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The Effect of Tilt Angle on Autonomic Nerve Modulation
during Post-exercise in Healthy Men

Hyeyoung Jung & Maengkyu Kim*
Kyungpook National University

This study was aimed at investigating the effect of head-tilt angle on autonomic nerve modulation
immediately after a single bout of exercise in twenty-three healthy young males(age 21.96 + 4 yrs).
Post-exercise HRV was measured on supine(SUP), -15°head-down tilt(HDT), and +15°head-up tilt(HUT)
followed by 20 min aerobic exercise with moderate intensity(40% of VOima). As results, heart rate
recovery during post-exercise on each tilt angle(SUP vs. HDT vs. HUT) had no significant difference(p >
05). Also, there were no significant difference in time and nonlinear domain index of HRV. On spectral
analysis; however, frequency domain index(HF, LF/HF ratio, HF/TP ratio, HF nu, LF nu) had
significant difference(p < .05) on each tilt angle at recovery. Especially, PNS reactivation index (HF,
HE/TP ratio, HF nu) had significant increase on HDT compared to HUT(p <. 05) while SNS activation
index (LF/HF ratio, LF nu) had significant decrease on HDT compared to HUT(p <. 05). Furthermore,
there were significant interaction between recovery time elapsed and each tilt angle (except for HF/TP
ratio). In conclusion, -15°head-down tilt promotes the effective cardiac vagus nerve reactivation

immediately after a single bout of aerobic exercise.
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?_11;—4@ single bout) $EAZe 343 SNS B3} A& (all-cause mortality) 57+t #dete A o=
9 FuiH7 A (parasympathetic nerve system, Hus A Cole et al., 1999).
b &5 F Al&E PNS A3 & 587
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, 2008) & AF2H(Choi et al., 2011) & T
5} B‘ZHXV] o] Almsojgitt, 2y ojegt SHES
_r7}x4 x]-l:l] r= §1r ;541 /g;qo] -U—:Ilﬂoi “Xﬂ otyb}_i
el A A A&at7] oAHTt
b A% ANSE $E9] 9dl 71918k 7194 2B~
(orthostatic stress)®t A3l FATH(Montano
et al., 1994). A4 7194 2~Eg 2o g ANS &
Ag Hrtst] el AW zRE HEydA Y e, S
‘head-up tilt' *x Bt AEPHC] %= (heart rate
variability, HRV: Task Force, 1996) ¥4& 43
A3 0°, 15°, 30°, 60° 2 90°¢] HAAI e 7]
£71(tilt) Zr(angle) $7F= PNS 243ls S o
2 Hldele AdEHY 1334 E(high frequency,
HF power) 74 2 SNS &43} A& LF/HF ratio
(ratio of low to high frequency) 7} +<3HA
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#AsE Aoz YelgtH(Montano et al., 1994).
T3 Tulppo et al.(2001)2] Aol - = 20°, 40° 2

60°9] tilt 2 7k HF9] At ofyet ZE AFY
& 7k #dE Y EAASF DFA ol9 $715
=t 7403 ‘/}E]r‘*ﬂr Wby Al S ARAl
(supine) & X33 W A9 4, = head-down
tilt(HDT) & PNS g5& AN e 8844
AN 2 HuE9th(Malliani & Montano, 2002:
Perini & Veicteinas, 2003). HDT A& 34 &

S7HIA Al FAEF
Fo] Aes AT 2 NHAA A B E = Y
(hydrostatic force)= #&A17]= ® AA Mclnnis
et al.(2006)9] ATellA A7et A S dde=
by Al ke AA(90°upright seated posture,
URS)$t -15°HDTE 42 60% 3t A< o,

W32 (venous return) =

HDTE URSe &l Autre fhad i 13 Ak
g foeA e S Husiiy. me a7t E Ak
2E(75% VOspear) F 3571 EGEHA vh-g-& vl
3t A¥}, HDTE URSH 8l 3 &7] whe 4uks) & 9
13] Aluhze z,—7}7} HEE Y, ol AFATE 1
3] AutEo]l AdEdsn st ddsin by Al
Ak gl 5 & A4S Eo] ANS 24 7|91t
WA -15°HDT A7} &+ Al & S55A F 4
4 PNS Ag4dste 23X 4 gle e A +

