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Figure 1. Phtotrichogram
(Folliscope 2.8, LeadM Corporation, Seoul Korea)
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Figure 2. Digital images of hair density and thickness
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Figure 3. Diagram for study design
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21 — o

st Zet=nl AR 4 7] (Inductively Coupled Plasma
Mass Spectriometry ICP-MS), VG PZExCEL, Thermo Lemental, UK)& ©]-&

stol UEH, ZF, 2w, vt2vlw, ofd, &, 9, 25, U3, 22E, d, 4,

ShAth el Alme Aol AlHdE ZeEd el A &4l 7hed &
3

AelE, @, vhubE, BeRde] 1674 Ggmden £ W, R, b
B, SR, WA, by, Nate B Awe 1071 54 R4S Auh

Al etATh @l ug/g o ®E EAIESIT

4) 229 294

Jm

A ZAY

(1) B2l AHFA &4

mak 3PAMRA7I0l simple phototrichogram (Folliscope 2.8, LeadM  Corporation,
Seoul Korea)& AF&3lal, vl&-& x 1008 HE£2 d=2E A 749 A

T (top) -l EHre] % (hair density, n/cnf), 222 7| (hair thickness,
m)E =45

(2) Bre] A= AFE 4

)

AT} AFES Ardrks S-S IEAAEKS K ISO 5079:2007,
<l 7I(INSTRON 5584,USA)= =73}

2 2 =%
= o =
Itk 4 wug 20 mme] HAAR FAste] AFHE 20 mm/mingd
4l
=
=]

O

2 zAst] RS gvk A7 AZA 7| HA Rure] ol
2ot on AdFA=(N)F AFE(%)E 2F Almel sl 10
= =g A A%, 5 37 49 FEZ N
NEES % 2 Faxx 22487H4] BA8 92

V4

9l
o, A AFES 2 Zol(mm)/Z7]HA A (20 mm)x1000%)% 7S o
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i =47]9 moisture checker (MY-808S, SCALAR Corp., Japan)Z ©| &
of US(YEE)T Fiux AEAHY 73S S8t 42 24

MAE Zolv] Ad 384 4% F BT %9AZ 4y

+ SPSS Win 180 Z21%& A&ttt A5
]

EEA} 71PN S Agetgon o
sgth <

BMIY Ao|543 mute] 2e)4 54, mumdde] 15 Pt vas 9
SHXEE t-testot A & = A2

+ Sigma Plot
CAN-Pro 3.0& o] &3
2 Ao AFEA2
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V. 94727
1. 99k A1 8 muAZy gEHe
1) 24 dgAe] dutd 54
AF i AE e g

I 15826 cm, A%
3]
Al

A Abake table 13+ 2},
Bt o
n] vk}

, Tx
i, HAS

o] H|uk7] el 2ot AAF
2 13%(16.3%)0]™ H] gt
(16.3%), H]9H12.5%),

2 32 [‘1_‘4 o>J
2K Z o BN

A

A % (6.3%)

Table 1. General characteristics of subjects

< 5% (6.3%),

At

& 46.51 4013

5446 kgolAth vt BMI= 21.75 keg/m’ O]M#Uﬂ EH
< 5278 (65.0%)°]
1078 (12.5%) = A 4A5(65.0%)°] 7

A F

of =AM At

N %
A Average 46.51+16.45(20.0-78.0)"
£e 20-49 45 56.3
(years)
> 50 35 43.8
Average 21.75+2.95(17.2-30.8)
Underweight(BMI< 18.5) 5 6.3
BMI
(ke/m’) Normal (185<BMI<23) 52 65.0
Overweight(23<BMI < 25) 13 16.3
Obesity(BMI =25) 10 12.5
Height(cm) 158.26+5.81(145.0-174.0)
Weight(kg) 54.46£7.76(39.0-79.0)

Dmean * SD(Range)
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o] 7% 504 Vu 739 591. 29ug(147 82 %DRDO.Z A Rt v 2049417}
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UrOlow, HERY C, HEY BEE F ddF EL BE gdddHANI =R Y =4 vE
gou Hi EFS 507 68 = #e 2tk HE 20494+ 119.86,
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Table 2. Nutrient intakes of subjects

20-49 > 50 Average
(n=45) PDRI (n=35) PDRI (n=80)
Energy(kcal) 1730.24+858.41" 8650 1624.78+473.54 95.53  1684.10+713.92
Carbohydrate(g)  269.90+123.98 - 262.80+64.69 - 266.80+101.86
Protein(g) 72.67+44.36 161.49 69.56+25.62 15458  71.31+37.16
Fat(g) 41.80+27.98 - 35.15+17.89 - 38.89+24.19
Fiber(g) 30.10+30.07 125.42 35.82+21.06 159.77  32.60+26.51
Calcium(mg) 691.28+556.66 98.75 772.03+369.98 96.50  726.60+482.83
Phosphorus(mg)  1122.03+717.93  160.29  1117.97+423.65  159.71 1120.26+603.60
Iron(mg) 16.78+13.80 119.86 17.61+8.02 195.67 17.14+11.57
Sodium(mg) 3429.72+£2419.65 22865  411550+2711.65 274.37 3729.75+2557.86
Potassium(mg)  3392.20+2450.67 7217  4287.95+#2529.02  91.23 3784.09+2509.50
Zinc(mg) 9.56+5.44 119.50 10.08+3.63 134.40 9.79+4.71
Vitamin A(zgRE)  374.58+241.83 57.63 359.69+248.77 59.95  368.06+243.43
Vitamin Bl(mg) 1.29+0.82 117.27 1.16+0.51 105.45 1.24+0.70
Vitamin B2(mg) 1.45+1.24 120.83 1.32+0.67 110.00 1.40+1.02
Vitamin B6(mg) 2.04+1.42 145.71 2.15+1.21 153.57 2.09+1.33
Niacin (mg) 17.85+12.41 127.50 16.23+6.60 115.93 17.14+10.26
Vitamin C(mg) 126.05£101.31 126.02 137.90£121.70 137.90  131.23+110.11
Folate (ug) 325.85+263.14 81.46 591.29+541.30 14782 436.98+347.80
Vitamin E (mg) 29.10+£50.69 291.00 23.63£21.52 236.30 19.29+26.82
Cholesterol (mg)  319.94+191.58 - 258.97+139.74 - 268.14+165.82

