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ABSTRACT

This study investigate the effects of a 12-week barefoot walking exercise on female hormone,
brain nerve growth factors and immunoglobulins in postmenopausal women. It aimed
to provide the fundamental data for developing an effective exercise program to help
postmenopausal women maintain a physically, psychologically, and socially healthy life in
senescence. Postmenopausal women in C-city, Chungcheongbuk-do, were recruited and
randomized between the barefoot walking group(n=11) and the shoes walking group(n=11)

‘ for subsequent analyses. The walking exercise program consisted of three 60-minute

'.) sessions per week for 12 weeks. The levels of estrogen, brain nerve growth factors and
%f;)%c;;gr immunoglobulins were measured before and after the exercise. Two-way repeated measure
ANOVA was performed to analyze the before-after difference between the barefoot walking

a OPEN ACCESS group and the shoes walking group. The results acquired from this study are as follows. First,

the estrogen levels during the 12-week walking exercise intervention were not influenced
by the group or duration. However, the duration of the exercise significantly affected the
barefoot walking group. Second, the brain nerve growth factors, namely, brain-derived
neurotrophic factor(BDNF), insulin-like growth factor-I(IGF-1) and vascular endothelial growth
factor(VEGF) were not significantly influenced by the group or duration during the 12-week
exercise intervention. However, the barefoot and shoes groups significantly affected BDNF
and VEGF. The duration of the exercise did not affect IGF-I in both groups. Third, 1gG was
significantly influenced by the group and duration during the 12-week exercise intervention.
N ) However, IgA and IgM were not significantly affected by the exercise group or duration.
The fsan Open Accessaxtice Exercise duration significantly affected the 1gG of the shoes walking group and IgM of the
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Introduction
HABAF A= o5 7H19A] o4 o520 ot AAEE A3E8-2 20169 46.4%°114 2019
d 42.7%= 7H4asiglon, £5|, dgo| =245 ddste 4 ot 15t 9 Al EE B
%, Ao gl 5o & Fdofdol|A|A nhdAgto] |&£4 02 FTtskal ]%O] H =] eHMinistry of
Health and Welfare, 2020). 3'd 01 ol A4 R Agto] 2|44 0 2 J7foh= 212 o227 BH| A &
+ 239 gFo| A, 29| oA 52 3t Aol A WY E] = 7 7] 52 thAKmetabolism) H 2 22
7] 4=0] H3EE Qlof) ThgRt AlA1 A A 2|4 Akl A Q1 ' SkE 7 5HA| HThKim et al,, 2014a; Zheng et al.,
2018). 531, 7] ol d 52 d4 75 Aot whet S22 F8]7t Ak o] W AW 242 ASHAA H
TS FEoka, AEEA A 20AS 2 S-S, FEsto|H, IR )s A, HY 75 Aoh sk 2
choFslh Aol 25 9J3]o] Z71ElthAl-Safi & Polotsky, 2015; Hampson, 2018; Imtiaz et al., 2017).
O|AEZNE 2 _0}01‘31 Q17| 5 42 ¥ o] Ql=t|(Hara et al.,, 2015; Weber et al., 2013), o|AE
‘&4] oot 7HASHA| W tof| o) Zafisto] 7|} QIR 7] 5ol FAA IS oF= sfivt
92 YoA O'X] 7159 £/42 A EthGoveas et al., 2011). ©]243H & 7|50l P 0]A]
= A9 7172 2] 7kAd (brain plasticity) 22 A= 4= Q=T HollA M2 AZGAIZ A4, A48
gl 3] &o] Trojoh= tEZQl =4 o] Eﬂl’dﬁﬂﬂﬁh MXPO'X}(br:sun nerve growth factor)O| ™, *=|-§-2f A7 3%
Q1 k(brain-derived neurotrophic factor; BDNF), Q&% 3-AF 43791 2K insulin-like growth factor-I: IGF-T), &3+ Ui
1] M| 3£ AJ7FQ1 R K(vascular endothelial growth factor: VEGF) o] Qlt} o] st EAE2 AAIEL A, £44E
AZ3AE D T2AZ 0] 35, mAE el A 2 A 3 52 9l /IA]7]50ll 3784 Q1 F&FS rlxith
(Kang et al., 2020; Maass et al., 2016).
3t e3kE Qlsf Al A2 A o & eksliXl Fidof/dol|A|l= HeE o] F sttt W= QA7) o
2HE At HdTdS SE 4 e e Yo, AA|o|A HeRg-o] A-siA| ojur] YsiAle
2 A 2E2] 2] 7Hd ARl A& Ak-go] Qlofof gttt QIA|Q] F4rol| A A3 H BA|EZ= A A4 ‘:ﬂ@.%&'
A3517] 9J5he] 12252 (immunoglobulin: Ig)S 2| O 2 ¥E35H 7] 22 0 2 [gA, IgD, IgE, |
7RA)7} ek A F 25T 0] So]4] HAA| A= 25 H U] QUA| Z Aol chgt of it vof, 1
o] zhelof| A o F 23t S5 Sh= T 7/ ol 2t & 4= QI THKang et al, 2008).
TR 252 of2] APAE Sl thit 5=, H|Th A S eA A of, vldu]|A g
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; Meuleman et al., 2000).
AAEE F Faka 259 Felz DA 4A A 5 Ue 5 5 sh7E 27150l 271%