AeWdE A aeiv Al &% F -15°HDT
A7} PNS A48} 5 ANS #8240 1]X)= 93
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Table 1. Clinical characteristics of subjects (n=23)

Variables Values

Clinical information

Age, yrs 2196 + 41
Height, cm 17471 + 1.04
Weight, kg 6993 + 192
Body mass index, kg/m? 228 + 52
Waist/Hip ratio 8+ .01
Fat, % 1683 + .83

Values are means * SE
MHR, mean heart rate; SBP, systolic blood pressure; DBP,
diastolic blood pressure: MAP, mean arterial pressure
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A3 session 57

2 IEAsEe A9 wAA (randomized
cross-over design)® TAE & A Mo A3 session
o Zsldtt. 7 sessione 2= FEE Aot A
A A &5 F FE57] 208 Bt A4 O tilt
Z-(0°supine, SUP; -15°head-down tilt, HDT:
+15°head-up tilt, HUT) 2.2 A€ Tilt gl &
M FA3EE AsIA T 7} session ZF &4 484
7+e] wash-out= Fst9 1, &34 F7](circadian
cycle)d] & WES HAaslslr] el Y Azt
=7 319 tH(Buchheit et al., 2009).

LA KAIARE

AP 2A A A (baseline) A # 4 24417t B 4FE&
2 7tEQle] 3 S8 AFHE Agtetn
A4e AAGFS FANAY. YT
fasting) ¥ AA2AE £ Zﬂ dA3hy
o].oﬂ ol:q 7~ /Kﬂ
A3 H & 207 o]} FA & /‘e“‘ﬂoﬂ Zost
atich. @A F71AHE 2
s z]_/::zqo] 7LEo] O]*Er ﬁf"‘ﬂ, 7,} session A ¥

Ash AR AERE WA

Algteio| = (heart rate variability, HRV) &3
L5, §5, &g 9 X 5 ANS 2™ g3k v
2955 A el 94 2=(22~2
(50~60%) 21 7 @& 2ER A7
soundproof chamber) WolA HRV ®Y
Elgo] AAIEATHKim & Kim, 2014). HRV #4&
g rr intervals FAAEA Polar RS800CX
(Polar Electro Oy, Kempele, Finland)Z& ©]-£-3l
ALY sdon] =3 ;\] %ﬁ-;‘d;ﬁ ol Az B0} &3
d Aol e AHE AE(amplitude) & F7HA71 2

2 "A7] (metronome, 15 times/min®] &g .25
Hz) & o]&3te] @759 9—1:1 N 25 FH4s)keel
TH(Strano et al., 1998). ¢F8 Al= 10% &< Ht

it

o 1—n 2

SHAl & A (0°tilt) = SR, JE7E +F
215 Recl(post-exercise at 0~10min) & Rec2
(post -exercise at 10~20min)olA 22 108 =<t
@A tilt HolE ol AFE el 3 E7] 53t
24 5AJt}. 7159 11 intervals< Polar RS8OOCX
9] chest strap(two-lead)< %3l 1000 Hz=Z #Z
Hlom, BE dAHolH (raw data) = Z“U\JE"H
Z 58 % ¥, HRV ¥4 AZEg9 Kubios
(version 2.0, 2008, Biosignal Analysis And Medical
Imaging Group, University of Kuopio, Finland,
MATLAB) 2 AE3t9th. 4 A artifact correction
< &8l ol&/d beatE AIAskL @713 HRV 3 a‘ﬁm}
Z2EZd| e} d429l rr intervals® HIECRE A
ZHtime), T3 (frequency), 1812 H]’H?ﬂ(nonhnear)
AFES AEsnh. FAF R Azt e 8 A%
24 HRVE] % &%= A3 SDNN(standard deviation
of r—r intervals)¥ PNS 43t A% rMSSD
(square root of the mean squared differences
2 pNN50(NN50
divided by the total number of r-r intervals)<
Z31T). TS nsrelogt(fast Fourier transform)
Hdoﬂ o st~ EY A5 F PNS 43S et
+ HF(high frequency, .15~.40 Hz) % SNS¢
PNS9 &3x % [LF(low frequency, .04~.15 Hz)
& AEsIGTh FH R F g o) &8 A &
A|<(LF/HF ratio, HF/TP ratio) ¥ A3 #
(normalized HF, HF nu: normalized LF, LF nu)
= Axketdt, & dFddA e HAd g 5 91zt
HRV #4¢l| 84 7}53F Poincaré plotol|A] PNS &
Aas Wrgdsles x5 qu]% SD1¥} EdAEZEA y
% Wol& SD2E =&dtal, + #° SD1/SD2 ratios
ARGl g 2 0%51‘/\ (detrended fluctuation
analysis, DFA)S AF&-3}o] ‘;}7]7}4 Hol &S UE
U= DFA o 13} 3713te] Hol &3 Yehl= DFA o2
E AEda T e HEZ ALMEE DFA al/a?
ratio® =33t o & HRVY &34 €4 23
23& 9kd (Richman & Moonman, 2000)3R= SampEn
£ A& tH(Tarvainen et al., 2014).