1) meant SD
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Table 3. Overall life attitute about hair & scalp

Chronbach’a

Mean+SD

Scalp and hair

767

2.80%£0.63

10

conditions

771

4.05x0.44
3.58%0.95
2.36+0.66
2.78+0.67

Attitude of scalp care

14

Knowledge of hair loss

.699
.845

Life habit
Stress degrees

10
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b Adefol] gk o] A= Table 49 o] Hyt 2808 o2 Hit A5l
08 RTE Yo} Hlwz £ Ao yetuth 7MY =S A4S Vgl g2
‘wulo] Wi AE7L AP R HF 3244093 ‘muke] ZAko] Alsirh e}
‘wake] R} JbETre] o] Hit 321402 WANES Fyje muke] &
Al A 5 1 A R Msol Xt Qzsls Ao w 1,}5}1},}%

vgd FE2 Ty vEo] vkt Eet 2255 o2 yEks:
5 2264, FY7F gYety Wt 25022 sHA Ur
Bl Fu Rt 2 *JEHOH el 8% =nagdA A7dEs Aoz YEyk

Table 4. Scalp and hair conditions of subjects

Item Mean+SD

Seriously damaged hair 3.21£1.11
Hair is seriously falling out. 3.24+0.96
Hair thickness is thin. 3.21+1.31
Thin hair. 3.04+1.35
Grey hair 3.03+1.32
Oily scalp 2.58+1.00
Scalp inflammation 2.26+0.98
Itchy scalp 2.70£1.06
Scalp hardness 2.50+1.02
Dandruff scalp 2.25%091
Total 2.80+0.63
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Table 5% W3 Jelsh 4% 2 BMISHS] 4u4e 298 A3tz wwe ¥
A7F 7hEF (r=0.272) ‘A A 7F B (r=0.500) F37F 7
¥l ol Qo] Aol ¥25E BE F7I} 7

ST = T ™ E %
ZbEua SRskaL, Fyel 715717 AW (r=0.272)0 B¢ o o w
ety d"e] wEEE FI7E Ve BEe ¥ ¢ A
b =55 AA7E gobs Aok Ughieh(p<0.05).

Table 5. Correlation between age, BMI and scalp and hair conditions

(n=80)
Item Age(year) BMI(kg/m*)
Thin hair 0.272° -
Grey hair 0.500"" -0.271"
Oil in scalp -0.231" -
Itchy scalp 0.310™ -
Scalp hardness 0.320™ -

* p<0.05, **x p<0.01, #**+ p<0.001
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(3) F¥ & HE

T BjEol g Ads= Table 69 AAstAT 'Y 2EHAE QF
oy =9 3o}l Hit 448H 0 R VM =& ALE HYGu ‘Fyalgo] w2
T AFE AYsEa w8y a7l Ha 4227802 yEelyth ‘gRe g &
gl Hodu vy gopel o] 7 oAl vEhy @ 3367 ol Atk
RE AEA HEdaro =4 Jehd Fodgd gid dile] Bes &
T AR
Table 6. Attitude of scalp care (n=80)

Item Mean+SD

I try not to stress out. 4.48+0.55

I limit perm, haircoloring for hair condition. 3.96+0.74

I try to get special care for hair loss. 3.36+1.02

I try to avoid junk food and smoking. 4.11+0.64

I try not to severe diet cause of hair damage and

] 4.13+0.70
hair loss.

I try to use professional shampoo after perm and

. . 4.00+0.68
haircoloring.

I try to use proper shampoo depends on scal

?7. prop P P b 4.22+0.57
condition.

I usually care about scalp and hair condition using

. . 4.13+0.62
professional hair products.
Total 4.05+0.44
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Ty et A% 3 BMIgte] A2 Table 73 Fo] @3} Aw/do]

e FES YUe 2EYEE F wodu =9 F(r=-0417) ‘G Rl g
Sl E oy =8 AP (r=-0.396) ‘A3 tlolojEx mubatol el
gro] fddle] Hrw A ol =¥ Fr¥(r=-0.322)° FEolA o] A
#gol A= AoE Ve dHo] vErE FudAHETt & A0E UE
Wtk BMIS| ¢ ‘A3 goloEx mukbdEao] 9ly gre] ¢9lo] wHEg
Al gowfil = (r=-0317) FIHH Bt ARERE dEsiEa =¥ g
CF(r=—0267)" Aol 739 HEAFS AR FoxiAdel A73E ¥ (r=-0.239)7}
w9 IR e BMM SSTE Eﬁ =2 FYAYHHEE 7 g

Table 7. Correlation between age, BMI and attitute of scalp care

(n=80)
Item Age(year) BMI(kg/m’)
I try not to stress out. 0417 -
I try to get special care for hair loss. -0.396"" -
I try not to severe diet cause of hair damage and "
) -0.322 -0.317
hair loss.
I try to use proper shampoo depends on scalp 0.967"
condition. '
I usually care about scalp and hair condition using ~0.239"

professional hair products.

