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< Abstract>

The purpose of this study was to investigate the correlation of dietary and serum phospholipid fatty acids
composition and serum lipid levels in postmenopausal women. Data about anthropometry, dietary intake, physical
activities, serum lipid profile and serum phospholipid fatty acid composition were collected from eighty-five
postmenopausal women. The subjects were classified as normocholesterolemia (NC), moderate hypercholesterolemia
{MC) and hypercholesterolemia (HC) according to their serum total cholesterol (TC) levels based on The Guideline for
Korean Hyperlipidemia set/published by The Committee for Hyperlipidemia in Korea. The results were as follows.
Total energy intake and the ratio of energy intake to energy expenditure were positively related, while dietary fiber
intake was negatively related, with serum TC level. Dietary fat intake was positively related with serum LDL-C level.
Dietary cholesterol, saturated fatty acid (SFA), monounsaturated fatty acid (MUFA) intake and the ratio of ingested
saturated fat and cholesterol to calories (RISCC) were positively related, while the P/S ratio of dietary fat was negatively
related, with serum TC and LDL-C levels. Serum phospholipid fatty acids composition was not significantly different
among the three groups. SFA of serum phospholipid fatty acids was positively related, while P/S and M/S ratios of
serum phospholipid fatty acids were negatively correlated, with serum TC and LDL-C levels. We recommend that the

Corresponding Author: Sang-Yeon Kim, Ph.D., Dept. of Food and Nutrition, Hanyang Woman’s College, 17 Haengdang-dong, Seongdong-gu, Seoul
133-070, Korea Tel: 82-2-2290-2156 Fax: 82-2-2290-2156 E-mail: ksy0405 @hywoman.ac.kr

—85-



2 e FEEEIR| : K448 75, 2006

dietary P/S ratio of postrmenopausal women is increased by reducing their dietary SFA intake. With these changes in
the diet, serum phospholipid fatty acid composition could be also changed, and serum lipids levels could be improved.
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<Table 1> Anthropometric characteristics of the subjects

Variables NC(n=23) MC(n=33) HC(n=29) p-value?)

Age(yr) 54.6+0.7D 54.1+£09 54.1+£09 0.651
Height(cm) 158.71+.0.6 1589408 158.610.8 0.965
Weight(kg) 56.8+12 586+1.1 609+12 0.068
BMI(kg/m?) 228+0.5 2321404 241404 0.117
Waist circumference(cm) T772+13 778115 78015 0.923
Hip circumference(cm) 932+£1.0 924+13 93.840.9 0.661
WHR 0.83+0.01 0.85+0.02 0.83+0.01 0.675

1) mean + SEM

2) p-value by oneway ANOVA

NC: normocholesterolemic(<200mg/dl) group

MC: moderate hypercholesterolemic(200-239mg/d}) group

HC': hypercholesterolemic( > 240mg/dl) group

WHR : waist and hip ratio = waist circumference/hip circumference

<Table 2> Daily nutrient intakes of the subjects

Variables NC MC HC p-value®
Energy(kcal) 1832.3 +107.81a2) 1965.0 + 105.02b 2249.8+107.3b 0.036
Energy intake/energy expendinure(%) 85.2+4.12 88316.02 107.1£5.2b 0.015
% of total energy
from protein 1341052 15.1+0.60 15.5+0.5v 0.030
from fat 148+£1.5 184 +1.2b 21.0+1.10 0.008
from carbohydrate 69.5+1.9b 642+ 1.63b 61.5+1.22 0.006
Protein(g) 62.3+5.32 754+6.12b 87.3+4.60 0.019
animal protein(g) 1848+3.052 31.03+4.030 35.80+2.800 0.008
vegetable protein(g) 43.84 +3.40 44.38+2.85 51.52+2.89 0.155
Fat(g) 309+4.32 422 +4.6% 534+42b 0.007
animal fat(g) 14.69 +2.662 22.21+2.72% 28.00+2.39b 0.007
vegetable fat(g) 16.07 £2.162 19.34 +2.002b 24.75+1.98b 0.023
Carbohydrate(g) 3150£173 309.7+134 343.8+£16.3 0.244
Dietary fiber(g) 228420 232+23 258120 0.591
(g/1000kcal) 123408 11.6+0.8 11.5+0.7 0.778
Calcium(mg) 568.1+73.4 716.1+663 821.1+662 0.062
(mg/1000kcal) 304.1 £26.9 35711222 361.5+20.1 0.200
Phosphorous(mg) 1039.0£89.12 1191.6+88.1ab 1373.0+£79.6b 0.048
(mg/1000kcal) 556.1£21.3 600.0+209 607.8+194 0.228
Fe(mg) 124£10 147+13 170£12 0.052
(mg/1000kcal) 6.7+03 74404 7.5+04 0.290
Thiamin(mg) 1.2+0.1 1.3+0.1 1.5+00 0.060
(mg/1000kcal) ©07£00 0.67+0.0 0.7+£00 0.584
Riboflavin(mg) 1.1+0.12 1.4+0.13b 1.7+0.1b 0.005
(mg/1000kcal) 0.6+0.02 0.7+0.0b 0.7£0.00 0.026
Niacin(mg) 13.8+1.02 17.6 £ 1.62b 20.1+1.2b 0.019
(mg/1000kcal) 7.5+0.22 8.8+0.5b 9.0£0.4b 0.048
1) mean +SEM
2) Values with different alphabets within the same row are significantly different among groups at @=0.05 by Duncan’s multiple range test.
3) p-value by oneway ANOVA

