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The Correlation between HTMA(Hair Tissue Mineral Analysis)

and components according to the obese degree.
Methods :

concentrations and ratios obtained from HTMA.
Results & Conclusion :

high significance.

PBF, and Na/Mg had correlation except WHR.
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Results and Obese Degree

Hyun-Taeg Shin, OM.D,, Jae-Cheol Song, OM.D,, Jae-Sung Lee, OM.D., Kyung-Hee Lee, OMD.

Garosero Clinic of Oriental Medicine

Objectives : Obesity is a growing epidemic with subsequent health consequences leading not only to reduced quality of life
but also to increased medical costs. Recently nutritional balances are emphasized in the field of obesity, and especially
maintaining proper equilibriums of minerals. The correlation of minerals obtained from the method of HTMA(Hair Tissue Minerai
Analysis) with obese degree has not been studied in Korea yet. We studied any significant difference of mineral concentrations

78 subjects were analyzed who visited Garosero clinic of oriental medicine to lose their weight from June to
November 2004. We used BMI(Body Mass Index), PBF(Percent Body Fat), WHR(Waist-Hip Ratio) and abdominal cir-
cumference obtained by bio-electrical impedance analysis as an obese degree. And we analyzed correlation with mineral

1. Na, K, Zn, Se had significant correlation with obese degree in case of nutritional minerals from HTMA. Especially, K had

2. Toxic minerals from HTMA had no significance with obese degree.
3. Rb had significant correfation with obese degree in case of additional minerals from HTMA.
4. Among important ratios from HTMA, Na/K had significant correlation with obese degree, but Ca/K had correlation except

5. Among toxic ratios from HTMA, Se/Hg had significant correlation with obese degree, but S/Hg had correlation except BMI.
6. Na, K Zn, Rb, Na/K, Ca/K had significant differences between obesity groups classfied by BMi. Ob Il group had sinificant dif-
ference from NW group in cases of K, Zn, Rb, Na/K, and Ob il group had sinificant difference from OW group in case of Ca/K.
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2. U
1) HIRtT ZA}

Age BeluAAZ, AF B ANYEL AZ
o WY 2AYS ol 8T ANE B
(Inbody 4.0 (F)Biospace, Seoul, KOREA)E ©]
g3 ZHS. wmEs 28 %A 5 Body
Mass Index, BMI(kg/ m)) 2 H7I35le AA B7A7
T MEAE IR QA AAIG opAlof-BH e w5t
@AY o} 185915k 2 A Z, 1850]4 23
nRk2 g7, 23014 25m| gk A%, 25014 30
o|ehe 19AEIRE TElm 300448 29 At
Z #@Hsgich

2) DAL

(1) A A

AAl AL WY L 9% B 9L
o3

A}, zinc pyrithione#} 22 E44&o] 374
FE AHgste A, aEn 93l
e A7l TEAFIA edsich

2 AA AH

A2 zeQds sz TRy 2 A
FoA 5em Zo|7tA| o] marg 1
M FEY FE AFHNAT

O 22 F o2 3% 24 0 Ry

AHAE 2E& Trace Elements, Inc.(Dallas,
TX, US.A)d] 935l A BAa19c) Calcium
(Ca), magnesium(Mg), sodium(Na), potassium
(K), copper(Cu), zinc(Zn), phosphorus(P), iron



(Fe), manganese(Mn), choromium(Cr), selenium
(Se), boron(B), cobalt(Co), molybdenum(Mo),
sulfur(S) 59 15714 ook njy e} antimony
(Sb), uranium(U), arsenic(As), beryllium(Be),
mercury(Hg), cadmium(Cd), lead(Pb), alumi-
num{Al) 59 87}x =4 mjuyz germaniium
(Ge), barium(Ba), bismuth(Bi), rubidium(Rb),
lithium(Li), nickel(Ni), platinum(Pt), thallium

(Tl), vanadium(V), strontium(Sr), tin(Sn), tita- °

nium(Ti), tungsten(W), zirconium(Zr) 5¢| 7]
Bt midlE 1458 xgeled & 37%F9] nju Lo
sted 48 9 FAEAS AAsga oy
& % Ca/P, Na/K, Ca/K, Zn/Cy, Na/Mg,
Ca/Mg, Fe/Cu 5 F8 4% vivigy vgS
=43l em, Ca/Pb, Fe/Pb, Fe/Hg, Se/Hg,
Zn/Cd, Zn/Hg, S/Hg, S/Cd, S/Pb & <jokn|
gs 4 oy vge Rasg.