* p<0.05, **p<0.01, *#x p<0.001
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Table 8. Correct answer ratio about hair loss

(n=80)

Questions N %
Androgen alopecia(baldness) heredity is occur to male only.(O) 48 60.0
Iron, zinc, iodine food are good for healthy hair (O) 43 53.8
It is normal that hair has been fall out 40~80 a day. (O) 56 70.0
Stress is caused by hair loss and dandruff. (O)
7 96.3
Combing wet hair is bad because of damaging hair cuticle. (O) 47 58.8
Disinfectant of swimming pool cause hair damage. (O) 71 8.8
Testing nutrient and heavy metal through the hair. (O) 71 38.8
Perm and haircoloring products cause contagious dermatitis. (O) 64 30.0
It has to retouch haircoloring at least 6~8 weeks later. (O)
56 70.0
Hevy metal(Mn, Cu, Cd, Ni) have build up when haircoloring product - 5
touch the scalp. (O) '
. . . L L . 62 775
Excessive smoking is cause to hair loss avoiding hair stimulation. (O)
There are no relation between menstruation cycle, pregnant, abortion, © co5
menopause and hair health.(x) '
Amount of hairloss is 2~3times more than normal person after 4~6 51 63.8
months of delivery because of hormonal change during pregnancy. (O)
Shampoo cleans until scalp and conditioner use hair only. (O) 73 91.3

Mean(Min.-Max.) 10.00+2.65(1.00-14.00)
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Table 9o+= AFHAAES AEdEFH ddAZAHRE YepAL. ‘A9E &7
DE| o)

PR = el g =A S 719 ¢ gt
Hat 32571 M W q5E ‘es =4 Ay 71208 % FdS
b Wi L7IHOR et B a7l ggEe & w2, Av:
wol ThAI 5 & 8A g Aoz et
Table 9. Life habit of subjects (n=80)
Item Mean+SD
Enjoy eating junk food 2.30+1.05
Enjoy eating meat diet better than vegetable. 2.64+0.98
Enjoy taking coffee 3.31£1.37
Enjoy drinking alcohol 1.71£1.21
Smoking 1.20+0.68
Imbalanced diet 2.13+1.11
No exercise 3.25+1.21
Total 2.36x0.66
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Table 1004 H&=nle} o] ~E# A AL o
245 W= Holt) 9 ‘o)Z7t AF BAL s 247t
UElY 2EH~E o HT o gon AEHAR
Aow vewgt F FES A yuA FE
LHERSE T

Table 10. Stress degrees of subjects (n=80)
Item Mean+SD
I often feel stress. 3.50+0.99
Introvert 2.73+0.97
I often feel depressed. 2.69+1.01
I can't sleep well because of anxiety 2.46+0.99
It is hard to sleep if awakening the sleep. 2.60+1.10
There is non-refreshing sleep after sleeping. 2.75+1.06
It is hard to concentrate on my work. 2.55+0.98
There is no will or interest usually. 2.36+x0.92
Often feel dizzy and headache 2.66+1.14
Often feel shoulder stiff 3.49+1.16
Total 2.78+0.67
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Table 11. Hair nutritional mineral levels of subjects

(n=80)

Nutritional MeantSD(ue/g)  Reference (u/g)” <Reference ~ >Reference ~ Unbalance
minerals n(%) n(%) n(%)
Na 30.28+30.69 18-85 37(46.2) 7(8.8) 44(55.0)
K 28.66+18.83 5-40 0 25(31.3) 25(31.3)
Ca 673.56+418.74 450-1105 33(41.3) 12(15.0) 45(56.3)
Mg 50.58+37.57 44-250 44(55.0) 8(10.0) 52(65.0)
Zn 170.59+44.66 150-250 33(41.3) 6(7.5) 39(48.8)
S 43178.49+2152.47 30000-55000 0 0 0
P 162.21+36.26 145-250 35(43.8) 3(3.8) 38(47.6)
Cr 0.34+0.10 0.2-1.2 0 0 0
Mn 0.30+0.20 0.2-0.8 16(20.0) 2(2.5) 18(22.5)
Co 0.18+0.01 0.01-0.05 2(2.5) 0 2(2.5)
Fe 9.88+3.05 8-18 16(20.0) 5(6.3) 21(26.3)
Cu 35.28+25.33 18-50 30(37.5) 23(28.8) 53(66.3)
Se 0.73+0.18 0.6-1.6 18(22.5) 0 18(22.5)
Li 0.03£0.02 0.01-0.2 0 0 0
Vv 0.04+0.01 0.02-0.1 2(2.5) 0 2(2.5)
Mo 0.04£0.02 0.02-0.1 1(1.3) 0 1(1.3)

1) By Medinex— Korea (Trace Elements. Inc, Seoul, Korea)

2) 54 mvE &=

Table 1204+ EEo] =

=
ol o
N Ey e 9 5

sk At Al
(275%), ¥FE(225%), T2(18.8%),

}
2 BF, Alge S8HE 2948 B9 §le Ao YEbgth
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Table 12. Hair toxic mineral levels of subjects

