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A Study on the Relationship among Hair Tissue Mineral Analysis,
Autonomic Functions and Obesity

Yun-kyung Song, Hyung-ho Lim, Ho-jun Kim'
Sung-sun Jin, Jae-chul Song, Hyun-taeg Shin’

Dept. of Oriental Rehabilitation Medicine, Criental Medical College, Kyungwon University
'Dept. of Oriental Rehabilitation Medicine, Oriental Medical College, Dongguk University
Garosero Clinic of Oriental Medicine

Objectives : We performed this study to analyze correlation among hair tissue mineral ratio, autonomic function
and obesity.

Methods : Subjects were gathered from January 2005 to March 2007, This study was carried out on 263 subjects
who had visited Garosero oriental clinic and had no previous cardiovascular disease and thyroid disease. Heart rate
variability (HRV) parameters, tissue mineral ratio and obesity degree were statistically compared with correlation and
T-test analysis.

Results : The results of this study are summarized as follows :
1. Normal group were predominant over obesity group in HRV parameters(SDNN, RMSSD, VLF, LF, HF).

2. Ca/P, Ca/K, Na/K and Fe/Cu, Na/Mg ratio in hair tissue mineral ratio have correlation with BMR, BMI and

waist circumference.
3. Ca/P ratio has correlation with LF norm in HRV, and Na/K with HF, Na/Mg with LF, equally.

Conclusions : Taken together these results may suggest that there are significant relationships between hair tissue
mineral analysis and HRV.

Key Words: Hair tissue mineral analysis, heart rate variability, obesity
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(250) tieHEel sl A28% A1E (20073 39)

Rel A4E Wdsla, E5zo] HEn, IBIR, R
M%EAT T o8] 7] ¥y AP Rz golg}
oA mure Hit Mm-S FASR A A4,
el AJshe wtdste A REA HSE A4S &
23 AdF 71 E Adoe Zd @ uds
oo AAEL Bz vuld HALE T
A A uwliog 283 ¢ 9 7hgAdd ddt
Al 1Z(HRV; heart rate varia-
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7bete W o 219 A7} We] E-A(time domain
analysis)®} Fa= ¥ EA(frequency domain
analysis)®] % §go] slck A7 WA EHelE
Ba7 A4 z48 whedstE RMSSD(the Square
Root of the Mean Squared Differences of Succe-
ssive NN Intervals)s} 4174 Agte]] 9lo FQa3
d% AHZ HolF= SDNN(Standard Deviation
of NN interval)e] Sioh'?. Fui WA g &
8] VLF(Very Low Frequency), LF(Low Fre-
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A9 78 HATE ukedel= gho=Z LF/HFS

LF norm(=LF/LF+HF)

IS

HF norm(=HF/LF+HF)
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ol b8 HEE AL A9 A9E AG AT
oA T3 TR £5% 77 dem 73

o oF 150mg S AT B 24 o2 A

F P E AHEdle B ey ZAEe e
mg%E At 22 vldlE 15744 9] kst
771219l 22 vjdEzt veS S8k
Watson 5'7*%¢l| o]af Z/¢18]7} 2.60]FolH
w3 2813, 2.6n]Tho|d whE Akskd] o 2 Selye®
o 93] YEZ/ZEH]7} 2404 0lH FA AEd
2, 24u)uto]d gk AE A E|R 2 9] Wilson™
AN Zg/ZAEN7E 42018010 A 7% A
g}, 4.2o] ko] A 7% &R, ofd/AE]H] st
8.00]3o]H T2 o] &g gzl, 8.0v|gke|H &
E&/mlauv]gH]7F 4.00] o]
37, 4.0v)gke|d WAV A
gt 54, Zg/rbdlgu]zh 7.0013019 Qled
A g, 7.0u] gkl Ay H-g, H/qEiy|
& %3, 090gto|H A o]

(3) Alul¥o| & ZAK(Herat Rate Variability)

Aubiolx Al A-e Adixgr) A
AWLEEE 7 &fo] Add HAMEAA 9
Aol gFo} F& 7HA] ¢k AAE SA-3000P((F)
gro| At Korea)d o]-8-sto] Alaiatgict. 97z}
o] #54ellA 3-89 si(photoplethysmography) &
S5EER N1ES F, HEE volHE AR
M3 FordqiM S Bl A7 SFARE
e