NC': normocholesterolemic(<200mg/dl) group
MC : moderate hypercholesterolemic(200-239mg/dl) group
HC:: hypercholesterolemic( > 240mg/dl) group
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<Table 3> Partial correlation coefficients between daily nutrients
intake and serum lipids level adjusted for energy

Nutrients TC? | LDL-C% |HDL-C»| TG®
Energy(kcal)®) 0.415%*% | 0.398** ) 0.197 0.126
Energy intake 0423** | 0.378** | 0.180 -0.012
fenergy expenditure? :
% of total energy |
from protein 0.112 0.137 -0.020 -0.033
from fat 0.223 0236* | 0.114 -0.135
from carbohydrate | -0.120 | -0.215 -0.086 0.115
Protein(g) 0.041 0.082 -0.023 -0.071
animal protein | 0.175 0.193 0.120 -0.157
vegetable protein | -0.260* | -0.216 -0.278* 0.168
Fat(g) 0.201 0.232* | 0.099 -0.163
animal fat 0.224 0.238* | 0.155 -0.179
vegetable fat 0.046 0.095 -0.073 -0.038
Carbohydrate(g) | -0.157 | -0.194 -0.072 0.154
Dietary fiber(g) | -0.264* | -0.212 -0.226 0.096
Calcium(mg) 0.020 | -0.008 0.087 -0.022
Phosphorus(mg) | -0.088 | -0.161 0.093 0.073
Fe(mg) -0.031 0.038 -0.234* | 0078
Thiamin(mg) -0.089 | -0.092 -0.089 0.093
Riboflavin(mg) 0.182 0.203 0.072 -0.111
Niacin(img) 0.039 0.052 -0.009 -0.019

1 Correlation coefficients between energy intake and serum
lipids level

2) Energy intake(kcal)/energy expenditure(kcal) X 100

3) TC, Total cholesterol

4) LDL-C, Low density lipoprotein cholesterol

5) HDL-C, High density Lipoprotein cholesterol

6) TG, Triglyceride

*p<0.03, **p<0.001, p-value by Pearson’s correlation analysis
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<Table 4> Dietary cholesterol and fatty acids intakes of the subjects

Variables NC MC HC p-value®
Cholesterol(mg) 107.2+18.3D22) 158.5+20.82 2244 +18.9b 0.001

mg/1000kcal 57.6+8.42 : 769+7.62 99.8+6.9b 0.002
SFA(g) 6.62+0.893(30.35+ 1.35)% 9.96+0.95b(33.30+ 1.10) 1201 +£1.130(31.87+1.20) | 0.004(0.236)
MUFA(g) 6.97 +0.902(32.00 + 0.65) 10.08 +1.01b(32.98 +0.49) 12.58 +1.005(33.61+0.56) | 0.002(0.176)
PUFA(g) 7.95+1.068(37.64 £1.79) 1036+ 1.1830(33.71+1.41) | 12.51+£0.955(34.52+1.59) | 0.032(0.215)
w6(g) 6.981+0.963(32.93+1.57) 8.73+1.0136(2841+1.32) | 10.76+0.845(29.56 +1.42) | 0.043(0.093)
w3(g) 0.97 +£0.123(4.72 £ 0.47) 1.62+0.245(5.30+0.53) 1.75+0.20b(4.96 +0.55) 0.045(0.737)
P/S 1.33+0.12 1.09+£0.09 1.16+0.10 0.265
M/S 1.08 £0.04 1.01+0.03 1.08 +0.04 0.269
w6/w3 7.716+0.62 6.87+0.73 7.341+0.85 0.714
CSI 120172 18.0+1.9b 23.3+2.00 0.001
RISCC 6.5+0.8 8.8+0.60 103+0.60 0.002