(n=80)

Toxic minerals Mean+SD(ug/g) Reference (ug/g)”  >Reference n(%)
Hg 0.74+0.44 <1 15(18.8)
Pb 0.60+0.36 <2 1(1.3)
Al 7.42+4.04 <10 22(27.5)
Ba 1.05+0.74 <1.5 18(22.5)
Cd 0.01+0.01 <0.15 1(1.3)
As 0.17+0.05 <1 0
U 0.03+0.04 <1 0
Bi 0.15+0.15 <1 0
TI 0.0006+0.0006 <0.01 0
Cs 0.0007+0.0006 <0.01 0

1) By Medinex- Korea (Trace Elements. Inc, Seoul, Korea)
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Table 13. Hair nutritional mineral ratios of subjects (n=80)
Nutritional
‘ " <Reference >Reference
mineral Mean+SD Reference
) n(%) n(%)
ratios
Ca/P 4.40+2.96 0.8-5.8 0 20(25.0)
Ca/Mg 15.24+7.41 3.3-10 0 75(93.8)
Na/K 5.15+35.89 2-4 73(91.3) 4(5.0)
Zn/Cu 7.59+5.05 4-16 26(32.5) 4(5.0)
Fe/Cu 0.44£0.28 0.2-1 21(26.3) 4(5.0)
Ca/K 44.76+56.02 2-8 0 67(83.8)
Na/Mg 0.98+1.39 2-8 72(90.0) 1(1.3)

1) By Medinex—- Korea (Trace Elements. Inc, Seoul, Korea)
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Table 14. Hair toxic mineral ratios of subjects (n=80)
Toxic mineral D <Reference
ratios Mean+SD Reference %)

Zn/Cd 25995.04+19666 1000< 0
Se/Hg 1.25£0.68 0.6< 9(11.3)
P/Al 31.66+25.66 14.5< 2(2.5)
Ca/Pb 1374.53+1073.44 225< 0
Zn/Pb 361.80£187.08 75< 0
Fe/Al 21.73£178.13 0.8< 15(18.8)

1) By Medinex—- Korea (Trace Elements. Inc, Seoul, Korea)
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Table 15. Hair nutritional mineral contents according to age
(unit: pg/g)

20-49 >50 Average
(n=45) (n=35) (n=80) !
Na 30.18+31.34" 30.40+30.30 30.28+30.69 -0.031
K 27.24%18.70 30.49+19.11 28.66+18.83 -0.763
Ca 708.12+381.17 629.11+464.52 673.56+418.74 0.836
Mg 51.25+31.02 49.72+45.09 50.58+37.57 0.180
Zn 171.34+40.41 169.63£50.19 170.59+44.66 0.169
S 42432.33+1973.75  44137.83+2009.82  43178.49+2152.47 -3.804""
P 159.04+25.37 166.28+46.82 162.21+36.26 -0.834
Cr 0.34£0.11 0.33£0.97 0.34+0.10 0.709
Mn 0.28+0.13 0.32+0.27 0.30+0.20 -1.032
Co 0.018+0.01 0.017+0.01 0.018+0.01 0.538
Fe 9.96+3.17 9.78+2.94 9.88+3.05 0.263
Cu 39.85+25.82 29.41+23.76 35.28+25.33 1.859
Se 0.69£0.13 0.77£0.23 0.73+£0.18 -1.905
Li 0.026+0.02 0.030£0.02 0.028+0.02 -1.014
\Y% 0.031+0.01 0.041+0.02 0.36+0.01 -3.236"
Mo 0.033+0.01 0.044£0.02 0.038+0.01 -3.360""

1) meant SD, ##p<0.01, *** p<0.001
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Table 16. Hair toxic mineral contents according to age

(unit: pg/g)

20-49 =50 Average .

(n=45) (n=35) (n=80)
Hg 0.73+0.44" 0.75+0.44 0.74+0.44 -0.250
Pb 0.66£0.42 0.52+0.26 0.60£0.36 1.776"
Al 7.47+3.79 7.36+4.39 7.42+4.04 0.118
Ba 1.07£0.75 1.03+£0.73 1.05+0.74 0.258
Cd 0.0101+0.02 0.0113+0.01 0.0106+0.01 -0.519
As 0.16+0.03 0.18+0.06 0.17+0.05 -2.018"

1) meant SD * p<0.05, **p<0.01
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Table 17. Ratio of hair mineral accroding to age

20-49 >50 Average .
(n=45) (n=35) (n=80)
Zn/Cd  30063.51+21819.39" 20764.14+15246.73 25995.04+19666.22 2.145
Se/Hg 1.23+0.69 1.28+0.67 1.25+0.68 -0.324
P/Al 27.67+17.29 36.79+33.10 31.66+25.66 -1.591
Ca/Pb 1282.82+673.39 1492.44+1437.04 1374.53+1073.45 -0.865
Zn/Pb 338.38+173.61 391.90+201.64 361.80+187.08 -1.274
Ca/P 4.58+2.55 4.17+3.44 4.40+2.96 0.621
Ca/Mg 15.86+9.11 14.45%4.39 15.24+7.42 0.839
Na/K 1.24+1.30 10.18+54.26 5.15%35.89 -1.108
Zn/Cu 6.90+5.29 8.47+4.66 7.59+5.05 -1.385
Fe/Cu 0.40+0.29 0.49+0.27 0.44+0.28 -1.455
Ca/K 47.35+49.20 41.42+64.33 44.76+56.02 0.468
Na/Mg 0.85+1.07 1.16£1.72 0.98+1.39 -0.999
1) meant SD
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Table 18. Hair nutritional mineral according to BMI

