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Abstract

Relationship between lipid intake and obesity has been well-addressed but recent findings indicated that the type of lipid
or composition of lipid in the diet also contributes to body fat accumulation and consequential health outcome. The purpose
of this study was to investigate the status of nutrition intake including fatty acids, lipids and lipid soluble nutrients between
the obese and lean college students and to analyze the relationship between the intake of certain fatty acids and body fat
accumulation. Anthropometric elements including body weight, height, body fat and composition were measured, and dietary
recall was conducted on a total of 114 college students. Data showed that total calorie intake and total lipid intake were
not significantly different between the obese and lean subjects, in both male and female students. However, male obese
subjects ate more amount of plant lipids and palmitic acids (C16:0) from their diet (»p<0.05), while female obese subjects
consumed more linoleic acids (18:2) and linolenic acids (C18:3) compared to normal subjects (p<0.01). Correlation analysis
revealed that the consumption of palmitoleic acid (C16:1) and lipid soluble vitamin D were negatively (p<0.05) correlated
with body fat accumulation in all subjects and these findings were supported by simple linear regression analyses for those
variables. These results implicate that rather than only considering the amount of lipids, suggesting a proper type of lipids
or lipid metabolites can be considered in nutrition counseling or education.

Key words: obesity, fatty acids, palmitoleic acids, vitamin D, body fat

M B P EFF A= YA A ek 2 Aler] 1Apd =

SUNAZFERAL FA 0 st 194] o] 42 5 A&

H|THobesity) 2 2 Q1T+ AAY 22 T, THAHIL o A|4(Body Mass Index: BMI) 25 o]/l afgst= HTte] H]
I 22 v A gk AT A3 wRlo] glon, AEoR 0] A= 37.6%, A= 25.1%2aL Hastgon, At
AFete €% AFY B3, A2 Asd, &5 75 1998 of| A 2013 = Ao] o] H|WHQIF H|&3} H|W A=
2 QA ZA Foll o8 EAAT 4= JATHO Connell 5 2010; Z 7iAdo] o] FofX|A] gk A2 e THMinistry of Health
Ogden 5 2010; Mosaffarian 5 2011). 3] $-2|1}etol| A9 and Welfare & Korean Centers for Disease Control 2014). ~L
HIgE Q19 F7He AA A% 9 AA8E Y A7z g % 19294 'FH 9] BRkEE 7212} 29.3%, 163% Ao A<l

" Corresponding author: So Young Bu, Dept. of Food and Nutrition, Daegu University, Gyeongsan 712-714, Korea. Tel:
+82-53-850-6832, Fax: +82-53-210-8765, E-mail: busy@daegu.ac.kr

-84 -



Vol. 28, No. 1(2015)

7] AAo AFH 12~184] Aopyad o HTHES HA}
16.3%, o2} 9.8%2H H2E7|oA FU7]= o]dqst= Al7]
o] H|ukgo] FAs] 2/} Ao Kl Ministry of Health
and Welfare & Korean Centers for Disease Control 2014).

Aok 7k} 43 S8 Ao AFE ASB ohjel,
aopad gl JU7)o Holexs distyEY v TAE
9 v A AE9 F8 Ydo=w Harg b gIthOgden
S 2010). U 22 of2] AFA Aol s oA FF
o APAES I A2 AR FHHE H2 o] A
A 24, g3, AR 24 5 o AHF 7
ol =ol el vk oy, $dT & A HHE
cigte AT A F77F ZIAPARIA] 23 A YA
AR &} o Fof whzt Ao gt FaAdol EEAI A, AW
2 FUE ALY AGAE 249 Aol JlojA= 1o whE
iAbE] ool gebdo] HaE b glth(Pawar & Jump 2003;
Robbez Masson 5 2008; Sapiro S 2009). 12jy} @A <] H|gt
oAt 25 A7t A7+ L SANA AE Y AF e H-
S AL 249 Aol & HHEE S ¢ o] E AU 4
Ue A= AH ot