5. E5HYuL} AAE Rio] 1 Fhel Aok 79l glom ol A 4ES 1R FE FEE
gofsp7Iol thE £33 vl w3 u) £5 2|48 U 58 4ol & Holckantal, 2006). 27125 73 F
Q7] 52 el chof RS AT ote] A\ EIp} AT, Bl s Z sl 2yl 4Kl of
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"1} 2]-80f] G314 o] CHChevalier et al., 2013). Choi & Kim (2020)2] ¢1Lo]] )51 siEkA 7] 250 x| HH5
7N A2 el & &7t Lt A4 247 &54t ol mi¢- ExkA o2kl B 151Gt o] 2
of| = A Y] 252 A EHI A (earthing)E B0l A2 HARRS, A 217, FHIAS L AP A
2 of|3 7} x| 2of] 242 G117} 21 (Oschman etal, 2015), @72 71X 24 Ad T Asto] S =
o= Wt S-S Ue= A7-E0] B 31 QITKChevalier et al., 2013).
ol AT ES T & uff ME 7| 52 Al AR Qa1 A7) ol Hhupgg Ay A =go g
H ol A|A 5 AlAA 7Rk opyeh, Ale 4 A A4 by, i A3t
2 EEAAC et =R 4= Qlrt 22, ST 5ol of
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Methodology

Participants

o] A= FHEE CAlol A FR1 W77 od= o2 22 o7 52t 32714 AAlE-5of 7o
8ol glaL oJstA o = o] Aqto] e e RlS SRYch=t] B0l gl 2285 AT o] AF
o] HA| & H&s| Aol APA o] QJALS B3l R zhE oo 2 s 7] 25 A 119, A
5 A 1 og A ggsto] A Aegsiol om, A4t ZojRie] MAIA /42 Table 13 Tt

Table 1. General characteristics of participants

Group Age (yrs) Height (cm) Weight (kg) BMI (kg/m)
BWG (n=11) 56.271t4.38 159.22+3.69 64.03+6.54 25.161+2.58
SWG (n=11) 58.7315.06 157.12+3.36 61.6018.61 24.91£3.01

Values are Mean+Standard deviation.
BWG: Barefoot Walking Group
SWG: Shoes Walking Group

