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Abstract

This study was catried out to compare the hair mineral status of obese, over-weighted and non-obese individuals, to gather
basic data for customizing menu development and to create an education manual for the obese persons. Food preferences
or various disease states could be suggested by different mineral patterns in TMA(tissue mineral analysis). The results
indicated that Zn status was considerably lower in the obese individuals than in the non-obese(p<0.001) whereas hair
Na(p<0.0001), K(p<0.01) and Fe(p<0.05) were at significantly higher levels in the obese individuals. The ratio of
Ca/K(p<0.001) was significantly lower in the obese than in the non-obese. But the levels of hair toxic minerals such as
Sb, As, Hb, Al et al. were not differ according to BMI groups. The obtained data demonstrate the changes of hair mineral
content In both overweight and obese individuals thus suggesting metabolic mineral disturbance in those groups.
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kg/mi, TA| ST 24.1720.63 ke/mr, BT 27.7249.79 ke/
m'o| oW, /A Sl vla) 2| FT vgkro] fe)F e
2 717} A1 AF= A JeEhTHP<0.001).

2. BMIO|l IHE 2H =X LY oju|E &2t

BMIe] w2} 2k 22] W] Ca, Mg, Na, K, Cu, Zn, P, Fe, Mn,
Cr, Se, B, Co, Mo & S9| &&2 vt A= Table 29}
Zoktt. 2dk 22 1] Mg, Na, K, Fe @ ©o}3(Zn)oll A= BMI
o WE /A 2ol 7t YEsE, rladlaMg) B4
T3} H|REo vlg] HAFTo] & FEFS Ko YE
FNay> A Fo] Z715 wet 2 |l 3% F7kehe 4
S HAFATHp<0.0001). By 2] ZHEK)E Nadt 2
2 3% B Rt £E845 Bopzlon B3 A

Table 1. Distribution of the subjects by BMI gmupl)

e SERELILE R

Azl vls) vigtatoll A fo)stAl EUTHp<0.01). E&
Al Aol F71eel meE foH o Frtete AEE

oo gl B old(Zn) FFL HINIET 2=
Aadte A3dE B el S VNl sesE 2R 2
A o} F=rt AastH o, BAAFT 7ETE
3= R THp<0.001). Margarita V= 2238} X9 9] 46~ 604
oA 1,4708 & Ao g wyk 23] vy A% Z
7}, BME> 30 kg/m'el ©d43e) A9 =ut 22 o) Na# K &
o] koo, vy o3 F] FEE AstE AR W
astdA B zAMAR = dAEe 2HE ERARIH
Chen'"& E}o] ghol| A vlutza} A 3te] 2dkal )
old(Zn) FEE Blug A, BTl vl H]Fhol A
olA(Znye] FeldtAl YA HEHAT o, o
3t A= B ALY Ao} g} Zg(Ca), vF1)
HFMg)9] v &2 A FTAA i o= BE= BA
o, A A ST vivkE Ale]dlA s et gtk =
ik 22 1) o} e FAE Al HEARe A 0) =
e Aog B, oo #4'Me 2 249 ofddo]
A&d, A&

2 ojglo] g5 thal 93 2Qle) BT} STk
Ag BETAN H|EkEA}o] ] 2k ofelo] ojele] Paw
7} A% Aole] BRYE wedste NEE AHET 5 9
S B3I}, B AN E BMIL F7185E Rt
A Fo| Aastgon, o=dd AL v HAF

AZCr) Al A7, A2, e A2 Bol SR8,
759 T4} @), A2 TR BAY w27 =
etz wiv) Wide g 5 FAIES AFH s A7
Aadle Aoz BT, B AT A}, wd 22y 282
A =Rt AA 235} n)vktol A e Aeks B o),
oA Aol UERER] e¥sith B-2B)et A E w(Se)y
H|RE7) 2205 78k 2= B3, FEl(Cue 34
FToA BoldHA 2 AgS BArh

NW(n=64) OW(n=20) OB(n=64) F
Height(cm) 159.84+20.1% 164.10+8.65 162.1648.71 0.767
Weight(kg) 5425+ 5.62° 65.56:+8.43° 72.89:9.80° 86.39***
BMI” 20.56+ 1.27° 24.1740.63" 27.7242.55¢ 228.97*%*

D BMI group: NW(normal weight): 18.5<BMI<23, OW(overweight): 23<BMI<25, OB(obese): 25<BMI, ? Mean+SD,
) BMI: Body Mass Index(kg/ m?), ¥ 27 different letter indicate significant difference at @=0.05 in a row, > **¥p<0.001.
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Table 2. Comparison with the nufritional minerals in hair tissue by BMI group