E3] gt A7l 25 371 2 Al EEY] 99
o] ZHEHA AYEE 7PN AJDH= o35
o, ARE7]00 vlE 94 ® S5 7139 S7F SoE AL
7 EAISAl= Aol AL, a0 mE2s 4F E4FY A
= Z7181A " thPopkin 5 1996; Gittelsohn 5 2003; Wang
S 2009). TEZF MY Al7]= Aol oA APEA QL Al
9 AZ}ETS sl A]7|o|E2(Wifley 5 1996; Smith
S 2007), o] Al7]o] FEE AAsT 9 A EE 2 o
Al EolA dgE sanzt Adsioha & 4= gl o
A oS e R T FUTA 2 ws2 AAA5HSt
o tEo] SHLE Agde] A7Fer A&E + =R
fresfof stH, o] sliAe WS 4 g2 4H
S 2T AN Rl A Ao tig ZA4o] A3yE
ofof gtrh. azjEE 2 Aol dista Ashd S
= WeE dda A, I SolME HFEe=E AR
o2 Fej o] A4l BTk SIS AR A vA] = 9
TS A A AH Y FE Q) SHEER oy, A3 st
= AHAbe] 2T AR FA 3] ARAES At
SFAT

HiEd
ol

M=z

4

1. SAFCHAERE
2 A= 20119 99HE 20129 94 Apolof AEASH K
feu EoojAe W FAEE 3 BT F 12899

Ak ek AN S o] A 85

SIS TR AF H3eh BT AERA 95 Ay
ek 1 % dlole] 4 3 AEA 24 © AAAS 257
WA 4P A, HEHoR Ave) TPH AL
11470190tk 1 % Wehe 60, ofe sa oz 74
Gl ol5 9] AFL i 27 v 203812 B 1934 Ak

2. NIEE X5 MES IS MAAIF & AR BER

AFPAAREL A5 A =7](DS-102, JENIX, Korea)E ©¢]
gato) 7 e AR A AlEe HT YU A2
AT Alse A6, ADFAT+E AEsHlch E£3 4
A, 24, A=, T, =8, YA =8 §Y
XA A 4= Inbody system(520 Body composition analysis, Bio-
space, Koreay2 o]-§sto 574 9 2433tk AAZFA = At
2 olF WeHH oSy 247 BMI=23¢1 AS HlurE
(obese), 18<BMI<23¢] 7= AAr(Normal) o2 HF35}o]

o159 ZAREEL BAT

3. HYA MA W AZ MF EA

HolgARAHE ATHAAER SholF o F Fobe] Ak
e A7 S shedeh A7 WPAEAA HFe) B
ZF 9 AR Foll disiAl A 7|5 HE w]skaL, FEo|
T 7k’ B4 TS FASIES & 3 4SS 7S
St SHEAL, 4ol 314 SO FAgAISH thEA AT
B 7P 7R E Foll BRI HlstA AAlRE ¢
AAE-2 2HYSHES SloiTh 2AME Ao FAk=E = CanPro,
version 4.0(Computer Aided Nutritional Analysis Program, Korean
Nutrition Society 2011)& o] &84 B+ 1L AL FHE 3HAE
T Hold ok @ AFFE AT 190 199 Bepel
MRS BSETh ABDE 2010 T JPHA7)
Zo|A A 7S] AE o] TATe] IR, ol&F (2
7], A 2ZF T/, AaF FEF - 2 A4S AR
Z Z75to] B4l o]-&stxieh £ theAE2 Aol H
& gEo] HRtEd] IS & 7 e =F AR 5%
ol B HES F7H= AL 248 5 7]
F Aol 253 3A &F 82 52 £t A5t
=5 SR, dAEY S50 did 27] 2 $A4 24
2 W3 17H220 mL, SIEEES 45% 7)) AFHY A &
1755 mL, ¢EEE=S 18% 7€) HAF= Sibsto] #7]
T, £42 ANtk A 43 2 AU 248 A3
A AE FOIHE folxel for FEm, 47 A
A it e BF 2] So2 HE0] 7T AgAt
AFE Addste] B8t on, 1 9o EYLEE, & A
A AR 9 23 AL G7HE RSN, SRR ESA
Ao AR 9 AR HIEE FUHH R E4sYH & a7