between successive -1 intervals)
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MRS Z2EE

n| =t 8k A ¥ 20] 83 (American College of Sports
Medicine, ACSM)®] 7tel=giQldlA AHAE F3&
A3t ST FAASE Tl A #FH(maximal
oxygen consumption, VOona)d 40~60%E A%
3har ATHACSM, 2013). weh £ dFME &%
BT AR A B &F A-e] gle 2EAY S
123}0] 40% VO AABA T 3 Aol XA
7 @] s FEE] Yal HulakaAdFH F
A H7He wiAlst L 4 7o' 40% VOumad &
gt HUAEE(maximal heart rate, HRpa)9l
63% 7F=Z(Swain et al., 1994) FI= A

Z} sessiondlA AT FAASE 8L treadmill
(MAHA3, TAEYOUNG Inc., Korea)s ©]&3F 4
km/h £x9 71 ¥ A7 (warm-up) & A &ske] 5E
ojel FEzte] HE AUt EEER FEEES
ARA o2 Z7MZAH (Kim & Kim, 2015) D84
o] Aldhgs 2l SEETE &4 07 WUEY &9
T 207t &5 F, A& tilt Hlo]ER o] F3to] 7}
sessionsq 54 tilt Ztel A1 (SUP, HDT, =& HUT)
20% B #2415 #HsktH(Takahashi et al., 2000).
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T2E AaAelE SPSS 22.0(Statistical Package
for the Social Sciences Software, Version 22.0,
Chicago, IL, USA)& o|&3f Zt 358 Hi (mean)
3 ZF LA (standard error, SE)E AHE3}9lon,

2E dolE & mean + SEZ YERITH 7} session
2t baseline #to] A%< 3 L EAHEA (one-way
analysis of variance, ANOVA)& AA|3l39 1,
Bonferroni post-hoc test® & AFEEA S 35}
Aok, E=3t HHE=ZAEAHEY (repeated measures
analysis of variance, Repeated measures ANOVA)
= FYstd & F IAEANAE I mE He
(HDT, HUT, % SUP)¢ 528 &¥Hinteraction:
Time x Group)& AS3IANY. RE FAF feos

()& 052 AHst3it

A7}

Zpo] 7F YA °-‘2M(p> 05). HRV° % 4=
A& SDNNJJr PNS 243} A& rMSSD 2 pNN50
E 2% F HDTAA g2 Fdd b8 £ & et
H%‘}izb}, Ak b BAAQ ztole YepA sttt
(data not shown).

T3 7} session 7F AEH BE Py A Bl YR
OM Hg Al FH b Apole UEA tHp )

05). PNS 243} A% SD1% SD1/SD2 ratios ¥

_‘

%— < ohE tilt 2ol B8 HDTAA 718 =4 7kt
o1, w 9% Aol ek @9teHp )
.05). SampEn 94 the Hl Bla) HDTOA 743
2 SRR 1% T A Al dehi

Uth(p ) .05). ZdEEA X7 DFA al(p) .05
DFA al/a2 ratlo(p ) .05)E &5 ¥ &7 bgE
kel vlg] HDTOA ZA Frastd o, [ 2t
ol zfol= ERA] ekok

3:0
)

(data not shown).

