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The effects of regular vigorous- and moderate-intensity aerobic exercise

on serum BDNF level, aging- and lifestyle disease-related blood
components in middle-aged women
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YYonsei University, *Korea University & 3Korea Institute of Sports Science

[Purpose] The purpose of this study was to investigate the effects of regular vigorous- and
moderate-intensity aerobic exercise on serum brain-derived neurotrophic factor (BDNF) level, aging- and
lifestyle disease-related blood components in middle-aged women. [Methods] The participants were
recruited from a total of 19 physically healthy people aged 50-59 years, and were randomly divided into
vigorous-intensity aerobic exercise (VIAE, n = 10) and moderate-intensity aerobic exercise (MIAE, n = 9)
group. The participants were performed vigorous- and moderate-intensity aerobic exercise three times a
week for eight weeks, and body composition measurement, graded exercise test, blood collection were
performed before and after. [Results] Mean exercise time was significantly longer in the MIAE group
than in the VIAE group. The VO,max was significantly higher in the VIAE group than in the MIAE
group. Body weight, BMI, and body fat percentage were significantly lower than pre both groups. The
BDNF concentration was significantly higher in the VIAE group than in the MIAE group. The
dehydroepiandrosterone sulfate (DHEA-s) and insulin-like growth factor-1 (IGF-1) concentration were
significantly higher than pre both groups. The free fatty acid and triglyceride concentrations were
significantly lower than pre both groups, and HDL-C concentrations were significantly higher than pre
both groups. [Conclusion] Vigorous-intensity aerobic exercise not only increases maximal oxygen
uptake and blood BDNF level in middle-aged women, but also induces positive changes in aging-related

hormones and lifestyle-related blood variables.

Key Words: Aerobic exercise, BDNF, Aging-Related Hormone, Lifestyle-Related Disease

A E o

L=

1338 FAl=
2 fHFrE]IL Ao,
T BAA AN HES 2| <JsHH, 654 o] 9

T H]EL 20309 25%, 20404 33.9%% Z7}stelgt ?lﬂ% wde] S AAA-AE A 759 dAg 2

Awaln 9l oH(Korea statistics, 2019). o] 213 A% & € 72330 =d7] wj ugt AA 2 A 9
7% Ak, #8 Foll 5oz AA} Y3 AN ES

wE =39:9019 08, 30 Algret Wt oh gt DHEA-s(Dehydroepiandrosterone

=2 3912019, 10. 02. sulfate) ¢t Insulin-like Growth Factor 1(IGF-1)3} 2

AA B4 :2019. 12. 27, o Ex Laol =

* @AARE :o]ZA (js0420 @kspo.or.kr) . 54 £2& g7t FEAATH(Gauchard et al.,

Selubeiet ofet A AlA el £A
o2 e 9% A2 A8 A



12 Jae-Myun Ko et al.

2003). DHEA-s+= 20del 31
FE A2k graste] AgEay L
o2 4A Joh(McArdle et al., 2010; Thoms et al.,
1994). T3, A2 E had o8 g3 e
IGF-1& 457 ¥st 2 4ds2ey g dF7 |
7F AL Qe ol R TS 2R T ARR
249 (Corpas, Harman, & Blackman, 1993). =
A7)0l DHEA-s, A3 522 293 &7 7198 7+
7t FEYA S o] w3} #H S22 1AV T #
ol Bt} A3 APAFE BEW = 358 5 glrh
APATFor e 258 A74e w9& tde® IGF-1
I QA7 I 891 7 Aol i Hud up
AtH(Aleman et al., 1999). McCusker et al. (2006)
2 HoA IGF-13} brain-derived neurotrophic
factor (BDNF) 7} A A £ A3} 7} S d33817] 9
3 &5k, IGF-1 S7kl 23 BDNFE F7hgtcta
Elg} H} o]‘;} BDWL QQJ,], 7]0401] ozs]. odzﬂ—o
ate HAE A A2 G A 9o (Aguiar et al.,
2011; Araki et al., 2014; Corripio et al., 2012;
Cowansage et al., 2010), A1 z22 ¢ FA4Z Bol=
Aty RuE vk ik (Matthews et al., 2009). A
PATE THH, wsto] et AAA A2 H 75 1t
B9} 9 w3} 4 28 3% BDNF §& At F=
A, ol AFHI AL Aol Y& FEE T
Atk =37 7473 && g 98] el E a7 R
o Aol A o] A7 FUEdE a8, 2A
2o 2 HAolehe AA A - A2l WskE g sk oA
o A% = AlFd Aol
n| a2~ E 20083 o] o] shH