Hair Mineral Contents by BMI 259

(unit: mg%)

NW(n=64) OW(n=20) OB(n=64) F value Normal range4)
Calcium 111.36 + 75.33" 127.8 £110.26 1025 + 75.92 0.765 22~97
Magnesium 798 + 4959 1224 + 13.16° 780 £ 6.95° 3.021 2~11
Sodium 11.17 + 13.61° 294 + 27.46° 35.25 + 33.69° 14,288% %%+ 4~36
Potassium 10.52 + 28.64° 14.45 + 14.95% 20.80 = 35.52° 6.667** 2~24
Copper 307 £ 325 541 + 15.52 3.16 + 623 0.864 0.9~3.9
Zinc 17.17 + 2.62° 138 = 2.69° 123 + 3.0° 49 427%%* 10~21
Phosphorus 1528 + 2.32 1535 = 2.94 1483 + 2.62 0.627 11~20
Iron 077 + 025 0.88 + 0.46 1.03 £ 0.68 4.392% 0.5~1.6
Manganese 003 £ 0.03 0.03 + 0.03 004 £ 0.07 1.764 0.01~0.13
Chromium 0.11 £+ 0.49 0.06 + 0.08 0.05 + 0.02 0.481 0.02~0.08
Selenium 0.06 + 0.02 0.06 £ 025 0.07 £ 0.03 1.600 0.03~0.18
Boron 005 £ 0.05 0.06 + 0.08 0.08 = 0.12 1.805 0.24~0.91
Cobalt 0.003+ 0.007 0.001= 0.00 0017+ 0.125 0.557 0.001~0.003
Molybdenum 0.004+ 0.003 0.004+ 0.002 0.005+  0.009 0.984 0.003~0.008
Sulfur 4,290.53 +358.46 4,191  +247.79 4305  +321.73 0.936 2,651 ~4,441

" MeantSD, ? *: Different letter indicate significant difference at @=0.05 in a row, D 50,05, **4p<0.01, ***p<0.001, ****p<0.0001,

Y Adapted from ref. 13).
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(antimony: Sb), -7-2h&(uranium: U), Y] Ax(arsenic: As), W2 &
(beryllium: Be), (mercury: Hg), 7F=E(cadmium: Cd), ‘&
(lead: Pb)2} LF1|F(aluminum: ADS] 2w 22 j &

OE#
2

Table 3. Contents of the toxic minerals by BMI group

zpol 7} I ERE v w3l & AT = Table 332+ ZUT. ol&

A FEEL BMIC] e F84<1 Ao 71 A2 A °-"2lt‘r-
A o|E Fa4 nulZEe] 2 9 AU F4 A=E
veRd 4= glov) BMIY| WE Alole gle ALE Bt |
o] AL A Fo] F7HEGE 2 23 U Pb w27 ST
7A8EE HP ot foAQl Aol gt Be 4 vl
o] ko] 7§” HHOﬂ 3o opgh v|vkre] -5 ot
ol A FTEY & @S e

4. BMIO|| [E 2E ZF|LY J|El HASS| et
A w2 4o nd2 =4 vjdlE agla 7]g

AER FREcE 2 2H A T]er 929 A= rhE(ger-

(unit: mg%)

NW(n=64) OW(n=20) OB(n=64) F value Normal range

Antimony(Sb) 0.0110+0.056" 0.045 +0.0095 0.0010+0.0015 0.407 <0.007
Uranium(U) 0.0099:0.0309 0.0051+0.0100 0.0368+0.1020 2.887 <0.017
Arsenic(As) 0.0120+0.0170 0.0.011+0.0056 0.0098+0.0059 3.277 <0.02
Beryllium(Be) 0.0010+0.0000 0.0011+0.0002 0.0009::0.0001 2.597 <0.001
Mercury(Hg) 0.1276+0.1400 0.1337:£0.700 0.1315+0.9854 3311 <0.18
Cadmium(Cd) 0.0018+0.0020 0.0028+0.0051 0.0029:£0.0034 2.065 <0.014
Lead(Pb) 0.0989:+0.0264 0.1205+0.0945 0.1341:0.1936 1.122 <0.3
Aluminum(Al) 0.5350+0.7061 0.5300+0.3197 0.6910+0.4587 1.403 <01.8