ot o AN 1|



86 2 o4 9 A=Al F G AT A
oA AAFR AT AL 24 BA0) BEE Caro409] 1. ATCIAXISO] AFKIS U MK Bt
A& dolgHo] e FUAFFERAIA ST AEFL AR YutAlRto] thet 3= Table 134 Zch A
E 3,13371 5 5487FA| 9] Ao tiet ZaA| 4k £33 TR = —4 Bat7l= vvt FhAl 9] 739 174.846.1 cm,
Aupare] BA o] FFssl] 323% HE O AW S Mol oJ3HYl A 1622472 cmE FAFE(d, 1 Zhzh 1714480
Aoz H1%E v} 9ltiKorean Nutrition Society & Ministry of cm, oA 9] 74 160.9+4.8 cm)Oﬂ H&] YL EA47 0]
Health and Welfare 2014). Zpol7F el ek, o] AL v|urLe] 7|7} FArto| H]
3 FrojFez A Yebdth 2437 AT A, AA
4. SHEA g, s 59 AFATE g 27 H|ghto] A

AT Al AAel B4 vEe MEE o R 29 SYEHTE $AP<005) Uekith 34T Y ¢
3} BEEAR ehfglon], & AF)H AGH RE BA A vlukzel s AR v FH O ¥ vebget
ol AL SAS A TR version 93(SAS Instite,  E FolHE F Hulw A WA IAY 9PL ISAE
Cary, NOZ ol §315ieE, AAH 4% 42 R GF2 A 7h 5 SJAEA7H e Z$ 90 om, o2 ZP 85 em
HFS ST ofA 22 vkEe] et AR oR B ol SIS A7 159 W 250 W 247 250%
ZRIL, F 2 7H 9 Gopas] A AAY FHE £ d63%e] FHATHEIE ANHA 2). Tt ATE
S Aolrk YA BA4E] Stete] UubiH Y (eneralized 9] AP, T mEAA FRANE Aol 30% ol
linear model)& ©|§-3H5ITh. WL ofSPYN BRI RSl dA MRHEI YATo] 22t 4%, o EE
YR 2F o BT B Hol9] HFE Chisquare 237, FHT 9GO vl v &2 ekt Ao Ho}
AL olgoto] BN 0 GYh W APA 4 (s ANTA §), £ ATOIAE vIEE BYAEAA

é,l‘#l

SF AAPE) AL E Pearson’s HREAME 01§ BAZY b WG BMISH A HHS0he] BAC
shiith HVRANA FAHOR fostl ekt AEH A FhAY VAL HYHA Gk ACR walth w3y
AP Be Goae] HAZ ARG FFHOR v wlge Aol Aol T F2H AFeh(Marques-Vidal
L ABEAS dotel GEMFAA BAS ANSEL B 5 2008)2H B DAt} AN IFE EOR e
Ao 47 SEot A HA SE FFL WA Aol L RS ATEE o Bugm ot ojds ge 9
Ao ERENE 915 Y HATY AW HIFL B FoIA BMIE ek Fuey 5 HYABOR A AP S
AP AALNL M0 ANSIGTE BE BHE G5 WHT BANo| W] R vHe BFAL Fa% 71E
RS YL p00SE 71EOR FYSES BB O U ASHT gon, B ATIME S GYh

M EAS IR wEET AR 2R 9lo] BMIE 7]

240} al nEt 203 319THTable 1).

Table 1. Anthropometric measurement of participants

Male Female
Obese” (n=29) Normal® (n=31) Obese (n=23) Normal (n=31)
Height (cm) 174.8+6.17 171.4+8.0 162.247.2% 160.9+4.8
Weight (kg) 78.9£10.3%* 62.0£6.6 67.5+9.5%* 53.845.1
Body fat (%) 24.36.0%* 19.5+7.1 38144 4% 30.1+5.0
BMI (kg/m?) 25.842. 5% 21.0+1.1 25,6169+ 20.7+1.3
Skeletal muscle (kg) 33.6+4.5%* 27.9+4.7 22.6+3.2 20.846.3
Waist circumference (cm) 88.7£7.5%** 75.8+4.1 86.8£7.3* 74.1£4.7
Hip circumference (cm) 100.545.0%*** 92.242.8 98.9+£5.0%*** 90.7£2.5

D Obese subjects: BMI>23

? Normal subjects: BMI<23

» MeantStandard Deviation

4 Significance of different between obese and normal subjects within same gender.
#p<0.05, **p<0.01, ***p<0.001
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Table 2. Consumption of alcoholic beverage and food consumption from six different food group