1) mean + SEM

2) Values with different alphabets within the same row are significantly different among groups at@=0.05 by Duncan’s multiple range test.
3) p-value by oneway ANOVA

4 Values in parenthesis are % of total fatty acids

SFA, Saturated fatty acid = Myristic acid + Palmitic acid +Stearic acid

MUFA, Monounsaturated fatty acid = Oleic acid

PUFA, Polyunsaturated fatty acid = Linoleic acid + Linolenic acid + Arachidonic acid + Eicosapentaenoic acid + Docosahexaenoic acid
@6 = Linoleic acid + Arachidonic acid

@3 = Linolenic acid + Eicosapentaenoic acid + Docosahexaenoic acid

CSlI(cholesterol/saturated fat index) = (0.01 X SFA g) + (0.05 X cholesterol mg)

RISCC(ratio of ingested saturated fat and cholesterol to calories) = CSLkcal X 1000

NC : normocholesterolemic(<200mg/dl) group

MC : moderate hypercholesterolemic(200-239mg/dl) group

HC : hypercholesterolemic( > 240mg/dl) group

<Table 5> Individual fatty acid intakes of the subjects

Fatty acids NC MC HC p-value?
Myristic acid(g) 0.65+0.11D2)(2.89+0.35)9| 1.08+0.115(3.69+0.27) 1.2340.195(3.18 £0.31) 0.026(0.171)
Palmitic acid(g) | 4.54+0.57%(21.09+0.66) 6.66+0.635(2231+0.62) | 7.99+0670(21.39+0.59) | 0.003(0.348)

Stearic acid(g) 1.43 +0.222(6.37 £ 0.40) 2.22+0.235(7.30+0.26) 2.80+0.295(7.31 40.35) 0.003(0.097)
Oleicacid(g) | 6.97£0902(32.00+0.65) | 10.08+1.015(32.98+0.49) | 12.58+ 1.00°(33.61+0.56) | 0.002(0.176)
Linoleic acid(g) 6.95£0.95432.80 £ 1.57) 8.68+1.0180(28.26 +1.33) | 10.71+0.842(29.39+1.42) | 0.044(0.091)

Linolenic acid(g) | 0.69+0.09(3.4710.47) 0.99 +0.17(3.41 +£0.48) 1.09+0.13(3.15+043) 0.194(0.891)
Arachidonic acid(g) |0.03+0.012(0.13+0.02) 0.05+0.01350.15 +0.02) 0.06 +0.01%(0.17 £0.01) 0.027(0.215)
Eicosapentaenoic acid(g) | 0.09 +0.02(0.41 £ 0.07) 0.21+£0.05(0.62£0.10) 0.22 £0.03(0.60+0.08) 0.115(0.245)
Docosahexaenoic acid(g) | 0.19 +0.04(0.84 +0.12) 0.42+0.09(1.28 £0.19) 0.44 +£0.07(1.21+0.19) 0.090(0.230)
D) mean + SEM

2) Values with different alphabets within the same row are significantly different among groups at @=0.05 by Duncan’s multiple range test.
3) p-value by oneway ANOVA

4) Values in parenthesis are % of total fatty acids

NC : normocholesterolemic(<200mg/dl) group

MC : moderate hypercholesterolemic(200-239mg/dl) group

HC : hypercholesterolemic( > 240mg/dl) group

Az 9 F} DA A ko] S-2J51A Wk i, o-linolenic acid(LNA) A A & 7t EAHL
7R ESFRAERI linoleic acid(LA)S} arachidonic 2 o3t Zo)7l i9i), Eicosapentaenoic acid(EPA)S}
acid(AA) BB ARG TYFFNA o5k Wk docosahexaenoic acid(DHA) A3HFS A £ S 24
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<Table 6> Partial correlation coefficients between dietary fatty
acids intakes and serum lipids level adjusted for energy

Fatty acids TC | LDLC | HDLC | TG
Cholesterol(mg) 0.372* 0427%*% | 0.122 -0.233*
SFA 0.263* 0.270* 0.204 -0.213
MUFA 0.237* 0.276* 0.097 -0.179
PUFA -0.007 0.037 -0.073 -0.029
w6 -0.024 0.016 -0.059 -0.035
3 0.051 0.085 -0.077 0.003
P/S -0.228* | -0.229*% | -0.268* 0.265*
M/S -0.160 -0.158 -0.270* 0.265*
wblw3 -0.131 -0.153 0.118 -0.078
Myristic acid(g) 0.198 0.161 0.280* | -0.190
Palmitic acid(g) 0.254% 0.268* 0.182 -0.207
Stearic acid(g) 0.298* 0.317* 0.186 0.222
Oleic acid(g) 0.237* 0.276* 0.097 -0.179
Linoleic acid(g) | -0.026 0.013 -0.060 -0.033
Linolenic acid(g) | 0.050 0.061 -0.176 0.159
Arachidonic acid(g) | 0.193 0.265* 0.042 -0.203
Eicosapentacnoic acid(g) | 0.024 0.062 0.018 -0.107
Docosahexaenoic acid(g) | 0.031 0.063 0.027 -0.101
CcsIb 0.525%* | 0.554** | 0.270* | -0.299*
1) CSI(cholesterol/saturated fat index) = (0.01 SFA g) + (0.05

cholestero] mg)