AJ7Hd S EA(time domain analysis) S 22 SDNN
3} RMSSDE 57831, 7] NN 7tA 9] 234}
(The Standard Deviation of the NN interval; SDNN)
A BHET 715AL et Ak ¥gE vby
g A®7F HH, AstEe 4 Agddd 7}
0] e  dvhe A 9udich A% RR

A9 Aolg AFT #Y Hel AFT(Square

Root of the Mean of the Sum of the Square of * Significant ratios are modified from Watson, Selye, and Wilson

<l mumdR At A8V 1E B HlTse] 4 A7 (251

fa3

Differences between adjacent NN intervals; RMSSD)
A BAEE, Aol Beldte YRR BF
2 ek olgal, Q=S Bae 43
el wslgol ks A ARk

ZFu}4od d B-A(frequency domain analysis)-S-
3] total power, very low frequency, low fre-
quency, high frequency, low frequency nomalized
& high frequency nomalized(©]3} TP, VLF, LF,
HF, LF norm & HF norm% <F&)E F3lith
LF= m7l7Ae 85232, VLFe a7 g
T #7HQA JEE ATk Ao g
om, HFe Buzhl7e] 45A 52 o §drth
WA FuiilAe A d¥d=e LF
norm(LF/LF+HF), HF norm(HF/LF+HF)ZA 3
7kt 2% 14 Ade 7% LF norme]
HF normo) H]&] 1.58] A% =g}''™.

tgAtel GAe 54S dohis] As

£

d

Table 1. Significant Ratios of Nutritional Minerals*

Significant ratios Groups
Ca/P (metabolism) {gih(i §26)6)
Na/K_ (stress state) ilégl((éi)d,)
Ca/K (thyroid state) il;vgjx(gz)z)
Zn/Cu (hormone state) i‘;‘gwh(iifé)o)
Na/Mg (immune state) ?S%(S‘(‘))O)
Fe/Cu (ironuse state) {‘;%:1((5)%)9)

19-22)
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(252) dlsteteistslA] #28A A13 (2007 34Y)

A 93, oJ4 1709
ollon, Hi d#H-E I 16.18+9.304], A
24.91+13.124), ¥]9E #|4=¢] BMI(kg/m))s &
A 20.53£0.36, 44 22.96+5.060]2 3, E-Hujyl
T2 dulde s EdemE YA 71.23£17.99

o4 80.74+14.600])91 o1, 7) ZthAlH(keal)S &
A3 1138.43+344.42, oA 1142.02+209.400] ]t}
(Table 2). A2}t 5 Hzte] atol= BMIGHE
Ak WEFETHp<0.05).

(2) AEholx

Aol = AAEE F FiTE Aol 7t UUE
2.2 SDNN, RMSSD, TP, VLF, HF norm
o2 WARIAA 715 Wedste LFeF ikl
A S Wdste LF noms: A9 BE @5

A UzE 2ol7h YERITHp<0.05)(Table 3)

2 o Olﬂ il

Table 2. Comparisons in Measured Characteristics between male and female

SeX meantSD p value
- 16.1849,
e rf{clillzie(9l37)0) 24.91i13.3f2 0.917
le(=93 1138.43+£344 .4
BMR Ifz?n:e( 1 7)0) 1142.02+209. 4(2) 0.059
= 20.5340.
o 22365137)0) 22.9615.(3)2 0.048
= 71.23+17.
we 223(:(91320) 80.74ﬂ:1471,23 0.051

BMR ; basal metabolic rate, BMI; body mass index, WC ; waist circumference, Statistically Significant(p<0.05)

Table 3. Comparisons in Measured Characteristics between male and female

sex mean+SD p value
= 48.23=17.
SDNN ele(170 e 0000
= 8.25+17.
RMSSD melo(170 Tt 0000
le(=93 7.34+.90
™ Ifrel?n:e(ﬂ)O) 7.03£.85 0.004
le(=93 6.28+.
VLE ;:;:e(n)()) 6.0%.22 0.023
le(=93 6.24+1.06
LF Ezrin:e(W)O) 5.75+1.01 0175
=93 5.811.11
HE ::$Z§e87)0) 5.53+1.18 0.006
le(=93 59.11+18.01
LF nom Iflel?njée(gn)O) 54.65i1§.12 0.085
le(=93 40.89+18.01
HF nom rfl;:zgem)t)) 45.27}_13.08 0.000