Y MeanzSD.
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Table 4. Contents of the trace elements by BMI group (unit: mg%)
NW(n=64) OW(n=20) OB(n=64) F value

Germanium(Ge) 0.0053+0.0016" 0.0055 +0.0016 0.0073+0.098 1.605
Barium(Ba) 0.16838+12.21 0.1319 +0.1367 0.6072+3.0455 0.401
Bismuth(B1) 0.0119+0.0312 0.0100 +0.0133 0.0153+0.0329 0.326
Rubidium(Rb) 0.0114+0.0284 0.01490+0.0142 0.0368+0.0641 5.08*
Lithium(Li) 0.0029:+£0.0075 0.0013 +0.0009 0.026 +0.143 1.136
Nickel(N1) (0.03430.0467 0.0399 +£0.0481 0.0336+0.0363 0.174
Platinum(Pt) 0.0010+0.0002 0.0510 +0.2234 0.0166+0.1249 1.449
Thaillium(T1) 0.0005+0.0003 0.0005 £0.0000 0.0007+0.0012 0.917
Vanadium(V) 0.0178+0.0771 0.0057 +0.0029 0.0074+0.0135 0.809
Strontium(Sr) 0.5692+1.3020 0.6075 +0.6380 0.3749+0.3309 0.910
Tin(Sn) 0.0247+0.552 0.0310 +0.0472 0.017630.0192 0911
Titanium(T1) 0.1002+0.0937 0.1115 +0.0659 0.0928+0.0402 0.552
Tungsten(W) 0.0017+0.0016 0.0016 +0.0014 0.002040.0017 0.699
Zirconium(Zr) 0.0270+0.1239 0.0105 +£0.0022 0.0139+0.0167 0.532
Y Mean+SD.

Table 5. The relative ratio of the nutriional minerals

manium: Ge), BYHg(barium: Ba), H] 252 (bismuth: Bi), FH| &
(Rubidium: Rb), &]E(lithium: Li), Y& (nickel: Ni), Z2}E] &
(platinum: Pt), E}2]&(Thaillium, Ti), BF-E (vanadium: V), 2
E E E(strontium: Sr), ©(Tin: Sn), ElElE(Titanium: Ti), B A
gl(tungsten: TW), R| Z&(zirconium: Zr)E 2AFSF A3} Ta-
ble 49} Z3tt} BMIo| WE o) & vlwe) &2 A} )50
F718rE FH|ERb)©] SUFIR W, T-E VFF v Ze
A Zpol7t gle ACE el 7889 B4 ots== o
Fo gk o) Aol 0}5-‘:—4 AF o) F7HEFE B
2] FH) g dheo] dAste ZoE EJ_Q%IOLV‘” H]
Thatol A2 BERYSc vyl 27 9] el YAE o
3l v A7} SHSHA] BB R gk vnka) 1k ] FH
w TEvte] TA Y digt 2o} B A 2838 Ao
= Holt}

5. BMIO T2 2 ojujgke] AN IS

mylgzke] A Hl-%% g vdEe] ok 2o

ol 7ke] AU A8 ukedd Axe el 4= gl
meb s =AU G Plvl2e] ¥l&-S BMI 21FHE ¥
w3l Bpeh A $9e 4 A4S ez 3 Aol
At vlakte] 2k A CaMg B|&2 TA 2R 2}
7F a2 Basiied, & 479 A3elA = BMIY] e

;2-;&11,}] Ca/Mg H]E—q 7(]-0] J—J'?]“EJZ] ololq_ 1:.-11)

A Fro| 72

g 7z JEEQ} ”‘“401 glev CaMg -’IEHI“ 2] ”ﬂrﬁr%ﬂ
7} 282 BusteA Ho)g BY

by BMI group (unit: mg%)

NW(n=64) OW([n=20) OB(m=64) F value

CaP 747+ 542V 838+ 723 72+ 547 0317
NaK 258+ 277 275£ 262 2.06x 406  0.519
CaK  60.78+75.80 1834+22.73° 11.77+19.64° 15.087%++)
Zn/Cu 017+ 017 040+ 1.11 024+ 037  1.688
NaMg 63843551 472+ 597 10831609 0.672
Ca/Mg 1644£1930 12.88+ 3.60 1585+ 566 0553
Fe/Cu 043+ 031 059+ 057  0.69+ 091  2.465

Y Mean+SD,
> 2% Different letter indicate significant difference at @=0.05 in a row,
D Haxp<0.001.