(unit: pg/g)

Underweight Normal Overweight Obesity F
(n=5) (n=52) (n=13) (n=10)

Na 11.97+4.14" 29.80+30.96 30.36+27.05 41.82+38.96 1.072
K 14.1845.64 28.08+19.22 30.92+18.15 35.99+19.51 1.605
Ca 926.20+476.15 696.46+443.62 686.34+354.39 411.52+201.80 2.046
Mg 78.50+45.92 52.21+£37.53 50.70+40.21 28.03+17.31 2.256
7n 202.46+46.88 176.09+46.69 151.88+22.84 150.37+42.21 2.723

43065.20£1396.19  42824.81+2318.03  43914.38+1862.23  44117.60+1495.87  1.654
p 153.82+20.32 162.19+31.18 162.28+51.49 166.39+47.49 0.129
Cr 0.31+0.11 0.34+0.10 0.34+0.12 0.35+0.11 0.235
Mn 0.36+0.13 0.26+0.12 0.40+0.43 0.30+0.08 1.745
Co 0.025+0.01 0.017+0.01 0.021+0.01 0.015+0.00 2.433
Fe 12.22+4.22 9.32+2.33 10.06+3.42 11.40+4.48 2535
Cu 49.86+26.13 34.09+25.51 42.82+29.37 24.38+12.23 1.630
Se 0.69+0.07 0.73+0.20 0.70+0.12 0.76+0.19 0.278
Li 0.027+0.01 0.027+0.02 0.031+0.02 0.029+0.02 0.189
\ 0.038+0.02 0.033+0.01 0.037+0.01 0.045+0.02 2.330
Mo 0.026+0.00 0.037+0.01 0.041+0.02 0.043+0.02 1.620
1) mean* SD
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Table 19. Hair toxic mineral according to BMI

AE Table 1994

, BHE2 A A F ol A

= FATAA T

3
=

Underweight Normal  Overweight Obesity Average P

(n=5) (n=52) (n=13) (n=10) (n=80)
Hg 117091 069:039 078044  0.74+0.22 0.74+0.44 1.964
Pb 0.70+0.68 0.61+0.38 052+#0.18  0.56%0.25 0.60£0.36 0.371
Al 7.47+3.66 7.29+3.81 6.48+3.05  9.26%6.10 7.42%4.04 0.944
Ba 1.68+0.85 1.07+0.80 0.77+0.42 1.02+0.50 1.05+0.74 1.913
Cd  0.0050+0.00  0.0105+0.01 0.0130+0.02 0.0109+0.01 0.0106+0.01 0.673
As 0.15+0.03 0.17+0.05 0.16+0.03  0.19+0.03 0.17£0.05 1.097
1) meant SD
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Table 20. Ratio of hair mineral according to BMI (n=80)
Underweight Normal Overweight Obesity
(n=5) (n=52) (n=13) (n=10)
7n/Cd  44618.80+21377.94" 26155.15419375.62 24565.15+22714.60 17709.40+1021843  2.207
Se/Hg 0.84+0.46 1.32+0.71 1.24+0.79 1.09+0.38 0.961
P/Al 28.53+23.94 31.27+25.68 32.12+21.82 34.64+33.74 0.072

Ca/Pb  197568+1611.50  1391.75+1085.95  1471.76+1022.83 857.99+608.42 1.352
Zn/Pb 483.21+309.77 367.08+185.61 321.87£115.03 325.52+198.98 1.040

Ca/P 5.93+2.77 4.46+2.91 4.97+3.66 2.58+1.47 1.938
Ca/Mg 12.58+3.71 15.45+8.73 15.20+5.07 15.56+2.65 0.227
Na/K 0.97£0.55 7.32+44 51 0.98+0.58 1.41+£1.68 0.175
Zn/Cu 5.61+4.08 8.30£5.54 5.76+5.85 7.24+3.57 1.198
Fe/Cu 0.30£0.14 0.44+0.27 0.41£0.31 0.56£0.35 1.051
Ca/K 82.54+60.91 45.72+56.22 45.62+66.59 19.77+24.09 1.452
Na/Mg 0.20+0.14 0.94+1.46 0.80+0.79 1.80+1.71 1.828
1) meant SD

_67_



10) BMI {gd 2 vy & 3=kn)w

Table 212> BMIE 3191 25%9} 249) 26%= wre] mu2e] HAuws A&
A e BMISHS| 180l A921ERT Z%(p<0.05), v1HE(p<0.05), oFd
(p<0.0D°]l FolatA Eee & & ATk wW JEF/MadE] W&
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Table 21. The lowest quartile & the highest quartile of hair mineral

according to BMI (n=80)
The lowest quartile of The highest quartile of .
BMI BMI
Ca 842.89+453.77 571.65+346.81 2.104"
Mg 67.55+40.02 40.96+35.99 2.184°
7n 186.21+46.11 149.00+32.77 2917
Na/Mg 0.50+0.46 1.36+1.39 -2.565°

* p<0.05, **p<0.01, **x p<0.001
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Table 22. Significant correlation coefficient(p<0.05) between hair

minerals and age and BMI (n=80)
Hair minerals Age(year) BMI(kg/m’)

