±5.4

3.0±1.7
217±38
137±38

48±7
217±87
4.7±2.4

0.091
＜0.001
＜0.001
＜0.001
＜0.001

0.001
0.624
0.009
0.280
0.007
0.012
0.007

＜0.001
＜0.001

0.201
0.240

＜0.001
＜0.001
＜0.001

Values are expressed as the means±SD.
HOMA-IR: homeostasis model assessment of insulin resistance, TG/HDL-C: triglyceride/HDL-cholesterol ratio
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wise multiple regression analysis was performed to ex-
plore determinants of fatty acids. Age, BMI, umbilical 
circumference, body fat percentage, SBP, DBP, AST, 
ALT, γ-GTP, uric acid, FPG, log IRI, HDL-C, LDL-C 
and logTG were included as predictors in the original 
model. P values ＜0.01 were considered significant for 
regression analysis.

Results

Prevalence of Metabolic Syndrome
The prevalence, in our 165 subjects, of an abnor-

mally large umbilical circumference, high blood pres-
sure, abnormal fasting plasma glucose, low HDL-cho-
lesterolemia and hypertriglyceridemia was 76 (46%), 
90 (55%), 17 (10%), 11 (7%) and 48 (29%), respec-
tively. The prevalence of MetS in these subjects was 
16.3% (27 cases).

Clinical Characteristics
The clinical characteristics of the subjects with 

and without MetS are shown in Table 1. In addition 
to the parameters indicative of MetS, body fat per-
centage, fasting insulin, HOMA-IR (p＜0.001), ALT, 
uric acid (p＜0.01) and HbA1c (p＜0.05) were higher 
in subjects with than without MetS. The TG/HDL-C 
ratio was also higher in subjects with MetS (p＜0.001). 

Fatty Acid Composition
Serum phospholipid fatty acid compositions are 

shown in Table 2. C15:0 and C17:0 fatty acids were 
lower, and C20:3n-6 and C20:4n-3 fatty acids higher 
in subjects with than without MetS (p＜0.05).

Multiple Regression Analysis
The best predictors of fatty acid variations differ-

ing significantly between subjects with and without 
Mets, demonstrated by stepwise regression analysis of 
biological parameters, are shown in Table 3. Body fat 
percentage was an independent negative predictor of 
C17:0, and a positive predictor of log C20:3n-6 and 
log C20:4n-3 (p＜0.01). HDL-C was an independent 
negative predictor of log C15:0 (p＜0.05), and C17:0 
(p＜0.01). Log TG was an independent negative pre-
dictor of C17:0, and a positive predictor of log C20: 
3n-6 (p＜0.05). γ-GTP was an independent negative 
predictor of log C15:0 (p＜0.01). Significant indepen-
dent explanatory variables were obtained; however, the 
adjusted R2 values showed a contribution of less than 
15% for each fatty acid. Thus, no independent rela-
tion of blood pressure or glycemic parameters was 
observed with any fatty acids.

Estimated Desaturase Activity
As shown in Table 4, the estimated desaturase 

activity of D5D(n-6) was lower in subjects with than 
without MetS (p＜0.01).

Table 2. Serum phospholipid fatty acid compositions in sub-
jects with and without metabolic syndrome

without metabolic 
syndrome (n=138)