2 2219 CaK Hl&2 FATH v AbolollM &

5k 2po] 2 YEFATHp<0.001). Ca/K B]&2 H|TI = 7t &5
2 Yol AES Beow, aA|FTrol Hl3| B]uhrtolA
& EgletA| wopHt) oA BMIO| WE Ca El= &
2 Q1 o7t il o, vtae) 2k 2A A K T2t
=%7] Wl Ao w BRItk

6. BMI2} HSF D||BIZHe] AfatA

BMIS} 28 vy 23}e] AAAA S EA13 AIK(Table 6),
BMI7} 255 Na®t K71 RrelH o2 oo AadAE B
QIP<0.01), ¥ ZZNY Fe FFE 2 AL By}
(P<0.05). 231} o}d9] A%, BMIZ} S5l oy 2
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Table 6. Comelation of BMI and hair mineral contents

Hair Mineral Contents by BMI 261

BMI Ca Mg Na K Zn Fe Hg Cd Pb Al
BMI 1
Ca —0.122 1
Mg —0.015 0.826** 1
Na 0.482** —0.156 —0.083 1
K 0.357%* —0.237** —0.170*  0.702** 1
Cu —0.062 0.058 —0.001 —0.051 —0.087 1
Zn —0.634%*  0.152 0.051 —0.392** —0.418** 0.121 1
Fe 0.191*  0412** 0.372**  0.089 0.084 0.010 —0.095 1
Hg —0.002 —-0.072 —0.070 —0.010 —0.023 —0.024 —0.038 —0.085 1
Cd 0.191*  0.038 0.091 0.282**  0.304** 0.356** —0.273**  0.080 —0.033 1
Pb 0.079 —0.094 —0.113 0.223**  0.074 0.299** —0,123  —0.055 0.004  0.315%* 1
Al 0.121  —0.055 —0.091 0.071 0.115 —0.050 -—0.225** 0057 —0.031 0.090 —0.017 1

*p<0.05, **p<0.01, *¥*p<0.001.

Z2 9] ofo] 5o A= Ho AaBRTHP<0.05). =
A vivie] 735 BMUF S7HEE 2ile] Cd el 5
Vet o) FRBAE FERRLE, FEE W) el
S V= S ket 23, BMI7 E1Es
5 2 U] Mgt Na @50 S71etom, 7n -2 3has}

A THP<0.01).

. ...Fl]:—

SNl

1. BMI®] 2 AAE 20.56+1.27 ke/my', A2 24.17+
0.63 kg/mr, H|THEL 27.7249.79 kg/m'o|lom, % AHH
Fooll Hal| AT v|ghTto] {fejH o2 77 An
ATE A YEFSTHP<0.001).

2. BMIo| @& 2 22 ) uhfjg dEFE &
29 o}Ad(Zn) FF v} H8E 2
&S B vivtert 258 o] ofd
Aatg o, AR TN 7 =3 tHp<0.001).
o}= g2 22| Na(p<0.0001)2} K(p<0.01) ke
Zo| 71 w2t 2 | 355 SUke A
o FAA H|FHEAA Fo)H o2 ekt HE o
Fo| SV wel fed o=z Frlele A3dE B

THp<0.053).

3. ZA o= <HEl B Y (antimony: Sb), $-2Hg(uranium:

1z

2t A,

o >

s

S o
O o) oy

-

]

i

—

Al

o2

U), Y]Sx(arsenic: As), W& E(beryllium: Be), F-(mer-
“cury: Hg), 7F=H{(cadmium: Cd), ‘d(lead: Pb)=} LF| &
(aluminum: Al)®} 3 22 | $E2 BMIo) W& 7o
9 zpol7) AR LUt

4. BMI®| w2 2k 22 71EL dAase] e Asol

Z7HE FERb)e] 7RI oY, THE B my]
oM ztol7t gl Ble= vEyTh

5. BMIe]| W& 2 22U CaMg H| &2 zlol= #HEEX]

GFAITE Ca/K Bl &S BT} &5 YolR| =
gk B o, BpA|Fof vlEf BivkZodlA TR T3
BHA wrolH th(p<0.001).