SDNN ; Standard deviation of NN interval, RMSSD ; the square root of mean square d differences of successive NN intervals,
TP ; totalpower, VLF ; very low frequency, LF;low frequency, HF ; high frequency, LF norm; LF/LF+HF, HF norm; HF/LF+HF,

Statistically Significant (p<0.05)
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&7 9] 591 - mabelilzAet A8A7)s R Hivkeste]

2) Wkt Ao| Eote) By

Wlehst AubolE 274 7 32nle) BEAS
29)07] 93 gk 2 S 4R gl Al
2505 opAlohEgYAe A 2 A5 v
gre] TR BMI 250|193 o3P g 7@
A2 (0=184, normal)Z} ¥} Tt (n=78, obese) 0.2
Wrm, AEhdel = Zh oA R0l gk Aol 7t 9
A GotE gttt EAA 3 FoiA BrHE<] LF
norm¥} HF norm& A| 93 & 5ol Ad
T} H]ehel A £l Ate](p<0.05)7F AT

NNzt BFHARA 71521 B s
WA =R A7 E kst SDNN 4
oA o 2o, ol FAato] H|ukE] H]
3 Eot o 173 AL ougith AR dg
FagAe] Y=g Wrlshe RMSSDE=
NM= gl Hlvkre] vl o] wgton, of
£ Hvkro] ATl vle) Agagte] Wy Ad

o

o) #&% AARHE Rolth AgAAAY AA
94 AES MelE TPE PATo] Hnrzo]

Ay A7 (253)

LR THTable 4).

BRumEE 23 Wl BREdE oA
ofel o] B TA|3E whet ¢ 90cm, A
80cmZ 7]5 0 2 Bru|uli(n=78, obese)T} &
A Z(n=184, normal)2 2 }r9len, BMIg} =}
2714 2 LF norm# HF normg A &3 ZE 3}

ZollA o] Hghrel Hisl o dAsiH, 4l
A% I o] v, zA&A7 AAA &
= 9 23R 8%, Fald 25l S
Ao 2 VEPGTH(Table 5).
3) w3t H-&3} vekEste] A
2z vjygzt vlea HUE 3 720}

o] ARENE Al A 25/ v EL
712 AFHBMR), BMI, &2 £ (WC) ZE 3

Table 4. Relationship of BMI and Heart Rate Variability parameters

BMI meantSD p value
=184 46.46+17.2
SDNN normal( ) 6.46+17.28 000
obese(=78) 38.36+16.17
1(=184 .54+16.
RMSSD normal( ) 375 39 008
obese(=78) 29.04+17.01
= :t‘
™ normal(=184) 7.28+.79 000
obese(=78) 6.81+.99
= 25+,
VLE normal(=184) 6.25+.76 009
obese(=78) 5.94+1.04
1(=184 104,
LF normal(=184) 6.10+.97 000
obese(=78) 5.49+1.13
1(=184 5.84+1.05
HF normzl(~184) 000
obese(=78) 5.13+1.27
LF norm normal(=184) 55.60+17.30 370
obese(=78) 57.73+£18.20
= +
HF norm normal(=184) 44 38+17.29 345
obese(=78) 42.14+18.13

SDNN;; Standard deviation of NN interval, RMSSD ; the square root of mean square d differences of successive NN intervals,
TP ; totalpower, VLF ; very low frequency, LF; low frequency, HF ; high frequency, LF norm; LF/LF+HF, HF norm; HF/LF+HF,

BMI ; body mass index, Statistically Significant (p<0.05)
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(254) wi3ere 3] A] A28 A% (2007 3€)

2ol4 fog o) AT Aow, 72 M p<0.05 £EOIH I3 S R
p001 Szolgieh AHAFY USEAF 0 7 99esl, YEHHTIE v p00l S
JNE ADE BE fola Fel ABWAZ AL ol @ S ABIATL e AoT Ve
om, BMR, WCH| A& p<0.019] $:30|9]th. 2/  tHTable 6).