with metabolic 
syndrome (n=27) p

% of total fatty acids

SFA
12:0
14:0
15:0
16:0
17:0
18:0
20:0
22:0
24:0

MUFA
14:1
16:1
17:1
18:1 cis
18:1 trans
20:1
22:1
24:1

n-6PUFA
18:2 cis
18:2 trans
20:2
20:3
20:4
22:2

n-3PUFA
18:3
18:4
20:4
20:5
22:5
22:6

unknown peak
1

unknown peak
2

0.16±0.13
0.59±0.17
0.17±0.05

28.45±3.56
0.37±0.10

14.50±2.07
0.53±0.13
1.19±0.39
1.07±0.31

0.11±0.05
0.45±0.18
0.07±0.03
7.69±1.42
1.58±0.29
0.25±0.06
0.07±0.06
1.95±0.54

17.12±3.53
0.05±0.02
0.28±0.09
1.73±0.53
7.78±1.64
0.45±0.13

0.18±0.08
0.15±0.07
0.16±0.06
2.93±1.46
1.01±0.30
7.09±2.04

0.12±0.07

1.61±2.30

0.14±0.09
0.55±0.14
0.15±0.04

28.47±2.65
0.33±0.10

14.89±2.03
0.50±0.09
1.17±0.23
1.01±0.19

0.10±0.05
0.45±0.16
0.07±0.02
8.04±1.17
1.49±0.21
0.24±0.05
0.07±0.05
1.84±0.59

17.05±2.24
0.05±0.01
0.29±0.06
1.99±0.67
7.67±1.84
0.42±0.09

0.19±0.05
0.13±0.07
0.18±0.07
2.89±1.60
1.07±0.34
7.17±1.97

0.13±0.07

1.41±1.74

0.495
0.325
0.024
0.978
0.026
0.365
0.289
0.813
0.186

0.493
0.929
0.281
0.230
0.119
0.548
0.799
0.352

0.902
0.331
0.496
0.023
0.754
0.162

0.574
0.170
0.045
0.899
0.401
0.843

0.595

0.671

Values are expressed as the means±SD.
SFA: saturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: 
polyunsaturated fatty acid
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Correlations Among Estimated Desaturase Activities
Associations among estimated desaturase activi-

ties are shown in Table 5. There was a positive corre-
lation between SCD(n-7) and SCD(n-9) (p＜0.01). 
Log D6D(n-3) showed negative correlations with 
SCD(n-7) and SCD(n-9) (p＜0.01). Log D5D(n-6) 
showed a positive correlation with log D5D(n-3) (p＜
0.01).

Discussion

To our knowledge, this is the first study to deter-

mine phospholipid fatty acid compositions and to 
estimate desaturase activities in Japanese men with 
MetS. The number of subjects is semi-epidemiologi-
cal, as those with MetS in the present study received 
no medications or other treatments, such that the 
information obtained was unbiased. The prevalence of 
MetS in our subjects was essentially the same as that 
in the Japanese adult male population as a whole, i.e. 
approximately 15%20, 21).

There have been numerous studies on serum 
fatty acids and coronary heart disease or atherogenic 
risk factors, although few focused on C15:0 and/or 

Table 3. Best predictors of variations in fatty acids in a stepwise backward regression analysis

Predictor beta coefficient p Adjusted R2

log C15:0

C17:0

log C20:3(n-6)

log C20:4(n-3)

γ-glutamyltransferase
HDL-Cholesterol

HDL-Cholesterol
Body fat percentage
log Triglyceride

Body fat percentage
log Triglyceride

Body fat percentage

－0.260
－0.169

－0.281
－0.255
－0.236

0.261
0.195

0.298

0.001
0.026

0.002
0.003
0.014

0.002
0.017

0.000

0.079 (p=0.000)

0.108 (p=0.000)

0.143 (p=0.000)

0.083 (p=0.000)

n=165

Table 4. Estimated desaturase activities in subjects with and without metabolic syndrome

without metabolic syndrome with metabolic syndrome p

number of subjects
SCD(n-7)
SCD(n-9)
D5D(n-6)
D6D(n-3)
D5D(n-3)

138
0.02±0.01
0.55±0.18
4.77±1.26
1.00±0.69

19.54±9.30

27
0.02±0.01
0.55±0.11
4.06±1.08
0.78±0.61

17.14±9.30

0.915
0.995
0.006
0.153
0.202

n=165. Values are expressed as the means±SD.
SCD-1(n-7)=C16:1(n-7)/C16:0, SCD-1(n-9)=C18:1cis(n-9)/C18:0, D5D(n-6)=C20:4(n-6)/C20:3(n-6), 
D6D(n-3)=C18:4(n-3)/ C18:3(n-3), D5D(n-3)=C20:5(n-3)/C20:4(n-3).