K - 0.236™"

Ca -0.227 -0.260"

Mg - -0.277"

/n - -0.301"

S 0.328™ -

Cu -0.270" -

Se 0.238" -

A% 0.422"" -

Mo 0.408"™ -

As 0.253" -
Zn/Cd -0.286" -0.224"
7n/Pb - -0.222"
Fe/Cu 0.238" -
Na/Mg - 0.241"

* p<0.05, *+p<0.01, *#x p<0.001

1) by Pearson’s correlation coefficient(r)
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Figure 5 . Correlation between Sulfur and Age
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Figure 6. Correlation between Selenium and Age
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Figure 9. Correlation between Potassium and BMI
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Table 23. Significant correlation between hair minerals and nutrient
intakes (n=80)

Hair mineral Dietary Intake !
Ba Folic acid 0.230"

Folic acid 0.298™

Ca .
K 0.220

Mg Folic acid 0.271°
Zn Folic acid 0.251"

S Carbohydrates -0.234"
Cr Vt.B1 0.220"
Li Na 0.027

Kcal -0.338"

Carbohydrates -0.347"

P -0.232"

Zn/Cd Zn -0.280"

Cholesterol -0.259"

Protein -0.243"

Lipid -0.222"

Na 0.308™

K 0.343"

Ca/Pb Vitamin C 0.222

Folic acid 0.452™

Ca 0.239"

Zn/Pb Folic acid 0.250"
K 0.244"

Ca/p . :
Folic acid 0.320

Zn/Cu Folic acid 0.225
Na 0.226"

Ca/K K 0.283"
Folic acid 0.352"

* p<0.05, **p<0.01, *#+x p<0.001

1) by Pearson's correlation coefficient(r)
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Table 24. Quantitative analysis

(n=80)

Reference

Mean+SD Range

Hair physical

Range
130-150

properties

122.89+24.31 60.0-183.0

Density (hair/cnt)

65-80

77.49+£14.01 31.00-112.00

Thickness (¢m)

68.70-197.0

129.60£24.80

Tensile strength (cN)

53.40-94.00

69.77£7.52

Elongation (%)
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Table 25. Significant
physical properties

correlation between hair minerals and hair

Hair physical

Hair minerals

properties
Density (hair/cnf) C(;jP 8:;8151”
/n 0.284"
Thickness(um) .
\Y% -0.250
Fe -0.291"
A% -0.286"
Mo -0.238"
Tensile strength(cN) Zn/Cd 0.239"
Fe/Cu -0.297"
Na/Mg -0.281"
Cr 0.284"
Fe -0.237"
Elongation(%) \Y% -0.320™
Mo -0.287"
7n/Cd 0.307""

% p<0.05, *#p<0.01

1) by Pearson's correlation coefficient(r)
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Table 26. Hair physical properties according to age

Hair physical 20-49 >50 Average .
properties (n= 45) (n=35) (n=80)

Density (hair/er)  131.98+25.15"”  111.20+17.45 122.88+24.31 4167
Thickness(ym) 81.38+11.27 73.77+£16.33 77.49+14.01 2.139
Tensile e

138.70+£22.20 113.22+20.74 129.60+24.80 4.109

strength(cN)

Elongation(%s) 72.11+7.19 65.57+6.28 69.77+7.52 3.807™
Skin moisture(%) 32.03+0.89 31.72+£1.03 31.89+0.96 1.427

1) meant SD, * p<0.05, **p<0.01, *** p<0.001
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Table 27. Hair physical properties according to BMI
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Hair physical

Underweight
(n=H)

properties

Density

125.63+24.12 116.31£20.01 113.20+28.82 1.257

130.80+25.14"

(hair/cr)
Thickness(m)

80.08+14.38 74.23+13.93 67.10£10.44 2.897

79.80+4.09

Tensile
strength(cN)

13312£22.93 117672617 116.00+31.90 2.163

139.02418.25

74781941 70.77£7.00 60.99£7.17 64.91£7.04 3163

Elongation(%)

32.24£1.07 31.84+0.93 31.74£0.87 32.20+1.18 0.719

Skin moisture(%)
1) meant SD
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Table 28¢] £okatgth 2 #7]=(p<0.001), AF4E(p<0.05), A%
(p<0.01)> BMIgI] 2Fo] A¥aFrnt #FostA =4 ey BMIZF S

N
awol =94 540 2 A2 ey

o

Table 28. The lowest quartile & the highest quartile of hair physical

properties] according to BMI (n=80)
Hair physical The lowest quartile  The highest quartile .
properties of BMI of BMI
Thickness(zm) 81.79+9.24 69.45+9.54 4.100™"
Tensile strength(cN) 142.80£25.44 116.95+29.47 2.705"
Elongation(%) 72.52+7.29 65.02+7.23 2.952"

* p<0.05, **p<0.01, *#+x p<0.001
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5) Bre] £39 54 dF R BMISHe F#A

i

mutol Eg]3 EX3 oy 9@ BMIO Aol digk A3tE Aol de=
ZATES Table 299 A A &}4] T}

ARG el oAM= Lr@r=-0459) F71(r=-0.365), 1= (r=-0.539), Al
FE@=-0446), ¥5F FELFr=-029D°] & FAAHS HEridT. BMIE 4
Aol ol M = B2 #7](r=-0.290), 3 =(r=-0.333), AFE (r=-0.306)°l
o e vEh