Male Female
Obese" Normal” Obese Normal

Consumption of alcoholic beverage

Alcohol Yes® 18459 17 12 18

consumption No” 11 14 11 13

Frequency (per week) 0.880.949 0.92+1.1 0.7+1.1 0.7+0.9

Drinking amount per occasion” 0.90+0.93*® 0.85+0.84 0.8+0.9* 0.6+0.6
Food consumption

Cereals 3.1£1.07 3.3+1.0 2.9+0.8 2.9+1.2

Vegetables 5.443.4 5.0£2.5 454£2.8 3.54£2.0

Fruits 0.4+0.8 0.4+0.9 0.4+0.6 0.3+0.7

Meat and fish 45422 49427 4.543.6 4.0+2.4

Dairy products 0.7+1.6 0.4+0.6 1.0£1.3 0.6£0.9

Fats, oils and sweets 6.846.7 6.6+4.5 6.3+5.0 7.1+4.5

) Obese subjects: BMI>23

? Normal subjects: BMI<23

 Number of subject who regularly drink alcoholic beverage.
¥ Number of subject who never drink alcohol beverage.

5) NS..
9 MeantStandard Deviation

" Drinking amounts were expressed as a cup of Soju.

: not significant with Chi-square test on the distribution of students who drink alcoholic beverage between obese and normal subjects.

¥ Significance of different between obese and normal subjects within same gender.

*p<0.05
% Indicated as number of one serving from each food group.
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Table 3. Comparison of nutrients intake between obese and normal subjects

Male Female
Obese" Normal® Obese Normal

Total energy (kcal/day) 1,997.0+646.2” 2,020.6+551.1 1,900.9+755.2 1,926+457.4
Carbohydrate (g/day) 288.7+86.4 292.1480.1 255.5+58.5 269.2472.8
Protein (g/day) 72.8432.6 75.6+24.5 79.3446.1 67.6:24.9
Lipids (g/day) 58.8+27.4 58.6£21.1 61.5+43.6 62.7£26.2
Energy intake from carbohydrate (%) 58.9+5.6 58.7+£5.8 56.4£10.1 56.7+9.9
Energy intake from protein (%) 14.743.1 15.243.1 16.3£3.6 14.1£3.4
Energy intake from lipids (%) 26.446.3 26.045.1 27.3+8.2 29.248.0
Calcium (mg/day) 496.9+288.2 513.54278.4 432.9+150.3 503.1£212.4
Sodium (mg/day) 3,740.8+1545.4 4,193.2+1568.7 3,875.2+1393.8 3,349.5+1,102.0
Iron (mg) 13.845.0 14.0+4.7 13.8+£5.2 134454
Vitamin D (ug/day) 2.9943 5k 5.3+6.8 33127 3324
Vitamin E (mg/day) 16.5+5.9 17.4+6.8 19.9+14.9* 18.4+7.7
Vitamin K (ug/day) 223.4+191.5 196.9+203.4 177.0£151.1 198.5+148.9
Vitamin C (mg/day) 90.0£73.0 63.5+35.8 62.6£29.6 67.0£53.9
Vitamin B, (mg/day) 1.5+0.63 1.6£0.8 1.4+0.9 1.4+0.6
Niacin (mg/day) 14.6+5.1 16.9£6.9 14.7+6.7 13.845.5

D Obese subjects: BMI>23
? Normal subjects: BMI<23
? MeantStandard Deviation

4 Significance of different between obese and normal subjects within same gender.

£p<0.05, **%p<0.001

Ane FHATA 2 AR A el Qed 71U
7ho] Bulul &8 e BAjo] Wad Zow Helth HE
of A Aol gloA B AT BE BRGU)
oA ANSHE AT AW HH 22 F oluA A2
20%H TR Bo] sk o melth 2013w}
Aol 19-294] 4919] B4HE, G, XA GO
A 8L A 61%, 15.7%, 23.3%, 9A}F 63.1%, 14.9%,
2.1%2 B3E i glol, B AT} RIS e AuA
o2 G943k JHE FNAGGERAL ARETH e v,
AW AES B AT ARHY o)k B AT A A
A AREE] T1%] SFoHe 8239) SHgo] A sHRo]
9 3, A, Aold § U el 495 g4
o2 4Eos AE, AARE A P gay T
o] F& AFELS HATHE AHEE ANEA F)T= 7
2291 BAKo] U Ao FAHM, 4B B
ARAQ) JAF BAL B 70| ol Fol Aok & Zolth