Procedure

o] A+t= A+ AlES skl Koiiehul &2 3] o] AP 5151 & KNUE-2020-H-00125-
D2 e & AEE Fojat 28 S O o2 At o] 5o/ E B, A7) 25 A 117, A 7|
5 AT 11 o8 B4 dgsio] 21g¥siitt 2e 2 1 AA| A /Rl E v RS Fof A H =2 1Y
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Exercise Program

Exercise Intensity

o] 1510l A= Karvonen 3412 °]-8-5t0] ojakE
o3 AlMF~HRR) 30~39%] AL 2 ZF AldLsE
7()1—5_; _E'_.u_ AlHl—AE M7d o].o:h;]. o}-;q /\] Al 1;_']-_/'&_
R, A7) Al AEke 471 & &5 285

&

Frequency and Time of Exercise
5 Rl 3 025

Exercise Program

7|18 = T2 o n|L AT 20|53 0] _9_574/\}@ O = 2]u}

25,97 259 712 242 P, AR

Table 2. Barefoot walking exercise program

t} ZH| 257} A2 =0
 AHRHRR) 40~59%2]
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25 Al AL BANNE71E AL gstel 275
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tEsH A 2Hal 9] 7 o] BHA

5 4EE 2Yst0] 25 2= SIS Hrheh ol 4w 07253 Ak

7h338)2 7519, 18] 95 ARES 020 2 AJstel Raksisict

A Z(ACSM, 2018)01] e} 1] 25, 2
25 X 277382 Table 2, Table 32} 2T}

[tems Exercise Time (min) Intensity Note
warm-up Dynamic stretching and gymnastics 10 30~39% HRR )
main exercise Barefoot walking 40 40~59% HRR 3 tﬂlze ;i:vkiek
cool-down Static stretching and gymnastics 10 30~39% HRR
Table 3. Shoes walking exercise program
Ttems Exercise Time (min) Intensity Note
warm-up Dynamic stretching and gymnastics 10 30~39% HRR 34 K
main exercise Shoes walking 40 40~59% HRR /r{lze ;z:vkie
cool-down Static stretching and gymnastics 10 30~39% HRR
Measurement Items and Methods

Measurement of Physical Characteristics

A2 AAA BSM370, Korea) S 0|85t 24819111, #1522 TR | ZA|(BFA-25, Korea) S 0]-8-5}0]

Z7g33ith BMI= AlS (kg A8 m’) 32l 27sto] A=

Blood Analysis Method

o] o] Halelol oA T E RO AE ZA) HAHAHE A<l X}(BDNF IGF-L VEGF)’ ol %E
146, 16, 1]M)S Z7517] 9190 A7 ola} ALl AR Bolg o
W3k 270 2 g ARSIk AP L 2041 RE 1247}
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Data Analysis

A AHE= SPSS 21.0 T2 7S o]-§5to] - F4ol| BHA| FA] 22sieleh A oAkl Lkl
B2 71edAE 5ol B4, F HTe] 25 Mt 9] of 5 =2} WA A AdgRIAF 2
%E%E'JOH ﬂioP 8 A= gd g ﬁ%f%‘ii}i A|A[SHAT 7] 25 A A7) 25 Hde]

Ak %945_} P°]7P‘—PE}E 3 AT ol A5 SHEE 7S (Independent ttesty2 AAISFIAL, Al
71 2H52)d S-S th- 332 +-735:(Paired ttestyZ A AISHATE. o]wf, A4 Fo] 42 a=052 AT