*p<0.05, **p<0.001, p-value by Pearson’s correlation analysis

SFA, Saturated fatty acid = Myristic acid + Palmitic acid +Stearic
acid

MUFA, Monounsaturated fatty acid = Oleic acid

PUFA, Polyunsaturated fatty acid = Linoleic acid + Linolenic
acid + Arachidonic acid + Eicosapentaenoic acid +
Docosahexaenoic acid

@6 = Linoleic acid + Arachidonic acid

@3 = Linolenic acid + Eicosapentaenoic acid + Docosahexaenoic

acid
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<Table 7> Serum phospholipid fatty acids composition of the subject

Relative wt %
Variables NC MC HC p-value?
Myristic acid 0.63+0.02D 0.70+0.01 0.70+0.03 0.132
Palmitic acid 43781197 4707+1.12 45.93+1.30 0.296
Stearic acid 25281097 26.17+£0.69 24.46+0.68 0.246
Oleic acid 4.61+£047 478+0.33 5.41+0.31 0277
Linoleic acid 1447+ 1.16 12.86+0.73 14.574.0.90 0.269
Linolenic acid 0.21+0.02 0.21+£0.02 0.21£0.01 0.970
Arachidonic acid 4.88+0.88 3324043 4544045 0.052
Eicosapentaenoic acid 0.87+0.10 0.73 +£0.06 0.77£0.06 0.427
Docosahexaenoic acid 3224051 2.76+0.33 343+£034 0.390
b mean + SEM
2) p-value by oneway ANOVA
NC : normocholesterolemic(<200mg/dl) group
MC : moderate hypercholesterolemic(200-239mg/dl) group
HC : hypercholesterolemic( > 240mg/dl) group
35
8 2 30
= (3]
§ S 25
Z 8 20
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<Figure 1> Comparison of SFA, PUFA and P/S ratio in diet and
serum phospholipid. NC, normocholesterolemic
group; MC, moderate hypercholesterolemic group;
HC, hypercholesterolemic group
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<Figure 2> Comparison of w6 fatty acid, »3 fatty acid and w6/w3
ratio in diet and serum phospholipid. NC, normocho-
lesterolemic group; MC, moderate hypercholes-
terolemic group; HC, hypercholesterolemic group
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<Table 8> Correlation coefficients between serum phospholipid
fatty acids composition and serum lipids level

Relative wt %

Nutrients TC3) | LDL-CH |HDL-C| TGS
SFA 0.296* | 0.257* 0.187 | -0.118
MUFA 0074 | -0.091 0.095 0.305
PUFA -0.206 -0.181 -0.022 | -0.021
Wb -0.160 | -0.128 -0.019 | -0.049
w3 -0.078 -0.072 -0.095 0.076
P/S -0.332% | -0.271* | -0.133 0.042
MiS -0330%* | -0411%¢ | 0.109 0.314*
wbla3 -0.066 | -0.113 0.207 | -0.087
Myristic acid 0.161 0.091 0.169 0.009
Palmitic acid 0.200 0.198 0.195 | -0.184
Stearic acid 0.043 0.057 -0.019 | -0011
Oleic acid 0074  -0.091 0.095 0.305%*
Linoleic acid -0.074 -0.039 0.023 | -0.099
Linolenic acid -0.125 -0.077 -0.160 0.040
Arachidonic acid | -0.120 | -0.133 -0.087 0.111
Eicosapentaenoic acid | -0.160 | -0.098 -0.141 | -0.007
Docosahexaenoic acid | -0.021 -0.037 -0.046 0.079

#p<0.05, **p<0.001, p-value by Pearson’s correlation analysis
SFA, Saturated fatty acid = Myristic acid + Palmitic acid +
Stearic acid
MUFA, Monounsaturated fatty acid = Oleic acid
PUFA, Polyunsaturated fatty acid = Linoleic acid + Linolenic
acid + Arachidonic acid + Eicosapentaenoic acid +
Docosahexaenoic acid
@6 = Linoleic acid + Arachidonic acid
@3 = Linolenic acid + Eicosapentaenoic acid + Docosahexaenoic
acid
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