< YA e TEHe= %% JE Frat
shal JITHACSM, 2018). AaALEA»
Al At ol Ags g s
5ol = 75 P 7198 & gEdste dvt
&A1 DHEA-s $%% 57}@;}1 Hug up g
(Colcombe et al., 2003; Dimeo et al., 2001). o},
FAA $Eo 2L —I‘OHO % A\ Bl A
dgslate] 2] oUA] o] &&= st 5 A4 4
< #Aagto 24 DHEA-s $52 Z7F8tth(Bergeron
t al., 2001). Walsh et al. (2015)
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IGF-17} BDNF Z7}ell 344 o|n], F574 % o4
452 BDNFY 82 ®3ts op7|ghe
(Ferris, Wﬂhams & Shen, 2007), AFATE
BDNF 57171 @9, felAd4t, F2d 2852
ALFad #d ?‘é‘ﬂ? wQle] Jh 2 WA g HH o]
o B33k v} 9t (Tsuchida et al., 2002; Tsuchid
al., 2001). o]xqaq /\quOﬂ:rLE Efz -Ff;dz%o] LAk
A &5 BDNF 5%, =3l 9 Agsay 3 g9
°L Mo AR FeFe vd A2 AZEHAT 1
Al = =49 A7} At
FAFNN e 574 EY vluste] 1B E 4t
o] BDNF %% t% S718kaL(Afzalpour et
., 2015; Jeon & Ha, 2017; TaheriChadorneshin et
al., 2017, Vega et al., 2006), th2 Aol M= 12
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AR 50-5049] AAH 02 AU 5 197
S tgoz nisgt. A7 g Alsl 7 Ee 4
W] 8 2347 A9 TP %A A9 gl
Aolv} £, B T2 Yo AT 24 £ES
A9 e ¢ T2l Foig Aol A A 6

AL FA4 £5E A& e ALels
ﬁ:ﬁtﬁﬁ}x Eé} ;\] o:]/ﬂo];q_‘_—_ EQA 97 7]7}0]
A% At S 1A 5 dvke APATd et

(Bisdee et al., 1989) #H7 f5F< €7 445 gl
T Y 5 AY 984S 2t RE AR
Ae A7 54 2 AAE 56| duatgon, A1 7]
AFAY AR da 9FE = F JeoF 9 G
B 58 52 9oEE uS3th. A7ERES 1%
T AR F :L%(Vigorous—lntensive Aerobic
Exercise; VIAE, n=10), 254% 2 &% 17
(Moderate-Intensive Aerobic Exerc1se, MIAE,

n=9)0.% TAe 2 BRI o Ao gAY A4
A 232 (Table 1)0] A1A1 @ vhe} 2o}

Table 1. Physical characteristics of participants (MeantSD)

. Age Height Weight
Variables (years) (cm) (ke)
VIAE(n=10) 54.70+2.90 160.67+3.37 63.64+4.05
MIAE(n=9) 53.88+231 159.68+1.72 63.14+4.44

VIAE: vigorous-intensive aerobic exercise, MIAE: moderate-intensive
aerobic exercise.

Lt ZMAEEA7)(FT2,  Polar,
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B AN FA 5L EYEYS o] gal 8
F7F 3 33 AT, H2 ACSM(2018)9] ojahH
Aol g S5 Tegule] RE B $EIFO )
1.000Kcal®] oluz] 2w} 7 25 < 1508 F =

g AAIBE ATHACSM, 2018). o]ofl 2 1o A
L SENIANE B8 VOmaxE 7]%02 VIAE 1
£2 VOumax®) 75-80% 7ol d@sh= METs g+
2 -g-5tod (Norton et al., 2010), % 1,000 Keal7} &
HEEE Al Eded &5 S5 & 85
METs = dl9ste= 5.2 mphe A% 44319t
MIAE 25& VOymax 9 55-60% 7= dldehs
METs #< #8399 (Norton et al., 2010), F%
1,000 Keal7} &8 =5 A9 EYEY &5
= Ainsworth(2000)2] Compendium of Physical
Activitiesell A AA1eF METs® 22]7] $525 Fasld]
ok 6 METsol 74=0) 333t dmphS A% -2 8519t}
o, 2 Ao E METs 4=S ENE A 253
sgstetaAl st ot e SEAEE nEEkA Kt
Agdol ek, F gl thek oz Au] g Al WHE
(Table 2)°l AIAIgH vk} 2},

rl

Jl'>

m

;