<

2

Table 29. Significant correlation between hair physical properties and age

and BMI (n=80)
Hair phy.sical Age(year) BMI(kg/m’)
properties
Density (hair/cm) -0.459"" -
Thickness(ym) -0.365" -0.290"
Tensile strength(cN) -0.539" -0.333"
Elongation(%) -0.446™" -0.306
Skin moisture(%) -0.2917 -

* p<0.05, *+p<0.01, *#x p<0.001

2are] B84 EA3 A5 BMI9e] AaAl S Figure 13914 197bA] YERY
Sed, 2 A HY], AT AAEY AHS BT 59 AAAAE B
AoH(figure 13-16), =] H7|¢F BMIE &9 F3d#AAE e
(figure 17-19).
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Figure 15. Correlation between Tensile strength and Age
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Figure 16. Correlation between Elongation and Age

_83_



120

[ ) R Sq Linear = 0.084
[ N J

100 - S e
= [
2
=
©
=
k]
n
7
[}
c
>4
L
ie
'_

40 A

[ ]
20 T T T T T T T
16 18 20 22 24 26 28 30 32

BMI (kg/m?)

Figure 17. Correlation between Thickness and BMI
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A sk mwe Zeld S4ste $wAL Table 30004 AR Az
o uER Ash S0 AR (=-0236)E RYT, WRFEI B
A HH(r=0.296), 1(r=0.222), HEFT Bo(r=0.257), F# =8 &(r=0.278) 2 Z
(023014 Fel Aol i Aoz etk mebq AdEel mobds
HEFY AV} ol AshE, ¥R gie] ¥l s A, <, uEw B, 2o

=
2HE, ZdFo] solA = AE B

>

Table 30. Significant correlation between hair physical properties and

nutrient intakes (n=80)
Hair physical properties Nutrient r

Elongation(%) Vit.A -0.236"
Fat 0.296™
P 0.222°
Skin moisture(%) Vit.B, 0.257"
Cholestrol 0.278"
Ca 0.234"

* p<0.05, **p<0.01
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Table 312 =el =24 543 A ql Agejreote] AJade digh 2
Fojth, Ty e A= YR (r=-0457), #71(r=-0.359), A& (r=-0.284), A&7
E=(r=-0266)%= 5o dHAde Bt Aggddes YE@=0275), IJHFEr=0.

w
\)
w
= =

3 ko] AdAoe] AEYA ALoHE BE(r=-0374)9 9o @Al AU &
AfE BE R A f9d zol7t glgor FHRYHYENAE E7](r=-0265)9 &

o gl 99

gl
o N

o)

-

Table 31. Correlation between hair physical properties and scalp &

hair health (n=80)
Hair physical Scalp and hair ) ) Knowledge of  Attitude of
) o Life habit Stress )
properties conditions hair loss scalp care
Density (hair/cir) -0.457" 0.275 -0.374" - -
Thickness(um) -0.359™ - - - -0.265
Tensile .
-0.284 - - - -
strength(cN)
Elongation(%) -0.266" - - - -
Skin moisture(%) 0.060 0.323™ - - -

* p<0.05, **p<0.01
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Table 32= o] =d]4 545 7o dadol
(r=0.225)¢} AFAE=(r=031Dok= Fol ool Ui dFdE== AGE
(r=0.572)3 3 -5 (r=0.349) 7 & d#HAdo]l A

Table 32. Interrelations of hair physical properties (n=80)
Hair physical ) ) ) ) Skin
) Density Thickness  Tensile strength  Elongation )
properties moisture
Density 1
(hair/cnf)
Thickness .
0.225 1
(gm)
Tensile Strength (cN) 0.314™ 0.214 1
Elongation(%) 0.099 0.151" 0.572" 1
Skin moisture(%) 0.117 0.203 0.349™ 0.127 1

* p<0.05, #¥p<0.01, ##=x p<0.001
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ABSTRACT

Analysis of Factors Related to Hair Mineral Contents and

Physical Properties among Korean Female Adults

Kim, Ji Hyun

Department of Food & Nutrition
The Graduate School of
Sungshin Women's University

This study was performed between July and September 2011 in 80
female adults 20 to 70 who lived in Seoul & Kyung-gi area. Hair mineral
analysis and hair physical characteristics such as hair density, thickness,
tensile strength, elongation were performed, and dietary intake, age, weight
and height of study subjects were collected from the survey questionnaire
and analyzed correlations between these factors. The results are listed

below.

1. The average age was 46.51 years and the average height and weight
was 158.26cm, and 54.46kg. According to the standard of the Korean Society
for the Study of Obesity, the study included 5(6.3%) underweight subjects
with BMI<185, 52(65.0%) normal subjects with 185<BMI<23, and
13(16.3%6) overweight subjects with BMI=>23.

2. In overall life attitude about hair & scalp of subjects showed that all

items were positive result. The significant correlations between the age and



scalp and hair conditions showed positive correlations with thin hair
(r=0.272), grey hair(r=0.500), itchy scalp(r=0.310), and scalp hardness(r=0.320)
but negative correlations with oil in scalp(r=-0.231). The significant
correlations between the age and scalp and hair conditions showed negative
correlations with try not to stress out(r=-0.417), try to get special care for
hair loss(r=-0.396), and try not to severe diet cause of hair damage and hair
loss(r=-0.322). The significant correlations between the BMI and scalp and
hair conditions showed negative correlations with try not to severe diet
cause of hair damage and hair loss(r=-0.317), try to use proper shampoo
depends on scalp condition(r=-0.267), and usually care about scalp and hair
condition using professional hair products(r=-0.239). Thus, the lower

subjects’s age and BMI, the better result is at attitude of scalp care.