Za R7)Av vebg Ao YoAE 24t Hehd D
£ Alelstae 4ol ulukEe] wHe Ao} Aolg 1
olx] ggrom, AUk el e WAl 2UAS

o % SiTh T AFS) A, viwkRol &3 ofsbye 7
& AFEo] Aol vlsl B FFs BHeH(p-0.097), &
o BE AN T4 HHTE B G771 % Korean
Nutrition Society 2010)o| 4] A A|5H= 19~29A] A2l HEA 700
mg, 94 650 mg?| 7| PA|X] Et= ALz UETh
HEH DO HH = g7 AdES Ashd & AT
o] 3 ug oW 2010 =<2l FHHF7IE6 ne)ole vIAA
sl Ao® Uehton, 2013 2uld74 ek A  Ministry
of Health and Welfare & Korean Centers for Disease Control
2014014 AAE 19-294] A219] BFHHE B4 37 g,
o4 2.6 ug?] $HHE 37 o|7h U] gHeth. Tk e}
Ay wlghze] B3t vetel D HAFS AR g0
2 92 Zo= yeyton, ol= gl Do el AAR
ZA7k0) A B4 B3 Shelo] asith vhd, YES
M9 Aol T2k Aol Yok AA AT
UES AZgFo| 3,000~4,000 mg o2 A A E A 7| HWHO)L}
Al F O oFEA A oA A BrAF TR SHF 2,000 mgH
o 15-280 AEIske Aelm, ol 2013 FUAZGFEA
oA BiE H|s3t AR Aoy B 19-294] A<l



Vol. 28, No. 1(2015)

dd9 UES T duss drot

4. Z{7| ChE Rl X|dao] M3 24

HIRhEY Qo] AR S48 22 AN
24.3%2} 19.5%, YA A= 38.1%2} 30.1%2 4 W2 Z}o|
£ Eiol= Bt UA AF €% % “Eh‘”“’“\ﬂ Zpo]
7b fle Ads AFshe AA B9 € 52 g 4
off #olshe shtEe] =4 2ol A%t AL 4 ek
A AL A1 DA E @F AF 719=7 =
= AR AH 9 olE HAske Akl AREa A1d9
AF et 2T B o] e A4 vEY dHEe +7t
2o FASIGtHTable 4). 24 3 F AE AHE, T4
A4, ZHLEHES 2o wE EIAAL DTREESAR
Al T7F E2ESAARY] A B B v A
T 2H 7oA AtolE HolA] ¢hren Ae4d Ad A
o] A% " AA wlnkEo] AT EG HFFel =4

A HbAE A Z o) A2 22 3bo] AFnaA) »

LB THp<0.01). E3F Z3pR|WHAL, @723k 24 o7 P
E XA A HHEES dY BT H|vhE T A 7t
o 9421 2olE HolA| gt

AdE Fot= A4 F AEF Y T vlEo] vl
=1, BAHANAE ou] Sl= A4 A3 423
SHAY HiTk o A= Bu] EAK(palmitic acids, C16:0)] 43 <}t
o}2}7] =Y AHarachidonic acids, C20:4)2] A F|TFo] AA Ml
H3 foHoz =4 Uehger, ol Hgto A=
=& AK(linoleic acid, C18:1)1} 2] XKlinolenic acid, C18:2)2]
AFRe] 942z #A vebith ol7|=YA4t (arachidonic
acids, C20:4), ofo]ZAtHE}o] = 2] AKEicosapentaenoic acids,
EPA, C22:5), T= ZAF3IA}o| 1= 2] XK docosahexaenoic acids, DHA,
C22:6) A F 9] A%, vut=o] W& AFFol 7t th=A
UERtS o 4 90tk B AFolME dhaisol Al
= 249 7135 0 FR0l it AL ool A st
o, o590 AE % Ak Flohe AE 5 AR, et

Table 4. Comparison of pattern of fatty acids intake between obese and normal subjects