Table 5. Correlation coefficients between estimated desaturase activities

SCD(n-7) SCD(n-9) log D5D(n-6) log D6D(n-3) log D5D(n-3)

SCD(n-7)
SCD(n-9)
log D5D(n-6)
log D6D(n-3)
log D5D(n-3)

0.641＊＊

－0.477＊＊ －0.530＊＊

0.635＊＊

n=165, Values are significant correlation coefficients at p＜0.01 (＊＊).
SCD(n-7)=C16:1(n-7)/C16:0, SCD(n-9)=C18:1cis(n-9)/C18:0, D5D(n-6)=C20:4(n-6)/C20:3(n-6), 
D6D(n-3)=C18:4(n-3)/C18:3(n-3), D5D(n-3)=C20:5(n-3)/C20:4(n-3).
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C17:0 results7, 10, 22). C15:0 and C17:0 are contained 
in various plant and animal foods but only in small 
amounts. The percentages of C15:0 and C17:0 in adi-
pose tissue and serum lipid esters have been proposed 
as biomarkers of dietary ruminant fat intake, espe-
cially dairy products23), because the human body is 
unable to synthesize fatty acids with an uneven num-
ber of C atoms, unlike ruminal microbes of dairy cat-
tle24). In this study, the levels of C15:0 and C17:0 
were lower than in Western subjects who probably 
consume more animal fat and less fish oil; therefore, 
the results might partially reflect habitual dietary con-
sumption. As no reports have been published on 
C15:0 and C17:0 fatty acid consumption in Japanese 
subjects, dietary reports designed to clarify the differ-
ences between those with and without MetS are now 
being investigated.

In MetS subjects, the percentages of C15:0 and 
C17:0 in phospholipids were lower than in subjects 
without MetS. Furthermore, C17:0 correlated nega-
tively with HDL-C, body fat percentage and log TG, 
and is suggested to reflect fat storage and decreased 
effects of hepatic triglyceride lipase25). Warensjö et al. 
reported that the proportions of C15:0 and C17:0 in 
serum phospholipids were significantly and negatively 
correlated with serum concentrations of plasminogen 
activator inhibitor-1, tissue-type plasminogen activa-
tor, TG, insulin, specific insulin, pro-insulin and leptin, 
suggesting negative relationships with insulin-resis-
tance syndrome and the risk of coronary heart disease; 
however, they did not measure HDL-C26). The mech-
anisms underlying these results have not been eluci-
dated. Considering that C17:0 is a metabolite con-
verted from PGH1, 8-iso-PGH, 13(S)-hydroxy-PGH2 
and 15-keto-PGH2 by human platelet thromboxane 
synthase27), further studies are needed to clarify the 
role of these minor saturated fatty acids in metabo-
lism, and the involvement of decreased C15:0 and 
C17:0 in MetS.

One of the two rate-limiting steps in the produc-
tion of biologically important PUFA, such as C20: 
4n-6, C20:5n-3 and C22:6n-3, is the desaturation of 
C20:3n-6 to C20:4n-6 and C20:4n-3 to C20:5n-3, 
determined by the activity of D5D. The other step, 
catalyzed by D6D, is the desaturation of C18:2n-6 to 
C18:3n-6 and C18:3n-3 to C18:4n-3.

As no data are available on the n-3 biosynthetic 
pathway in populations consuming fish and fish prod-
ucts daily, we aimed to clarify the significance of the 
PUFA level and to estimate desaturase activity in Japa-
nese. We showed C20:3n-6 and C20:4n-3 fatty acid 
levels to be higher and estimated D5D(n-6) activity to 
be lower in our subjects with than in those without 

MetS. Essentially the same results were reported for 
n-6 fatty acids and D5D(n-6) by Zak et al. in the 
Czech Republic28) and by Warenjö et al. in a Swed-
ish10) study population. We were not able to detect 
C18:3n-6, although its identification has been described 
in European reports. This was considered to be because 
of the difference in dietary n-6 and n-3 PUFA intake. 
Our subjects consumed fish and fish products 9.7±5.0 
times per week, and Japanese people generally con-
sume about 90 g of fish and fish products per day29). 
Thus, a lower level of n-6 PUFAs and higher n-3 
PUFA percentages were obtained in our subjects than 
is Western surveys. In addition, our results indicate 
that despite significantly higher C20:4n-3 fatty acid 
levels, the estimated D5D(n-3) activity did not differ 
between our subjects and those without MetS. As for 
the large intake of C20:5n-3 from fish and fish prod-
ucts, estimated D5D(n-3), calculated as C20:4n-3/
C20:5n-3, does not precisely reflect the n-3 fatty acid 
biosynthetic state. Therefore, we should take into 
account the effects of dietary n-3 fatty acid intake 
when evaluating the appropriateness of the estimated 
D5D(n-3) activity. The C20:4n-3 fatty acid percent-
age might be a better parameter than the estimated 
D5D(n-3) activity for evaluating abnormal n-3 fatty 
acid synthesis.