AN bt AAE wEE golesw
23] AAsta, 3mm o]dte] Aol
A A2 FAE 21 35 298¢ AT ¥
7l A @3] Yo vlojazs 9 B(CEM Mars 5
Plus Microwave Digestion apparatus, CEM
corporation, Marthews, NC, US.A)& A}g-3}o]
24719 7HE AHEE AX Rejsisln, 2ad B
EE Bo|eSR fMsle R AF Sepzn 2
& £47](Sciex Elan 6100, Perkin-Elmer corpo-
ration, Foster, CA, US.A)E A}43la] njy|2to)
FFe 2gasn”,

3) NEEM

A& &AL SPSS for Windows(ver 11.0)%
ol &Sk, AT WA EAHL NEEAS
AHESY. ddgmdig s EAudg, e

Wgel FapAdse vunsde puy
Golsh MY meads A

(Partial Correlations)S 4

3 fFelAdol dotn #dd

~—

>
ol
2
lo
"
fE
_J>~
MU o 2 alo

m\m <)
iy
)
=
Hi

2 Bole7tel o

A dhdu)x] EAEA (One-way ANOVA)S

ARE8E3 AFEE A (Post Hoc) Scheffe test3
s

Y& p<0.05& 7Fo= 3

1. SR 2Y

2 A7 AT & BE(EA 99, <A} 69
o2 B AYLS 2937110484 (FA 25.44+
10454, oJz 29.88+1048AM)%th. A& T 4=
26.69+4.43kg/m’(‘¢Ak 30.24+518kg/m’, 37} 2623
+4.16kg/m’)ol R 1, HAAWEL 3570+521%(F
A} 33.16+344%, A 36.03+534%)Ah. QR
&8 &(Waist-Hip ratio, WHR)-& 0.90+0.07
(&=l 0.96+0.06, o=} 0.89+0.07)0]Q 1, BER-E4d
(Abdominal circumference, AC)+ 91.17+12.84cm
(A 102.04415.65cm, oJa} 89.75+11.84cm)o]3]
TH(Table I).

AA W3R 5 AR5 185v|9ke] AA 3

T A figlen, AH P4 185004 23
o)l FRAAFTE 199(dA 0, oA 199), A)
ARG 230 25ninte] WA FFL 109 (4R
2, o472 8%), AAFA S 2504 30m)vke] 1%
AP 349 (A 39, o&} 31%), AF 2R
T 3001739 2dARINEE 159 (EA 49,
11%)o] 9 tHTable 1I).
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Table I. Characteristics of the Study Subjects

Male(n=9) Female(n=69) Total(n=78)
Age* 25.44+1045 29.88+10.48 293741048
PBF* 33.16+3.44 36.0315.34 35.70+5.21
WHR* 0.96+0.06 0.8910.07 0.90+0.07
AC 102.04+15.65 89.75+11.84 91.17+12.84
BMI* 30.24+518 26.23+4.16 26.69+4.43
* : Values are mean+standard deviations
PBF : Percent Bodt Fat(%)
WHR : Waist-Hip ratio
AC : Abdominal circumference(cm)
BMI : Body Mass Index(kg/m2)
Table Il. Classification of Subjects by BMI
Male(n=9) Female(n=69) Total(n=78)
BMI<185 0 0 0
185<BMI<23 0 19 19
2B<BMI<25 2 8 10
25<BMI<30 3 31 3
BMI=30 4 1 15

BMI : Body Mass Index(kg/m’)