Results

Change of Body Composition

12527 HEEA7] -5 Aot A7) 25 Aee] AlATd o] H3k= Table 49+ 2T} Al52 ot
A719] 45 A-g Gk Q= 7o UeRFOH[F(1, 20)=2.177, p=.156, °=0.098], A]7]9] Fait= o
Sk Z10 2 VFEREAIF(1, 20)=15.290, p<01, /=0.433], ] Fa3M= 7-ol5kA] %2 71 o= LrERFTHA(,
20)=0.389, p=.540, N"=0.019]. AFEAS At A3t siH7] -5 ko] A]7] 7F Afol= [-2l3t 7o
E YERG O H[1(10)=3.252, p<.01], AIEA7] 25 HTke] Al7] 2t 2fo]= G517 gk 2102 Uyt
[t(10)=2.171, p=055]. FALFL A} Al H FeAE ate gle A= YEFEOM[F(1, 20)=0.202,
p=658, 17=0.010], A|7]2] F&T}H= Qo)5t 72 0 2 EFETI[F(1, 20)=4.544, p<.05, 7°=0.185], ATHe] &
H= 90J51A] 2o 71 0 & UERFTHE(1, 20)=2.183, p=.155, 17=0.098]. AFEAA S AlA|5F Aat, miebA 7]
2% Actko] A7) 7t xfo]= folakA] ok 7o & UFERE O W [((10)=-1.495, p=.166], A7 &5 Atk
9] A|7] 7t z}po]= golatA] 9ke 710 & UERGTH(10)=-1.667, p=.126]. M A &2 ATt} A| 7]4 s
22 k= Q= 210 2 YO H[F(1, 2020322, p=577, W=0.016], A17]19] Fa 3= Golgt Ao 2 1}t
ERHAI[F(1, 20)=23.671, p<.001, n’=0.542], I 2] Fa 1= [-o)51A] g2 702 LEFTHR(1, 20)=0.027,
p=872,'=0.001]. AFEH S AA[SE Ak, tilA7] 25 ko] A]7] 7 Zpol= f-ol8h Z1 0 2 Lpeyt o
[t(10)=3.496, p<01], AlA7] &= ko] A]7] 7k zbo] & 8-0]8F 7] © & LFERFTH(10)=3.414, p<01]. M| D
2|4 Hekah A)7]9) Aeag Gk Qle 202 YR O m[F(1, 20-0.001, p=975, 1=0.000], A17]9] 3
G3H= B3 7 02 ERFII[F(1, 20)=8.156, p<.05, 1=0.290], Ae] FE3H= F-9J5H7] ok 2 0 2 Lie}
STHE(1, 20)=0.042, p=841, 1°=0.002]. AL A& A A S Ax}, s 7] -5 ko] A]7] 7k 2}o] = F-o5h
710 = RGO M[1(10)=2.380, p<.05], A 7] 25 A Te] A]7] 7t 2fol= F-olokA] &2 7 o = el
[t(10)=1.776, p=106]. FFAHE-2 ATt A]7]9] A28 G3k= Gl A 22 LEREOH[F(1, 20)=0.000,
Pp=1.000, 1’=0.000], A17]2] =& H= 323k 2 0 2 LRt aI[F(1, 20)=44.806, p<.001, 11" =0.691], AEHe] &
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= G-0J5HA] ek 710 2 UERFTHE(1, 200014, p=906, 1=0.001]. AFEZ S A A5+ Axf bz 7] &
= ko] A]7] 7t 2fo]= [-oJ5k 71 0 2 LFERG O H[1(10)=4.949, p<.01], Al 7] &5 ZJ ko] A]7] 7+ 2}o]

S
T RoJsh A o = LFERGTH(10)4.543, p<01].