Nevertheless, C20:3n-6 and C20:4n-3 fatty acid 
levels were higher and the estimated D5D(n-6) activ-
ity was lower in our subjects with than without MetS. 
Furthermore, weak but positive relationships were 
observed between the body fat percentage and log 
C20:3n-6 and log C20:4n-3. These results are similar 
to those obtained in obese children with a significantly 
elevated correlation between plasma C20:3n-6 and 
leptin30). These observations are supported by a report 
describing a negative correlation between C20:3n-6 
and peripheral insulin sensitivity31), as well as high 
SCD and D6D activities and low D5D activity, gen-
erally considered to be associated with an insulin-resis-
tant status32, 33). SCD-1 expression has been found to 
be highly correlated with liver steatosis34). Under lipo-
genic conditions, when increased expression of hepatic 
PPARγ2 lead to elevated SCD, and SREBP-1 was 
activated with increased insulin resistance and hyper-
insulinemia35-37), newly synthesized fatty acids could 
be dominated by saturated or monounsaturated fatty 
acids and the availability of essential fatty acids might 
be limited. The negative correlation between SCD and 
D6D(n-3) indicates an augmenting reaction which 
maintains essential PUFA levels. In this study, esti-
mated SCD did not differ between subjects with ver-
sus without MetS, and ALT was significantly higher, 
although within the normal range, in the MetS group. 
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This indicates that in our MetS group, the degree of 
hepatic steatosis is modest, although lipogenesis might 
be accelerated. Because of the higher consumption of 
fish and fish products by Japanese, n-3PUFA levels 
may still be within the normal range in subjects with 
Mets, possibly contributing to high C20:3n-6 and 
C20:4n-3 fatty acids via low D5D expression and/or 
activity, instead of increased SCD, since dietary PUFA 
reportedly decreases both the activity and expression 
of D5D and D6D12-14).

The other reasons for increased these fatty acids 
are the high biochemical use of C20:4n-6 with less use 
of C20:3n-6. PUFA play important roles as precursors 
of eicosanoids, such as prostaglandins (PG), throm-
boxanes and leukotrienes, which help regulate blood 
pressure, heart rate, vascular dilation, blood clotting, 
lipolysis and immune responses. C20:3n-6 is the 
precursor of series 1 PG, such as PGG1, PGH1 and 
PGE1, which have anti-atherogenic functions. As the 
percentage of C20:4n-6 did not differ between sub-
jects with and without MetS, we consider phospholi-
pase A2 activity, which generates platelet activating 
factor (PAF) and PAF-like phospholipids with release 
of C20:4n-6, to have been accelerated. PAF-like phos-
pholipids are recognized in the atherogenic lipopro-
teins of small, dense LDL38-41). Zak et al. reported that 
the severity of MetS was associated with the progres-
sion of oxidative stress, as evaluated with conjugated 
dienes in LDL28). Their results are consistent with the 
high TG/HDL-C ratio in our subjects with compared 
to without MetS. We have found a TG/HDL-C ratio 
higher than 2.0 to be an easily measured parameter 
which indicates the presence of small, dense LDL in 
first-stage screening42).

In conclusion, fatty acid compositions and esti-
mated desaturase activities were confirmed to differ 
between Japanese male subjects with and without 
MetS, as in other study populations. Further study is 
needed to clarify whether altered fatty acid composi-
tions are associated with MetS with atherogenic and 
thrombogenic mechanisms. The effects of dietary fatty 
acid intake must also be examined.
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