Post-exercise Heart Rate Recovery

/] Immediately after
exercise

Not

120 »//

Mean heart rate (beatsmin')

Recovery time (min)

Fig. 1. Post-exercise heart rate recovery
Sup, supine; HUT, +15°head-up tilt; HDT, -15°head-down
tilt: Recl, post-exercise at 0~10min: Rec2, post-exercise
at 10~20min
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% 3|27| HRV II{AEHEZH (power spectrum)

3127 tilt Zol| WZ spectral power| HCH gt
(absolute value)2| s}

LJARAEN A3} ok Al ~HAEZH ] HF power
£ A ZHHDT, HUT ¥ SUP) Tr*ﬂ Aol 7h et
UA itk (p > .05). 28U &% F Rec2 QE7
10~20min)ollA A 7+ A< 7(}"]7} VeSS
HDT7F HUTe W&l frelab #& ah Uehlisd B}p
(.05). T3 MBS TN AT 3 5A1 77 ol
wet Jek 7F feofek e AeEt(p (.05, F=2.432)7F
UebsttFig. 2).

%  Repeated measured ANOVA
Interaction
Source
1200 Nor Time 000
2 Group

228
Time » Grou 036"

Rest Exl Ex2 Recl Rec2

~0-SUP ~# HUT ——HDT

Time(min)

Fig. 2. Change of HF power on each posture

Sup, supine: HUT, +15°head-up tilt: HDT, -15°head-down
tilt: Rest, resting state: Ex1, 0~10min of exercise:
Ex2, 10~20min of exercise; Recl, post-exercise at
0~10min: Rec2, post-exercise at 10~20min

*p (.05, significant difference by one-way ANOVA: 'p
( .05, significant difference between HDT and HUT by
Bonferroni post-hoc test: **p { .05, significant interaction

3l57] tilt 2ol mZ spectral power?| HIE

(ratio) zte| wis}

SNS #43}& ¥ els LE/HF ratiots 49E4
A A3, g Al ek ZHHDT, HUT 9 SUP) B4

A9 Aol 7k A F9eH(p ) .05). 22y +F §
3]87] 2E F7HRecl 2 Rec2)olA Fek 1t BAH
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e etk (p € 05).
CES ERT R e ERE R
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Repeated measured ANOVA
o Interaction
Source »
Time 000"
Group 426

[ Time * Group 001
|

Not
significant

LF/HF ratio

Rest Ex1 E Recl Rec2
Time(min)

Fig. 3. Change of LF/HF ratio on each posture

Sup, supine: HUT, +15°head-up tilt: HDT, -15°head-down
tilt: Rest, resting state: Ex1, 0~10min of exercise:
Ex2, 10~20min of exercise; Recl, post-exercise at
0~10min: Rec2, post-exercise at 10~20min

*p (.05, significant difference by one-way ANOVA: ' p
{ .05, significant difference between HDT and HUT by
Bonferroni post-hoc test: **p < .05, significant interaction

Repeated measured ANOVA
Interaction
Source »
Time 000

HF/TP ratio

Rest Ext B2 Rect Rec2

Time(min) .0-SUP - HUT —4—HDT

Fig. 4. Change of HF/TP ratio on each posture

Sup, supine: HUT, +15°head-up tilt: HDT, -15°head-down
tilt: Rest, resting state: Ex1, 0~10min of exercise:
Ex2, 10~20min of exercise: Recl, post-exercise at
0~10min: Rec2, post-exercise at 10~20min

*p { .05, significant difference by one-way ANOVA: T
( .05, significant difference between HDT and HUT by
Bonferroni post-hoc test: **p { .05, significant interaction



The Effect of Tilt Angle on Autonomic Nerve Modulation during Post-exercise in Healthy Men 475

A J3h= HF/TP ratio & 3
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ZFo] 7} UrEW_H% HDT7} HUT®ll
Hlgl] BAA o i—:—%—a— & YR dtH(p € .05). 18
U 3| EA 7 el weh Jo 7 foje Beg e
(p) .05, F = 4.216)= UehHA] &Skth(Fig. 4).