3. The average energy intake of all subjects from 20-49 years was 1730
ka which was 86.5 % of the estimated average requirement of DRI and over
50 years was 16245 kal which was 9553 %DRI, and it was low range than
average intake level.

Ca, K, vitamin A, folic acid were in the low range in both of two age
groups. Especially, vitamin A was 57.63, 59.95 %DRI which was very low
range, and while folic acid was 591.291g(147.82 %DRI) which was higher in
over 50 years than 20-49 years was 325.85ug (81.46%DRI). P, folic acid, Na,
7Zn, vitamin B;, Bs, Bg, niacin, vitamin C, vitamin E were high in both of
two age groups, but Fe and Na were high range in 50 years group. Fe was
119.86, 19567 %DRI, and Na was 228.65, 27437 %DRI in each group.
Vitamin E was 291.00, 236.30 %DRI which was high range in 20-49 years

group.

4. The result of the significant correlations between the hair mineral levels
of subjects and nutrient intakes are Ba showed significant positive
correlations with folic acid, Ca showed positive correlations with folic acid,

and Mg and Zn showed positive correlations with folic acid.



While S showed positive correlations with vitamin Bi(p<0.05), it showed
negative correlations with carbohydrate(p<0.05).

Significant correlations between the Zn/Cd ratio and dietary intake showed
negative correlations with energy(p<0.01), carbohydrate(p<0.01), P(p<0.06), Zn(p<0.05),
cholesterol(p<0.05), protein(p<0.05), fat(p<0.05). Significant correlations
between the Ca/Pb ratio and dietary intake showed positive correlations with
Na(p<0.01), K(p<0.01), vitamin C(p<0.05), folic acid(p<0.01), Ca(p<0.01).

In folic acid, there were positive correlations with Ba, Ca, Mg, Zn, Ca/Pb,
Zn/Ph, Ca/P, Zn/Cu, Ca/K.

5. Analysis of hair physical properties of subjects showed that the average
of hair density was 122.89 hair/cr, thickness was 77.49 um, tensile strength
was 129.60 cN, and elongation was 69.77%, and belong to average range in
every items.

Analysis of significant correlations between the hair mineral contents and
hair physical characteristic were that hair density showed significant
correlations with Ca(p<0.05) and Ca/ P(p<0.05), and interval showed positive
correlations with Fe, Li, V(p<0.05).

In hair thickness showed positive correlations with Zn, and negative
correlations with V. Hair thickness showed positive -correlations with
7Zn(p<0.05) and negative correlations with V(p<0.05).

Tensile strength of hair showed negative correlations with Fe, V, M,
Fe/Cu, Na/Mg and showed positive correlations with Fe/Cd ratio. In
elongation of hair showed positive correlations with Cr(p<0.05), Fe/Cd(p<0.05) and
showed negative correlations with Fe(p<0.05), V(p<0.01), Mo(p<0.05).
Comparisons of hair physical properties hair condition, tensile strength,
elongation have significant correlations as the average of hair density was
131.98 hair/er in 20-49 years, and 111.20 hair/cr’ in over 50 years between
20-49 years and over 50 years(p<0.001).

In hair thickness, the average of 20-49 years was 81.38 um and over 50

years was 73.77 pm, and 20-49 years was higher than over 50 years, there



was significant correlations(p<0.05). There was high result in hair density,
thickness, tensile strength, elongation and skin moisture in 20-49 years, in
thus there was able to recognized being younger and also being healthier of

hair condition.

6. The level of Cu(66.3%), Mg(65.0%), Ca(56.3%), Na(55.0%) and
7n(48.8%) were imbalanced from the reference ranges. For toxic mineral
levels, Al(27.5%), Ba(22.5%), Hg(18.8%), Pb(1.3%) and Cd(1.3%) were
exceeded the reference value. Significant correlations between hair mineral
levels and age, the levels of S(p<0.01), Se(p<0.05), V(p<0.001), Mo(p<0.001),
As(p<0.05), Fe/Cu(p<0.05) showed positive correlations, but Ca(p<0.05),
Cu(p<0.05), Zn/Cd(p<0.05) showed negative correlations. K(p<0.05), Na/Mg(p<0.05)
showed significant positive correlation, but Ca(p<0.05), Mg(p<0.01), Zn(p<0.01),
7Zn/Cd(p<0.05), Zn/Pb(p<0.05) showed negative correlations with BMIL
Ca(p<0.05) and Ca/P(p<0.05) levels showed positive correlations with hair
density. In the hair thickness, Zn(p<0.05) level showed positive correlations,
but V(p<0.05) level showed negative correlation(p<0.05).

In the hair tensile strength, Zn/Cd(p<0.05) level showed positive correlation, but
Fe(p<0.05), V(p<0.01), Mo(p<0.05), Fe/Ca(p<0.05), Na/Mg(p<0.05) levels showed

negative correlations.

In conclusion, there were some correlations between hair mineral levels
and nutrient intakes, scalp & hair health, age, BMI, and hair physical
properties. We expect to perform further study and to utilize nutritional

intervention and clinical diagnosis of hair and scalp trouble for this data.
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