Table 2. Calculation of METs, MET-Min™', and Kcal-Min™

0.0175 keal-kg*min™-MET" x METs x Weight(kg)
=kcal/min

ACSM (2018)
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FE810, Korea) & ©]&3to] 4 stx A5 2 11]7\] w
g(%) 5;(4.9 /\gxﬂﬂﬂx{a}moﬂ «]"H _2_2454,_ ]
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& &2 FIEE S99 & AA
o 2 sl e 2 Skl t), 3 S A QAo 24
FE BT AAT T SH=E 9t
SFIIHAL
TEFHARE AAAS B AATE 2 F 108
ol FAE F o T AT} A el BEE S
o sttt Edl= (TM65 Treadmlll Qumton USA)

Oi:lltﬁ ”X}ﬂ O
d AdYd= 1346}04 Mk % 4 S 918l Modified
(Franks et al., 1998). 1

g2l1 Metabolic Measurement System (TrueOne
2400, ParvoMedics, USA)E AH&-sto] HoiitadF &

Bruce Protocol < & £3%1

(VOymax) & AH&atsich.

ol 2HF K =M

= AN e AR &F ARARE SERA] 242
T 23] @ AZS AF I, D AE AH Alddle
TS24 7] (FT2, Polar, Finland) & 3l 28 A]
AR S Q1 3 PP A] Ak =EgS ) YA
AL AF 8T, &-8-aL A 2]¥ Vacutainer Tube9}

22-Gage Needles ©]&38to] 357 2l (Antecubital
Vein)el A € of TmLE A stser, A€ 2
308 o]} A2olA EHut F diEeErE o] &3t
3000rpme] T2 1587 % 1)t 449 4
A< sl B4 A7HA] —20°CAlA WE Baars o
m, FAEA A o o] st ?:413}%‘\

BDNF+= Molecular device(U.S.A)E AHgdld #E
3l¥ ELISA(Enzyme-Linked Immunosobent Assay) %
Ho g FA3ITE IGF-12 Immulite 2000(Siemens,
USA) 7} 74H] 2 CLIA(Chemiluminescence immunoassay)
WS 54l IGF-1(Siemens, USA) Al2FE AHE-3le,
X819 th. DHEA-s+ radioactive 1125 labeled DHEA-S
04= 1.0mL ¥ 3 Mixing 2 37°C water bathol|A] 30&
<k vkt o | Diagnostic products Co, Coat-a-
count DHEA-sulfate A|2F& AHg-ste], E438IAH. &
F3F 2= Modular Analytics(PE, Roche, Germany) &

A&t GLU(Roche,
Enzymatic Kinetic Assay(Hexokinase) #A}

A5t el AW Modular Analytics ]
(PE, Roche, Germany)Z NEFA HR.II(Wako,
Japan) KitZ o]&3lo], Colorimetry, Enzymatic assay
o g FMET A, 1A T e A
£ A=A ddl Z2Y 2H 52 Modular Analytics(PE,

Roche, Germany)® Enzymatic Colorimetric Assay
WS el A

Germany) kitE AF&3lo]
wHo

SH A=

ZE folH+ SPSS PC-I- for Windows(version
0

SAAM RE O

iy 2t @@ 22 AlZk &0l

Hu

VIAES} MIAE 1§ 3t 53 %
3ol AAZE vheh 2y, 5t
7. 40.30 + 3.71%, MIAE
3.9982% MIAE 2&°] VI
ATH(p(.05) (Table 3).

7t 2}ol &= (Table
VIAE 189
%’— 9 22 +

o rlo _‘d

Table 3. Average exercise time (Mean+SD)
Variables ~ VIAE(n=10)  MIAE(n=9) t p
Bxercise 40304371 59224399 10704 .001*

ime

VIAE: vigorous-intensive aerobic exercise, MIAE: moderate- intensive
aerobic exercise.
*p<.05



2 ST FARA £ wE
T 8 5 o] Wahe T (Table 4)° Al g v}
o} Zoh HuaAZAFE VIAE 259 4$ AR
29.8ml/kg/minllA AR 35.2ml/kg/min&, 1\/JIAE 59
7%, A 32ml/kg/minell A AFE 33.3ml/keg/min®
a5 AA 2 AdaAE 237 YeElTHE=6.058,
p=.019). F&3} 4 A7, 25 A F2 g Aol 7t
EfuA] 9E9toH(F=.047, p=.830), Al oAE H2
gk ko] 7} YERATHE=16.901, p=.001)(Table 4).
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Table 5. Change of body composition (Mean+SD)
Variables Group N Pre Post Sig. p
63.64 60.18 Group .904
By VAE 10 igos pa0s
Wei Time .023*
cight 63.14 60.35
k - - G
Y R v
VIAE 10 fﬁt%% £31%)79 Group .558
5 ’ ’ Time .013*
(kg/m°) 24.77 23.68
MIAE 9 f1loo 2157 e 778
VIAE 10 iga% j372%57 Group .050*
Body Fat ) ’ Time .007*
(%) 3142 2934
MIAE 9 1708 1284 b 589