Table 5. Relationship of Waist circumference and Heart Rate Variability parameters

WC(cm) mean+SD p value
1(=184 46.69+17.623
SDNN normal(=184) 66917 000
obese(=78) 37.83+£14.96
= +
SSD normal(=184) 37.53+16.82 000
obese(=78) 29.07+15.99
1(=184 7.28+.82
TP normal(~184) 000
obese(=78) 6.80+.93
1(=184 6.24+.79
VLF normal( )] 019
obese(=78) 5.96+.99
normal(=184) 6.12+.99
LF .000
obese(=78) 5.45+1.05
rmal(=184 5.83+1.08
HF nomal(=14) 000
obese(=78) 5.15+1.22
normal(=184) 56.19£17.35
LF norm .954
obese(=78) 56.33+18.19
normal(=184) 43.79+17.34
HF norm 918
obese(=78) 43.55+18.13

"SDNN ; Standard deviation of NN interval, RMSSD ; the square root of mean square d differences of successive NN intervals,
TP ; totalpower, VLF ; very low frequency, LF ; low frequency, HF ; high frequency, LF norm ; LF/LF+HF, HF norm ; HF/LF+HF,
WC ; waist circumference, Statistically Significant (p<0.05)

Table 6. Correlations of Tissue Mineral Ratio according to Obesity degree

BMR BMI WwC

Ca/P 173%* 187+ 234
.005 .002 .000
Ca/Mg -.054 -.001 -.025
384 982 .684

Ca/K 168** 130* .182%%
.007 035 .003

Na/K 255 134* 191+
.000 .030 002
Zn/Cu 092 .007 042
138 .905 496

Fe/Cu -152% -138* -.126*
015 025 042

Na/Mg -240%* -211%* -297**
.000 .001 .000

* ; correlation(p<0.05), **; correlation(p<0.01) by pearson correlation coefficients
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Table 7. Correlations of Tissue Mineral Ratio according to Heart Rate Variability

SDNN RMSSD TP VLF LF HF LF noorm  HF norm

Ca/P -.054 .002 -.020 .042 -.092 -.003 -129%* 128*

381 971 753 498 136 963 037 .038

Na/K -.101 -.089 -118 -.051 -.093 -.164%* 105 -.104
102 .148 056 408 134 .008 .090 .093

Ca/K -.098 -.007 -.086 -021 -118 -.054 -.082 083

A13 906 162 740 055 384 187 .180

Zn/Cu 021 -.001 -024 -.059 022 -.043 .084 -.083
736 982 702 340 724 491 172 179

Na/Mg 110 .091 .091 .009 135* 104 .028 -.026
075 140 141 .887 .028 .093 .649 .676

Ca/Mg 079 .058 106 A51* .040 .076 -.062 .062
.203 .346 .086 014 519 218 .320 318

Fe/Cu -.049 .017 -.081 -117 -.091 -.024 -.080 .081
433 785 .191 058 .141 7701 .195 .188

* ; correlation(p<0.05), ** ; correlation(p<0.01) by pearson correlation coefficients
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87 9 591 mndEAsh 4877 R Hiwkesle] ARy dF (257)
B} Uehton], e 9 JBE S RE F30] 493 o] 4BUA} 9
A7) stk Mt ) FE BAGE & A /ey

35} dubdolzele] gRAAd) U@ A7
o] §79) AFANE “GF 25| Qe 7t TP,
VLF, LF9} &9 3284 velya, “Zo] =
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o 4BRAE Uehirkn Rt

o] 2} o] /gul-tﬂo]g 71;/\]..‘:_ 6]-9]?‘51—24 B =
1g-g ABsteted o4 % e 717124
st PE} o] 2ojn i glom,
AT AEL 1Y Ve
Ef A A, 234 7%, &
5, s A, 2 o188 59 A
E2A o188 F ke A7AN} Ak e
A 27 ol sk YubdielE Aut UPYE
#918 4BHAS el B A7 uigoz £
7149 A7k ol Folnid w27 vl 3
g AN ERS BIEE NE
& 5 3l AAEA 088 4 T Aoz AR
e,