Table 4. Change of body composition

Items Group Pre Post Source F Sig.  Posthoc (p)
G 389 540
. BWG (n=11) 64.03+6.54 62.70+6.48 . .009*
Body Weight (kg) - T T T 15.290 .001
SWG (n=11) - 6160861 61004915 5177 156 055
G 2183 155
BWG (n=11) 22.70+1.82 23.30+1.78 . 166
Skeletal Muscle Mass (kg) T 4.544 046
= 642,08 22.03+2. .
SWG (n=11)  2164+2.08 22034204 P P 126
G 027 872
BWG (n=11) 34.34+5.09 33.12+5.67 - 006"
0,
Percent Body Fat (%) SWG (n=11) 34.55+4.54 33.59+1455 - 23671 <001 007%
GXT 322 577
G 042 841
BWG (n=11) 25.16+2.58 24.75+2.49 039"
Body Mass Index (kg/m’) T 8.156 .010*
=11) 24.913.01 24.5143.41 1
SWG (n=11) 24.91+3.01 24.51+3 GxT 001 975 06
G 014 906
. o BWG (n=11) 0.92+0.04 0.91--0.04 - 0017
Waist to Hip Ratio (WHR) T 44.806 <.001 s
= 92+0.06  0.90+0. .
SWG (n=11) 092006 090+006 .. 000 1000 001
Values are Mean—+Standard deviation.
'p<.05, "p<.01, "p<.001, “p<.05, “p<.01
Change of Estradiol
1257 7] 2 =3} AldbA 7] 2-%0f whE o] 4 5 2 2.0] HSH= Taple 52F 2T} Estradiol T} A
719 528 aat= Qe 4_E LFERE O H[F(1, 20)=0.285 p— 599, n’=0.14], A1719] Fa 3= Fofet Ao
2 UFERHAI[F(1, 20)=5.618, p<.05, 1=0.219], A THe] Fa1h= F-25HA] 942 710 2 LFERFTHE(1, 20)=0.373,

p=.549, °=0.018]. AFZ A AAISH A3}, WiE7| &5 %‘JEH A7) 7t 2ol folet Z1 0 2 UrEy
O H[t(10)=2.595, p<.05], ARFA7] %5 Zehe] Al7] 7k 2ol -o)5HA] -2 7102 LrERTHt(10)=1.552,
p=152].

Table 5. Change of estradiol

Items Group Pre Post Source F Sig. Post-hoc (p)
G 373 .549
. BWG (n=11) 6.48+2.20 4.75+0.25 . 027
Estradiol (pg/mL) T 5.618 028
= .56+5. .8240. .
SWG (n=11) 7.56+5.86 4.82+0.28 GXT 285 599 152

Values are Mean=Standard deviation.
"p<.05, "p<.05
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Change of Brain Nerve Growth Factors

1257 WA 7] 253 A7 5o w2 HAIZGA I Ag7R1Ake] FASH= Table 63 ZT}. BDNF
£ A} A719] Ae2e Gk Qe 202 UeRom[R(1, 20170310, p=584, =0.015], A17]9] &
L Qo5 730 & UEREII[FA(1, 20)=59.730, p<.001, 1°=0.749], Ate] & 7t= Qolotx] Po 7o & 1}
STHE(1, 20)=0.000, p=987, °=0.000]. AFEA S AAISH A3t wiibA7] 25 o] A]7] 2k atol= &
3t 210 2 LEPGOM[1(10)=6.534, p<.001], A1 7] &5 HTHe] A]7] 7t Aol = {25t A0 = LiE}
S THt(10)=4.956, p<.01]. IGF-I2 AT}t A|7]9] AT A8 ait= gle 7102 UERG O H([F(1, 20)=1.550,
p=228, 1'=0.072], A1719] FaH= F-ol5HA] -2 7o & LFERFII[R(1, 20)=0.668, p=423, n° =0.032], I
o] Fa k= FoekA] g2 7o & LrERFTHR(1, 20)=0.011, p=919, 1'=0.001]. VEGF= HTt A]7]9] 4%
k8 gate gle Zlo 2 RGO M[F(1, 20)=2.092, p=164, 1’=0.095], A17]2] Fa3t= qojt o=z
EFGEALF(1, 20)=25.522, p<.001, 1=0.561], 2] FaI= F-olobA] -2 21 0= LFERGTHE(1, 20)=0.076,
p=786,1=0.004]. AFEH S AA[SH A3, A7 -5 ko] A7) 7 &pol = f-olst Z1 0 2 UpEto.
[t(10)=2.493, p<.05], A1 7] &5 FEke] A]7] 2k tol= -] et 71 o &2 LR THH(10)=4.704, p<01].