Table 4. Change of VO,max (Mean£SD)
Variables Group N Pre Post Sig. p
e By g G
VO,max Time .001*

T \iag o 3% o3 i 0197

VIAE: vigorous-intensive aerobic exercise, MIAE: moderate-intensive
aerobic exercise.
*p<.05

AHTAe et

FHAA 17
A FA ] ¥ 3st= (Table 5yl AA]
< 2% AAE 2 deAE 23 YA 9%9%9_
(F=065, p=.800), &3} &4 A3} JFclA f
2ol 7k YehUAl 3k (F=.015, p=.904), A4 H
= frel ek kol 7F vEbtHF=5.650, p=.023). BMI
E I AA 2 3EAE Z3F JERA] g9ker
(F=.081, p=.718), &3} &4 A3} 181 £
gk Zpol 7} YehA] 99kal(F=.350, p=.558), A3l
A 28 Aol 7} YERETHE=6.903, p=.013). A%

< A5 AA A E 237 dehA ggten
(F=.297, p=.589), &7 &4 A7} 127} A|Ad|
A ZzE o Aozt UEHTHAE F=4.114,
p=.050; F=8.271, p=.007)(Table 5).
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VIAE: vigorous-intensive aerobic exercise, MIAE: moderate-intensive
aerobic exercise, BMI: body mass index.

FAA 13e 9 F54E F404 5 nE
% BDNF %59 w3} #d 322 ¥x wss
(Table 6)° |2 gt vke} 2t} 85 BDNF %€ 1%
oI A" BeAE g3 JERer (F=6.028,

p=.019), 23} 24 A3}, aFM Foa ZJol7} »
EhR] 2k (F=.106, p=.747), AlAlA frelet
2ol 7} YePgth(F=12.442, p=.001). DHEA-s 5%
v 2% AR 7 AsAE g3 vehA] gl
(F=.906, p=.348), 837} ¥4 A7}, 254 g
2ol 7} VA ekgkok(F=.880, p=.355), Al%¢lA
E F9J3 2o7} UehtH(F=6.092, p=.019). IGF-1
T 259 A T g3 veh A gston
(F=.904, p=.348), Fa3} 24 A3}, 253} A3 elA
27} el gk o7t vepteh(ZH F=8.385, p=.007:
F=17.381, p=.010)(Table 6).
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Table 6. Change of BDNF levels and Aging-Related Hormones
(Mean£SD)

Variables Group N Pre Post Sig. p

2049231  26396.47 Group 747

VIAE 10° 37179509 = 1808.66
BDNF Time .001*

'mL
(pg/mL) 24306.97  25006.66

MIAE 9 188058 251117 —ooUP 019

160.80 183.10  Group .355

VIAE 10 [6u6 2140
DHEA-s Time .019*
(ug/dl) MIAE o 16089 17078 o
£340 378 b 348
18540 21249  Group .007**
VIAE 10 . Hhos 13326
IGF-1 Time .010*
(ng/mL)
17103 18407
MIAE 9 136 +266 0% 343

VIAE: vigorous-intensive aerobic exercise, MIAE: moderate-intensive
aerobic exercise, BDNF: brain-derived neurotrophic factor, DHEA-s:
dehydroepiandrosterone sulfate, IGF-1: Insulin-like growth factor-1.

*|

p<.05

FI7F YehdA] gskon (F=.883, p=.354), 83
A A3, 2g3 AR AN BF #798 2ko] 7F YEhd
2 FJTHZE F=003, p=.956; F=1.676, p=.204).
FeEA At EE 250 A 14 e As 2t e
UA] ekskom (F=1.472, p=.233), &I} ¥4 237,
g g Aol YehA]l B (F=2.653,
p=.113), AlAdAM= HYd Aozt ettt
(F=5.668, p=.023). TAAW s== 157 A1F 3t
g B dUEA @ (F=.010,
p=.992), F83} &4 A3, 257 A A
gt 2fo] 7} YRRt
p=.008)(Table 7).
HDL-C $&v 253 A 1 3s5ae 837t Vgt
WA e (F=.082, p=.776), a7 &4 A3},
TaFllA fFolg Apolzt YEhA] ke (F=3.119,
p=.086), AlHlA = frel gk 2fo] 7} etk thH(F=6.291,
p=.017). LDL-C ¥ =& 253 A|H 7t 4oz 23
7F YEhA 29kom (F=.650, p=.426), &3 &4