2. YD HIBE] Ay

Fge|Ee  Calcium(Ca), magnesium(Mg),
sodium(Na), potassium(K), copper(Cu), zinc
(Zn), phosphorus(P), iron(Fe), manganese(Mn),

choromium(Cr), selenium(Se), boron(B), cobalt
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(Co), molybdenum(Mo), sulfur(S)$} A2 &A%,
AALE, 858-FHY], EREH ko] FBAYS v
watgith A% ES SRS AABENZET
HEEH ZF, ofd, AdwoA 949 27
£ H{ctiTable II). £3] 2§ AR 0] v ¢
3= ATHp=0.001).
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Table II. Correlation between Nutritional Minerals and Obese Degree

2GR st v

e

BMIL PBF WHR AC

Ca -9 756 -340 3%
Mg -0013 1221 456 0651
Na 2B8ip=012 2807(p=018) 3159105 19?7(;)— %)
K 3787(p=001) 3700p=001) 4396(5=1000) 36%(;3” 001)
Cu 0966 0585 0934
Zn £2807(p=1014) S3007(p=008) “BA82p=000) ;«2446{?7—@3)
P -1210 -1526 -2000 -1177
Fe -0221 1357 0722 0101
Mn 1134 1274 1346 .1085
Cr 1075 .0798 1410 0950
B -.0492 -0943 -0821 - 0298
Co -.0815 -.0447 -.0668 -0421
Mo 1445 1853 1664 0838
S -.2058 -1528 -1554 -2199

“r=partial correlation coefficient adjusted by age and sex

BMI : Body Mass Index

PBF : Percent Bodt Fat

WHR : Waist-Hip ratio

AC : Abdominal circumference

3. SM0|Y|23} HDHEO] NREYN g, @

=4 o2 antimony(Sb), uranium(U), ar- 23T AF

senic(As), beryllium(Be), mercury(Hg), cadmium  S/dv|vi&s} B

(Cd), lead(Pb), aluminum(Al)#} & ZF=)s, A  (Table IV).

Table V. Correlation between Toxic Minerals and Obese Degree

RS EEE!
Jede] gsith

BMI PBF WHR AC
Sb - - - -

U 1393 -0953 -.0921 -1777
As 1278 0288 1093 0971
Be -1386 1022 -1063 -1517
Hg -2194 -.2057 -2013 -2093
cd -1291 0710 077 -1868
Pb -.0552 0994 1002 -.0968
Al .0505 133 1827 0090

*r=partial correlation coefficient adjusted by age and sex

BMI : Body Mass Index
PBF : Percent Bodt Fat
WHR : Waist-Hip ratio

AC : Abdominal circumference
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4. J|EHH R B|3HES| MEHREY

71e} W|Zl  germaniium(Ge), barium(Ba),
bismuth(Bi), rubidium(Rb), lithium(Li), nickel
(Ni), platinum(Pt), thallium(Tl), vanadium(V),

7R YIS} HIBES RN
Jopluge] 42 vg 3 QAR 98 wole

Ca/P, Na/K, Ca/K, Zn/Cu, Na/Mg, Ca/Mg,

Fe/Cus] ¥&% AABAS, AXLE, &

n_ o
F-ET

strontium(Sr), tin(Sn), titanium(Ti), tungsten ¥], EREF o] AHAS vlwsldth AR A
(W), zirconium(Zr)3} AZFAF, AALE, & EE AT BAAEANZA Na/KollH o
-5, EFsg e A8 S Hlam}%h:}. A ABRWAE EAen, Ca/Ke AAFAF, 27
B 4Ee FAE HIRENEH FH A v, BEEde ABAAE B3, Na/Mg
folg 4BBA7 YebsithTable V). = ARBAS, AALE eR-ERus fo@
ABAAE B gGcHTable VI).
Table V. Correlation between Additional Minerals and Obese Degree
BMI PBF WHR AC

Ge 1334 0424 0874 1212

Ba -1009 -.0598 -.0332 -1351

Bi -.0016 0645 .0445 0229

Rb Bap-om) BE9P=00) ABIP=000) MIP=005)

Li 1252 0226 0614 .0996

Ni -.009 0692 0488 0226

Pt -0609 0416 0009 -39

Tl - - .

| - - .