:LEM 2 dTtE
WaR Bl 2o
o s ez &
ol FAE o8 A2AAVIEH] BHEA
of et A7 2 ety AsTte] #HAdel o
g o FAHd 77t Besich

r>J 2

A7 @ A gelglol
AFo|BE, Hr} & R
2

SRS PR

Z2 o

1. H]%t3} Aubdo| e =7 7t gL 23lo] FE A
< A9E 23 BMI, Y BF AuE Ho}
%521 LF norm¥} HF norm& A9 2E 3}
AN Adato] vlgtzel Hia] fostA =Tk

2. 2z ojdj2zt v)g3) vigks 9 7))
AtgTtel BEEA AR ET Zg/9 v)E, 24/
AE} UAE/AF vlodA 7|ZHARHBMR), BMI,

-'?U

o2 yehgth A/ Hg vE

= ol 59 AaBAr I

2z njujdz v Alubdo)zeke] A
A Z4/<1 ¥]7} LF norm¥} 42 A3k

B, HF norm¥} o] @A77t dsles, UE

H/ZE vl HFY &9 4837, YEF/miad|

# ¥l LFsh oFe] JR8A7 9 Ros v
st
Sk

1. Chin-Thin Wang, Wei-Tun Chang, Lin-Her Jeng,
Po-En Liu, Li-Yun Liu. Concentrations of Cal-
cium, Copper, Iron, Magnesium, and Zinc in
Young Female Hair with Different Body Mass
Indexes in Taiwan. J Health Science. 2005;
51(1):70-4

2. A0 AAZ

23(9):1133-9

3. Boumba VA, Ziavrou KS, Vougiouklakis T.
Hair as a biological indicator of drug use, drug
abuse or chronic exposure to environmental
toxicants. Int J Toxicol. 2006 May-Jun;25(3):
143-63

4. AFY, FAH, oA, <1743 =ivdZE
MAze} vtz o] A, oigkshguThets]
A]. 2004;4(1):67-80
A, FAH, oA, o173, FAF, v
°§ e, ARG ALRE FAE UL

#2ge] B 54 T, ShiA g

?i}u]-@}glzl. 2006;16(1):73-91

6. Leslie MK, Bruce RB, Richard CF, Chalotte
GN: Hair analysis in clinical and experimental
medicine. Am J Clin Nutr 1989;46:233-6

il
ot

257



(258) W@gelaE]A] A28 A|LE (20079 3Y)

10.

1.

12.

13.

14.

15.

16.

17.

258

Katz SA: The use of hair as a biopsy material
for trace elements in the body. American La-
boratory 1979;6:44-52

AW, $87, 993, 4184, do8ty Ad
WHoz Aol mujvld AAl] tigk 2. o
FHghupu|kela) ). 2006;6(1):11-26

Pomeranz B, Macaulay RJ, Caudill MA, et al:
Assessment of autonomic function in humansby
heart rate spectral analysis. Am J Physiol 1985;
248:151-3

Task force of European Society of Cardiology
and the North American Society of Pacing and
Electrophysiology: Heart rate variability-standard
of measurement, physiological interpretation
and clinical use. European Heart J 1996;17:
354-81

Kleiger RE, Stein PK, Bosner MS, Rottman JN:
Time domain measurement of heart rate
variability. Cardiol Clin 1992;10:487-98
Lindqvist A: None invasive methods to study
autonomic nervous control of circulationon.
Acta Physiol Scand 1990;588(Suppil):1-107
Cacioppo JT, Berntson GG, Binkley PF, Quigley
KS, UchinoBN, Fieldstone A: Autonomic cardiac
control. II. Noninvasive indices and basal respo-
nse as revealed by autonomic blockades. Psycho-
physiology 1994;31:586-98

Malliani A, Pagani M, Lombardi F, Cerutti S:
Cardiovascular neural regulation explored in
the frequency domain. Circulation 1991;84:482-
492

g A, @58, udn). WS AN 371E
o] A AT st xithelsts] ). 2002;6
(1):123-34

8(1):137-64
o[, H7vl, HIA, dhegul. T3 HWuhd

18.