=

lo m

r

Table 6. Change of brain nerve growth factors

Items Group Pre Post Source F Sig. Post-hoc (p)
G 000 987 ‘
BWG (n=11)  9.69+4.30 4.18+2.88 w <001
BDNF (ng/mL) gy (n=11)  10.14+5.64 3774204 L 59.730 <001 .001%
GXT 310 584
BWG (n=11) 126.85+38.08  136.24+39.10 ¢ o1 919
n= .00 O0.! L2ATT0.
IGFIMg/mL)  gwe (n=11) 13413+37.04  13218+3943 L 668 A23
GXT 1550 228
BWG (n=11) 246.55+12340 182.32+123.28 ¢ 076 /86 032*
n= . o R o YA . ok .
VEGF (pg/mL) o (=11)  259.52413519 1437547752 L 25.522 <001 001
GXT 2092 164

Values are Mean=Standard deviation.
"'p<.001, *p<.05, “p<.01, *p<.001

Change of Immunoglobulins

1257 A7) S5 AEE7] 5ol 2 HY S 2572 Mk Table 72 2T IgGe T A7)
o Ao A k= 80]3t 7] © 2 LR O H[F(1, 20)=7.500, p<.05, 11=0.273], A1 719 Faa}= QoJ5t A o
2 YEFEII[F(1, 20)=15.089, p<01, 1’=0430], A THe] FaTH= 728 210 2 UEHGTHF(1, 20)=6.433, p<.05,
1’=0.243]. AR E AAISH A3t miiEa 7] 5 o] A7) 2Fapol= golobA] k2 Z1 0 = eGSO
[t(10)=0.945, p=367], A2 7] 25 AT A|7] 7k 2ol = F-2l3t 7 0 = UEFGTH(10)=4.164, p<.01]. ~LE]
1,5 & A 7 Aol = f-oJgt A o2 YERFTH((10)-2.808, p<.05]. IgAE= e}t A7) 9] A5 2kg aat
£ e 202 UERFOM[R(1,20)-0.941, p=344, /=045], A1 719] Fa = F2J51A] &2 7102 LERtT
[F(1, 20)=3.882, p=063, '=0.163], ] FaTh= 7254 -2 7102 UERFTHE(1, 20)=0.949, p=341, 1
2=0.045]. IgM2 Hh} A]719] Abe AR k= gl 71 0 2 LR O H[F(1, 20)=0.000, p=983, 1°=0.000], A]
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719] Fa b= Fofet A0 2 YEREAI[F(1, 20-9.244, p<01, °=0316], o] Fa7h= F-2oJ5HA] 2 A2
2 LFEFSTHE(1, 20)=0.248, p=624, 17=0.012]. A& A AISH 23t i 7] 25 o] A7) 7k atol=
Folgt A o= YERFOM[1(10)=2.455, p<05], AILA7] 25 AT A|7] 7F &fol= FolotA] 2 Ao =
LERATH(10)=1.942, p=.081].
Table 7. Change of immunoglobulins
Ttems Group Pre Post Source F Sig. Post-hoc (p)
BWG (n=11) 1,332.18+151.34 1,309.91+205.16 ¢ 6.433 020 367
n= ,332.18+£151. ,309.91£205. e .
1gG (mg/dL) g (n=11)  1,225.36%97.79 1,096.641146.13 T 15.089 001 .002%
GXT 7.500 013
Post-hoc (p) 011"
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n= /O . /O .
BAmg/dL)  qwe 1) 2014548267 1926447502 L 3882 063
GXT 941 344
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n= SOTTLO. oo J YN ok R
EMmgdl)  qwe (=11)  9155+4186  8527+3727 | 9.244 006 081
GXT .000 983

Values are Mean=Standard deviation.
'p<.05, "p<.01, *p<.05, “p<.01, p<.05
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