v 1509 0620 1271 1204

Sr -0315 1243 0351 .0253

Sn -.0559 0222 0163 -.0510

Ti -1281 -.0821 -1083 -1469

w -.0351 -0834 -0572 -0549

Zr 0208 0687 .0196 .0188

*r=partial correlation coefficient adjusted by age and sex
BMI : Body Mass Index

PBF : Percent Bodt Fat

WHR : Waist-Hip ratio

AC : Abdominal circumference

72



Table VI. Correlation between Significant Ratios of Nutritional Minerals and Obese Degree

wauldgeaZssh Ve 4y

BMI PBF WHR AC
Ca/P 0574 1005 .0008 -.0012
Na/K ~275(P=1018) =3409(P=.003) ~324(P=005) S2520(P=1028)
Ca/K I6T0P=1000) -2024 ol 1) LPoRaP= DAT)
Zn/Cu -.0860 -0949 1091 -.0617
Na/Mg ) = (138) 39BP=057) BI79P= 005 1974
Ca/Mg -129% -0315 -0199 -2047
Fe/Cu -0147 0915 0532 0137

*r=partial correlation coefficient adjusted by age and sex
BMI : Body Mass Index

PBF : Percent Bodt Fat

WHR : Waist-Hip ratio

AC : Abdominal circumference

6. SMOjYZ/HU0|WE HIST HITHZOY A& = AXLE eX-EFH, EREdde F
ZIEN qZ toch dein 4EE SAS HAR
A4 e/Hgoll A 28 ARAAE et
QA Qg sl SAUEH Fl Yo, S/HglME AREAFE AL v
o] H&l Ca/Pb, Fe/Pb, Fe/Hg Se/Hg  vix A gog ARBAS BAcHTable
Zn/Cd, Zn/Hg, S/Hg, S/Cd, S/Pbat AAHA]  VII).
Table VII. Correlation between Toxic Ratios and Obese Degree
BMI PBF WHR AC
Ca/Pb -1135 0381 -0703 -.0476
Fe/Tb -487 0625 -.0098 0020
Fe/Hg 1426 2344 1988 1768
Se/Hg DEEHPEI0) DR7BPEIR5) 2884P=012) PE3P=029)
Zn/Cd -.0086 -.0862 -1032 0542
Zn/Hg 0668 0773 0489 1020
S/Hg 2208 5B 08) Dk el sty ol
S/Cd -.0691 -.0893 -1123 -.0227
S/Pb -1306 -1617 -1936 -1023

*r=partial correlation coefficient adjusted by age and sex
BMI : Body Mass Index

PBF : Percent Bodt Fat

WHR : Waist-Hip ratio

AC : Abdominal circumference
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7. wolst 4H0l U=
ME 24 Hiu

olot AEE A HejolA AR AR
4 A3} o 4BEE 2Y Na K Zn,
Se, Rb, Na/K, Ca/K, Na/Mg, Se/Hg, S/HgZ
ABBA T B2 78 ¥vzE 3 A3 Na, K
Zn, Rb, Na/K, Ca/KellX 8 ztol7t HefAsl
A #ZEeoH, AF HY A3 K Zn, Ry,

T g

V.