19.

20.

21.

22.

23

24.

25.

26.

27.

28.

oot FAA AT AT A
2003;7(2):83-100

o%F. Bz nygs JukES Holshe)
A Ao gighd. 2005

Watson-G: Nutrition and Your Mind. Ist ed.
New York, Harpercollins, 1972:1-170
Wilson L. Determination of Oxidation type by
means of tissue electrolyte ratios. J Ortho Med.
1986;1:126-31

Selye H. The Stress of Life. 2nd ed. New York.
McGraw-Hill.1978:1-516

Wilson L. Nutritional balancing and hair min-
eral analysis. 2nd ed. Arizona. Prescott. 1998:
1-389

thEnlekehs)E. HiRkx g A3, i g ket sl
2000:7

Gorman JM,Sloan RP. Heart rate variability in
depressive and anxiety disorders. Am Heart J.
2000;140:77-83

Kleiger RE, Miller JP, Bigger JT, Moss Al.
Decreased heart rate variability and its asso-
ciation with increased mortality after acute
myocardial infarction. Am J Cardiol. 1987;
59:256-62

Curtis BM, O'Keefe JH Jr. Autonomic tone as
a cardiovascular risk factor: the dangers of
chronic fight or flight. Mayo Clin Proc. 2002;
77:45-54

Kleiger RE, Miller JP, Bigger JT Jr, Moss AJ.
Decreased heart rate variability and its asso-
ciation with increased mortality after acute
myocardial infarction. Am J Cardiol. 1987;59:
256-62

Antelmi I, de Paula RS, Shinzato AR, Peres
CA, Mansur AJ, Grupi CJ. Influence of age,
gender, body mass index, and functional capa-
city on heart rate variability in a cohort of
subjects without heart disease. Am J Cardiol.
2004;93:381-85



29.

30.

31.

32.

33.

34.

N

Umetani K, Singer DH, McCraty R, Atkinson
M. Twenty-fourhour time domain heart rate
variability and heart rate: relations to age and
gender over nine decades. J Am Coll Cardiol.
1998;31:593-601

Ramaekers D, Ector H, Aubert AE. The infl-
uence of age and gender on heart rate varia-
bility(HRV). J Am Coll Cardiol. 1999;33:900-2
Bigger JT Jr, Fleiss JL, Steinman RC, Rol-
nitzky LM, Schneider WJ, Stein PK. RR
variability in healthy, middle-aged persons
compared with patients with chronic coronary
heartdisease or recent acute myocardial infa-
rction. Circulation. 1995;91:1936-43

Katz SA. The use of hair as a biopsy material
for trace elements in the body. American Lab-
oratory. 1979;6:44-52

Landen M, Wennerblom B, Tygesen H, et al:
Heartrate variablility in premenstrual dysphoric
disorder. Psycho neuro ehdocrinology 2004;29:
733-40

Morris BW, MacNeil S, Hardisty CA, Heller
S, Burgin C, Gray TA: Chromium homeostasis

9l:

35.

36.

37.

38.

Faopgase 23771 B e

qud AT (259)

in patients with type II diabetes. J Trace Elem
Med Biol 1999;13:57-61

Singh JP, Larson MG, O’Donnell CJ, et al:
Association of hyperglycemia With reduced
heart rate variability (The Framingham Heart
Study). Am J Cardiol 2000;86:309-12
Kageyama T, Nishikido N, Kobayashi T, Kur-
okawa Y, Kaneko T, Kabuto M: Long com-
muting time, extensive overtime, and sympa-
thodominant state assessed in terms of short-
term heart rate variability among male white-
collar workers in the Tokyo megalopolis. Ind
Health 1998;36:209-17

Wranicz JK, Rosiak M, Cygankiewicz I, Kula
P, Kula K, Zareba W: Sex steroids and hear
trate variability in patients after myocardial-
infarction. Ann Noninvasive Electrocardiol 2004;
9:156-61

Erdogan D, Tukek T, Aral F, et al: Structural,
functional and autonomic change sin the car-
diovascular system in growth hormone defic-
ient patients. Ann Noninvasive Electrocardiol
2004;9:19-23

259