A7 At ez v 40| 7l 2 T
2527 BEFEete] 95919 &S A &site A3
nd| 2 Ale] o] e HEA] S Hlaske i 5] o= A,
g T g2 A3y A HE FAl SR Ealq vl
& 3t &3 A 5ol e, BMIo| wE g 2ol &
Ebd Na, K, Fe, Zn 5-2 H|Thol] mE vV S73e] a2
B & Aoz AAE FAA T2 #A Fot viRk
T vls Bk 22 9] o}A(Zn)o] i HEENa), ZE(K),
2 12 Zr31 9=, HvHEel A o=\

Tt SAEE A otEE ALY

87} ik B3 A AT ARE S nMlEe] B

3 A#x| o] sfjAst=d] F2|7} AR

24 vivite) BEadE 248t FAAAISTH viedt X

2 WA A, nigto] dlaE e AR adE & T U

. 282 R o] d4E B3t JIPEE AR TE n|Rke]
=

(@
e vy 2] B8 75 g

ol

i =
i pl

i)

N
3
offl
)
A

lo
i
o

st

.
& 4 glom, vgkat dwael Qe Muee 28T



262

10.

. Chandra, RK. Cell-mediated immunity in genetically obese
(C5TBL/6J ob/ob) mice. Am. J. Clin. Nutr. 33:13-16. 1980

. Luque-Diaz, MJ, Dean-Guelbenzu, M and Culebras-Poza, JM.

Changes in the metabolism of iron, copper and zinc in
obesity. Rev. Exp. Fisiol. 38:155-158. 1982

. Jang, SI, Kim, KG, Lee, BK, Kim, HJ, Yoo, SH and Kang,
HC. Hair mineral analysis in diebets. Family Medicine.
23:1133-1140. 2002

AR B 24 v|u|E AAE 2] Y (Hair Tissue Mineral

Analysis Clinic), A|= 2= 713 2], 2003
Kruse-Jarres, JD. Limited usefulness of essential trace ele-
ment analysis in hair. Am. Clin. Lab. 31:477-481. 2000

. Watts, DL, Mercola, JM, Kaminski, Jr MV, Glade, MJ and

Seidel, S. Accuracy of hair mineral analysis. J Am. Med
Assoc. 285:1576-1578. 2001

Erten, J, Arcasoy, A, Cavdar, AO and Cin, S. Hair zinc levels
in healthy and malnourished children. Am. J Clin. Nutr.
31:1172-1174. 1978

Laker, M. On determining trace element levels in man: the
use of blood and hair. Lancet. 31:260-262. 1982

. Kim, HS. Toxic metal and mineral balance in human hair.

Institute of Global Environment Journal. 7:186-198. 1996
Cho, HH, Jung, IC, Jung, JE, Choi, SK, Kim, SY, Kim, MR,
Lim YT, Kim EJ and Kim, JH. Clinical symptom of pre-
menstrual syndrome in Korean women according to tissue
mineral concentration. Kor. J. Obstet Gynecol. 51:60-67.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2008 |

Kong, MH, Park SB and Kim, KM, Kim, Joo, NS, Lee, TY
and Choi, SH. Calcium and magnesium levels of hair tissue
and insulin sensitivity. Kor. J. Obes. 16:111-115. 2007
Lee, JY, Lee, MZ and Choi, WC. Aspect of minerals in the
hair of smokers. Kor. J. Env. Health. 31:107-114. 2005
AT AGAlA A A (T
o] A, At thakd oJstat HAlete] A=
2003

Suh, HS, Chang, SY, Choi, JY, Lee, SN and Lee, KR. The
association of hair tissue magnesium level with obesity
related vanables. Kor. J Obes. 14:22-28. 2005

Park, HS and Sin, GO. Hair zinc and lead: relationship to
nutrient intake and height and body weight in Korean
preschool children. Kor. J Nutr. 37:193-201. 2004
Margarita, GS and Vasily, AD. Hair trace element contents
in women with obesity and type 2 diabetes. J. Trace Element
in Med. and Biol. 21:59-61. 2007

Chen, MD, Lin, PY and Cheng, V. Zinc in hair and serum
of obese individuals in Taiwan. Am. J. Clin. Nutr 48:
1307-1309. 1988

Lee, EJ and Kim, SM. The association of hair zinc with
metabolic risk factors for selected women m Korea. J. Kor.
Soc. Study Obes. 14:170-177. 2005

Campbell, JD. Lifestyle, minerals and health. Medical Hypo-
theses. 57:521-531. 2001

Kopiyo, L. Chronic plumbism in children. J. Am. Med. Assn.
209:14. 1969

Airéy, D. Mercury in human hair due to environment and
diet. Env. Health Perspectives. 52:303-316. 1983

Kim, JN and Song, HJ. Hair mineral analysis of normal
Korean children. Kor. J. Dermatol. 40:1518-1526. 2002

(2008 5¢ 209 A4 2008 69 219 A)