kd
i

[

o2 Al vlF EHE 3

ABA 8F Z8go] 100mg ol

e, od, 2

s 2r

gBd 53 AAe) sz

d

A Zg, wtadE, UEF ZF %
3+ "aFo] 100mg olstel vl
Wz, AE, AdE, ¥
FEELR S

L

hv]
=

Na/Ki 22 vlghzol FAAZ2A vald 5 gq oge, Sa%, v, ¥dE, 52 oy,
ol Fele AolE BYR, Ca/Ke 204 HIRT g, @zoly Soz pAE 0 Qe A6,
ol FAFTA vlIA 53] FAF Aolg HIAT  am) grle 7Y, AR A HEFE 540
(Table VIII). Pesie e ol Az P2A PRo
Table Viil. Comparison of Correfative items between BMI groups
BMI Groups
. Post
uw NW ow Ob 1 Ob I Hoc™
(n=0) (n=19) (n=10) (n=34) (n=15)
Na - 10.000+10.6562° 7.500+11.2076 10.941+12.3410 19.400+11.4130 g Ns
K - 7.316+8.9010 10.000+15.7833 11.47111.9271 21.133+18.4192 w9
Zn - 18.000+5.1424 14.700+3.1287 16.676+6.0188 13.000+1.4639 w9
Se - .0795+,08079 .0540+.01075 .0581+.01651 1.5420+5.75085 247 NS
Rb - .008832+.0114846 .010000+.0143467 0121350125720 02340+.0176829 Bt &
Na/K - 2.5984+2.23148 1.4810+1.08349 1.4818+1.23401 1.1267+.61618 5
Ca/K - 50.7405+60.11542 70.0420+54.67814 38.9197+55.36854 1000071276678 @81 82
Na/Mg - 2.8342+4.26011 2.4440+4.25433 3.1450+5.67861 5.5247+5.44507 369 NS
Se/Hg - T16+.7042 A70+.2058 715+.5472 30.367+115.1478 244 NS
S/Hg -  37862632+14761.3539 33530.200+15492.1224 44441.324+235764828 46028.667+20687.3998 315 NS

"Values are meantstandard deviations.
‘One-way ANOVA test

"Scheffe test

NS : no significance

Isignificance between NW and Ob 1t
®significance between OW and Ob 11
UW : Underweight(BMI<18.5)

NW : Normal weight(18.5<BMI<23)
OW : Overweight(23 < BMI<25)

Ob I : Obesity class 1 (25<BMI<30)
Ob 0O : Obesity class [I(BMI>30)

74



A

+ 7]

T} wigEe]

X

zey)

TEREHD M E BB M oW W T RN T M
%ﬂﬂﬂﬂﬂ%%& o %R o e R
— iy Y. oF 5] o
R 20— Bo Mo Ao me 2 = N B - %o
9T O of o< O o N X o
v_,aageﬂ%ivm\wolﬁum zoqﬂbmﬂo#p@n%ﬂmﬂ
wtaﬂﬂmoulwx " OEe A o é.iu._mw %Hu&o
S aamoﬁmﬂmﬂ}o,mo]mhzl B
| S =W T A S W -«
ﬂgﬂﬂeﬂlﬂﬂbuﬂﬁwqc,moﬂ:ADT_‘Aﬂ_/‘mﬁd‘L‘WOUAl
rEL e L Iwagw¥r iR Tael
oy = B J|‘g ﬂﬂﬂ ,I_L —
CEl T It s e oM S BT E R
zTmLwc_oWﬂ%ﬂHT%&ﬂ@&%ﬂmﬁﬂn«vﬂ
L N IR
S0 wTer PR P HWE TN g W
o o L RN L T LR L
woET ﬂmmﬂﬂa#aquﬁrmmﬂﬂh%ﬁawyﬂ%%
= O A !
B R N R S
o T EW AT R WY N TT o =N
TETRFR 0w X =T "o
T = N < o o) w70 T o — W ﬂﬂ]/]
@om Ko T T W OB ST T AT TG I e
o oW e BT Moo w9 R W
HE g RPG IV og METE wow W
WP g TEEREL R N T
i e a3 = M N
&uo %ﬁoiﬂﬂmuﬂ%wr%% NE T L
$F RETTody=Ad LE T EL
" T o _oqmﬁmxvﬁﬁﬂ“ ﬂEOtHﬂOJW
s TRd o R DR L F=
—_— " A o 9o =) = Ao
% wa%%%ﬁuhxﬁ%ﬁ uaz;oaw}
. o mu‘zd.]dnui,ﬂwx = ot 4 %o N
oo 7o 3 = W M Ty g 5
%”ﬁm éﬂﬂ%@ﬂmﬁVO#M% s R %
G wgfT®iwkwmiuls TITEg g
By NRTagle ot Pos NTgEw
Bl deiREITlED Tz
G M e A S
O e ¥R = N = o 7T o
O#E ﬂzﬂﬁlmﬂQJLO%ﬂ.‘lﬂ!lq O_..E_/.h
T T umBTEC 4TI LT EE R
~% ®m_F_wmx = PR & ool
= T fo T T om N T o g T . =
T RE 5 R P WP oo m B X o
EIRC I R RO BT o oW W R S e

)
75

e 7t A SA
Disease

TARIIE AAHH
Very Low

A
d

[e]

9/]
bk

5]

x=

Low

il Al

3

el Zs, 7, of

371

5

e shot
Moderate

=
=

Energy/Health

Optimum

It shows that disease occurrence can be explained by energy status.