‘I“IT'/]

(7t F=6.046, p=.019: F=8.036,

Table 7. Change of disease-related components (Mean+SD)

Variables Group N Pre Post Sig. p
R
Glucose : : Time .204
mdh) Mia g 9256 9122 Growp 354
E +6.26 +928  x Time
749.30 658.54  Group .113
VIAE 10
FEA £2345 14812 Lo o3s
(EQL) nia g 75978 73031 Group 555
E +11.69 +1539 X Time -
%
VIAE 10 i719%723 i6758739 Group .019
TG : : Time .008*
(mg/dL) \rpa g 6935 5825 Growp o,
E £9.16  +14.10  x Time °
32.06 4125  Group .086
VIAE 100 5534 2133
HDL-C Time .017*
(mg/dL) 1A 38.81 46.11
9 : : Group
E £648  £1278  yTime /70
wae o B AR e
LDL-C : : Time .142
Mdh) Mia g 10694 9917 Growp 06
E £1396  £10.54 X Time °

VIAE: vigorous-intensive acrobic exercise, MIAE: moderate-intensive
aerobic exercise, TG: triglyceride, HDL-C: high density lipoprotein
cholesterol, LDL-C: low density lipoprotein cholesterol.

*p<.05

A3k, 253 ARl B ol Aol 7k UEhbA] 5k
oHZ2F F=.102, p=.751: F=2.258, p=.142)(Table 7).

2 AT 47 VIAE 253 MIAE 2§ 2504 A
% (kg), BMI(kg/m?), AAGE(%)°] #Hadl o &
Aot o] TEH 02 FALA &5 A= Abol o=
=& A3 ulE glo] Sl mE ATl v 34
Ao U= & F lon o] FEAtolof mE of g A
& ATE BAAE AT BMI, AALES o 7+
A5 B3 vk 9tk (Botero et al., 2014; Kelly et al.,
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ALY
& <7t o]d& AlFdtH(Bernhardt et al.,

2016; Conraads et al., 2014; Sijie et al., 2012).
Gormley et al. (2008)& A21S o2 F 43] 60%
Vg = $024 £S5 (moderate: VO, 50%,
vigorous: VOy 75%. maximal: VO, 95%)< 3+ A3},
549 9 10%, °F 14. 3% oF 20.6% YA F 2ol
keSS Rash, & 5 A=l nhet H
AR Y S Rl Je %‘%‘:l HE itk Hoj Ak
AT 7l oIk #2140 FAAE S5 T3 A
7% 4¢3 4 W mitochondria 2719} 72| 7},
j_aiy_ :1_7-.,T q] glycogen x{x}al: k:r:':] d/\l- :Lﬂ

Krebs cycleZt 35 AA ofg thit &52 F7tol ¢
o A3t Al tH(Aoike et al., 2015; Dandanell
et al., 2017; Yoon et al., 2017). & AFolr 2 &3
VIAE 59| &% 7 =7} MIAE 255t 24 i tiAL 4
SO fEs, 2o e 5 =R Qe Ad 7)s
3} A 24 9] mitochondria 2719} 4+ 571 & W% &
& 1ol H A A e A3AQ1 S A
MIAE 155t} VIAE Zgdll4 Jepd Aoz A7t

By O N
ol

M ¥ o

i

X BDNF SE 2 3} 23 S2209| B}

B o3 A3 €% BDNF st 153 AW 1A%
28 g2 goldto 24 VIAE 180°] MIAERT} 9]
3 =S BEGY. APATFEANE 1= 74
AA $Eo0] 2559} vl waEle] % BDNF 29 &

The effects of regular vigorous- and moderate- 17

7t EabAQlS Haudt v Qlth(Afzalpour et al.,
2015: Ross et al., 2019: TaheriChadorneshin et
al., 2017).

3], &5 Al BDNFE A4, 242 oA s
™ (Matthews et al., 2009), =53 7|0l T8 &
< dtfa B (Aguiar et al., 2011; Araki et al.
2014 Corripio et al., 2012: Cowansage et al.,
2010), ¥% BDNF &9 7P} €9, felAwit, 22

t 2B 5 2 AT F F wele A U
g o] 9ltka Eudh vl JtH(Tsuchida et al., 2002;
Tsuchida et al., 2001).

Akt dfae] dgdFarle fith 25 £ 8
% BDNF7} 57181 (Rushcheweyh et al., 2011),
T e HlEEt, A Ao w2} o E

489 tH(Rojas Vega et al., 2012).
g g BDNF }"—_-.7]' TF
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