Male Female
Obese" Normal® Obese Normal
Total lipids (g/day) 58.8+27.4) 58.621.1 61.5+43.6 62.7426.2
Plant lipids (g/day) 33.7427.3%+ 29.6£15.8 31.3+21.9 31.0£15.9
Animal lipids (g/day) 25.1415.4 29.0+16.2 30.2425.6 31.8419.2
Cholesterol (g/day) 377.84212.8 407.4+217.7 450.9+259.4 426.0£236.7
Saturated fatty acids (mg) 13.248.5 10.9£7.0 12.3£8.2 14.4+9.4
Mono-unsaturated fatty acids (mg) 14.6£8.3 12.3£6.1 14.949.5 14.5£9.2
Poly-unsaturated fatty acids (mg) 11.24£5.8 10.0+4.7 12.6£8.1 11.1£5.4
Ratio (SFA:MUF:PUF) 1:1.2:0.8 1:1.3:1.0 1:1.3:1.0 1:1.2:0.8
Type of fatty acids (mg)
Myristic acid (C14:0) 0.67+0.86 0.65+0.77 0.52+0.49%* 0.86+0.93
Myristoleic acid (C14:1) 0.04+0.07 0.04+0.08 0.03+0.05* 0.06+0.09
Palmitic acid (C16:0) 8.23+7.02%* 6.80+3.90 6.56+3.60 8.76+5.59
Palmitoleic acid (C16:1) 0.59+0.34 0.64+0.37 0.50+0.35 0.60+0.48
Stearic acid (C18:0) 3.02+1.54 2.83£1.77 2.77+1.60 3.78+2.40
Oleic acid (C18:1) 12.8447.23 11.3245.70 10.9 +5.61 13.7 +8.35
Linoleic acid (C18:2) 9.06+4.14 8.50+4.62 10.44+7.5% 9.54+5.05
Linolenic acid (C18:3) 0.85+0.45 0.88+0.58 1.1320.97** 1.03+4.8
Arachidonic acid (C20:4) (ug) 1.55+3.48** 0.90+2.01 0.83£2.11%* 2.06+4.22
Eicosapentaenoic acid (C20:5) 0.03+0.10%** 0.13+0.33 0.06:£0.19%* 0.03+0.11
Docosahexaenoic acid (C22:6) 0.07+0.27%** 0.28+0.75 0.16:£0.44%** 0.06+0.25

D Obese subjects: BMI>23
? Normal subjects: BMI<23
3 Mean+Standard Deviation

4 Significance of different between obese and normal subjects within same gender.

£p<0.05, **p<0.01, ***p<0.001
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Tale 5. Correlation between fatty acids and main nutrient intake and body fat accumulation

Total lipid  Plant lipid  Animal lipid Chol" Saturated fat MUFA? PUFAY Trans fat
Body fat 0.117 0.115 0.058 0.020 0.034 0.015 0.071 -0.025
C14:0 Cl6:1 C18:0 C18:1 Cl18:2 Cl18:3 EPAY DHAY
Body fat -0.116 =019+ -0.044 -0.054 0.078 0.128 0.169 -0.117
y . (0.0342) . . . . . .
Vitamin A L . L. . L. .. ..
. Vitamin D Vitamin E Vitamin K Vitamin C Vitamin Bg Thiamin Niacin
(Retinol)
Body fat -0.077 - 0.239* 0.068 -0.097 -0.071 -0.026 -0.054 -0.166
y . (0.0107) . . . . . .

D Chol: Cholesterol

2 MUFA: Monounsaturated fatty acids

? PUFA: Polyunsaturated fatty acids

EPA: Eicosapentaenoic acids

DHA: Docoxahexaenoic acids

Significance of correlation coefficient between body fat
*p<0.05

and selected variables.
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6. Palmitoleic acid?t HIEIR! D2| Mo} | X[ S={n}
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Fig. 1. Simple linear regression model of nutrient intake
and body fat accumulation. Simple linear regression model
and coefficients were analyzed for the association between
(A) palmitoleic acids intake and percentage of body fat,
and (B) vitamin D intake and percentage of body fat in
total subjects. In the regression model, y=body fat (%), x=
amount of (A) palmitoleic acids, or (B) vitamin D.
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