Fig. 1. Health/Energy Continuum
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A3lFig. 2)5 LAtk
G2 EFEE Calcium(Ca), magnesi-
um(Mg), sodium(Na), potassium(K), copper(Cu),
zinc(Zn), phosphorus(P), iron(Fe), manganese
(Mn), choromium(Cr), selenium(Se), boron(B),
cobalt(Co), molybdenum(Mo), sulfur(S) 15%<|
AN Azjeh vk Bolel 71zo] HE AR
A, AATE, 88 - 28], BREdee] 4
WL vusith ZREAL AP wE A
¥
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dAsEn AAEE 3 Hee)
o oI TS Iges ¢

Figure. 2. Result paper of HTMA. Front page shows quantities of nutritional minerals, toxic minerals and
additional minerals, backward page shows significant ratios in nutritional minerals and toxic ratios
between toxic minerals and nutritional minerals,
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H3Ed, Na, K, Seol =ihf] 4%
I=7b 2310w, Zno] 9= AE
H DJS—J} x2 ALE UEgh 53] K &4
e Fadel v EA vebkic
=4od|E2 2 E£F5 & antimony(Sb), uranium
(U), arsenic(As), beryllium(Be), mercury(Hg),
cadmium(Cd), lead(Pb), aluminum(Al) 82| &
FE 2 Hwze F9F FARA}L U
YR esieh.
71et M| 22 E¥F5 & germaniium(Ge), bari-
um(Ba), bismuth(Bi), rubidium(Rb), lithium(Li),
nickel(Ni), platinum(Pt), thallium(Tl), vanadium
(V), strontium(Sr), tin(Sn), titanium(Ti), tung-
sten(W), zirconium(Zr) 14F9] F &2 39}
vjaizslel JBENZT Rbold fold gw
A7} Jehae, Rbe) 2 o] o4
E HRETE ok Aeg vEhgrh
IR B3 HE F AH g Ho
+ Ca/P, Na/K, Ca/K, Zn/Cu, Na/Mg, Ca/
Mg, Fe/Cu®| v &3} wigtgte] FaRA A=
Na/K, Ca/K, Na/Mgol|A #2i3t 4aaAE B

1’; :
_IHU mlm
=

He

—

ded, Ca/Ke ARFASF, 25 - ¥y, BF
S99} AADAS BYA D AL ERE {93

ARBA7E YRR

ox

%31, Na/Mge A FA|
T, AARE, &F - 7S foAT FadAE
HEAAY BREY e o8 daaAs vehd
A &tk Na/K3t Ca/K BFol|X Zopd 2
HErt FoldE Ao R Yehgon, Na/Mge
ARG Z BUETL FolAlE Ao2 eyt
AFAY QA E e SRS FE)
Zo] u}§9 Ca/Pb, Fe/Pb, Fe/Hg, Se/Hg, Zn
/Cd, Zn/Hg, S/Hg, S/Cd, S/Pbs} HutEshe]
FHEA M E Se/Hg S/HgolA Fojt 3aa
AE vetilon, S/Hgd AALE, 9% -E%
Hl, EREd A 3 FRAAE BIAL A

wdnld 2 ENZ e} e Ay

AgAsds f98 ARWAY EUA gt
O£ A% RRoq foldss vges) ol
A Aoz vehgch

ool Aol Folg FAAVAE HAY N,
K, Zn, Se, Rb, Na/K, Ca/K, Na/Mg, Se/Hg,
S/HgE ARFA|so] @& T8 ¥lug & 2%
Na, K, Zn, Rb, Na/K, Ca/Kejx 74 Z}o]7}
Frld Al #2Eglen, SvdRa devid)
& ¥ &<l Se/Hg S/Hge FoAol vehtal &
ok AFE A4 A% K Zn, Rb, Na/Ke 294

53] AT HalM 53] frojd

Aolg B3, Ca/Ke 207 B TF ol HA T
& Aol & Bl AeE U
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