3l=7| tilt Zbof| 2 spectral power2| H+ts}
Zt(normalized unit) 2| s}

AYPBEAEN Al A& PNS S48 &52 uke]
st HF nue Hg Al Je 2 123 2ko] 7k et
&sktk(p > .05). 22 &5 § 357 BE 77
(Recl ¥ Rec2)dl4 H& ZHHDT, HUT ¥ SUP)
AR x}om Uebstem HDT7F HUTe Hl8) <]
= YA (p € .05).
%%7@‘:”‘“5“ A3, 3| EAI A mpe}

3 F524a9(p (.05 F = 4.308)7}

Repeated measured ANOVA
Ferac

Source »
Time 000"

o7 Not Group 426

significant + i Time * Group 001"

Normalized HF (n.u.)

Rest Exl Exz Recl Rec2

Time(min) ~0-SUP —#-HUT —4HDT

Fig. 5. Change of HF nu on each posture

Sup, supine: HUT, +15°head-up tilt: HDT, -15°head-down
tilt: Rest, resting state: Ex1, 0~10min of exercise:
Ex2, 10~20min of exercise; Recl, post-exercise at
0~10min: Rec2, post-exercise at 10~20min

*p { .05, significant difference by one-way ANOVA; Tp
( .05, significant difference between HDT and HUT by
Bonferroni post-hoc test: **p { .05, significant interaction

W SNSe| A g s FA @ﬁﬁ}
A4=0] LF nue oM Al 2 &5 A F

o7} el &skek(p (.05). 2y

BE P AE T 4@ Aozl vebten, HDTZ}
HUTe] vl folahA e 3h& deplAch(p (.05).
Eo MRS AR A9 S Bz Al ma) o
R AaA8EH (p (.05, F = 4.308)7F Vet
wKFig. 6)

Normalized LF (n.u.)

Rest Exl B2 Recl Rec?

~0-SUP - HUT ——HDT

Time(min)

Fig. 6. Change of LF nu on each posture

Sup, supine: HUT, +15°head-up tilt: HDT, -15°head-down
tilt: Rest, resting state: Ex1, 0~10min of exercise:
Ex2, 10~20min of exercise: Recl, post-exercise at
0~10min: Rec2, post-exercise at 10~20min

p € .05, significant difference by one-way ANOVA; Tp
( .05, significant difference between HDT and HUT by
Bonferroni post-hoc test; **p ( .05, significant interaction

' o

A o] WE 7|84 2EHAE AA ANS 227 2
A #Agt, B Aye 59 tilt 2 AH )
&9 o]gt& 7129 HDT A7} obg A] Auke 7HA
L A Eg St 71 dths B4, A
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= HF/TP ratio= HUTY H]3|
HDToﬂ 9]6}711 P%é}t Aog Yyt 33
ANS 78 -4 SNS A4 &5 ¥kdst= LF
nue HUTY| Hls| HDTA felatAl 7hastad ot
PNS9 $412 %<& wedatE HF nue HUTA H|
8l HDT HAolA 23t 7 Ao Yepyt
AA HDT HA= 71974 2Ed 2oA B = 4
THe ks A= BA l oA AU RES &

A e s 9
b

QL‘r,a

Fll‘ E&‘i

(e} H
pressure)®] W3} §lo ] NS i?—iﬁ 3’4
%_7] oﬂ E‘J/] Oﬂtﬂzg 4
ATHFu et al., 2000: Mclnnis et al., 2006) o
gt A et MAY S| it HDT Axe &5 &
k3| 5o 2H A0l kS nAt} AA 1UE &
2% ¥ 3187] -15°HDT X9 URS HAE ¥
4% Mclnnis et al.(2006)¢] ATelA &
URSell H2l-15°HDT AAelA Auts] 58] 9|3
A2E e tHp ( .05). 23y & AFeM e 7
session 7t tilt Zte]l wE Auts|REo] fogh 2jo] 7}
UehdA] gttt ole #5492 HDT AA Al tilt
Zto] W& Z}"]i MET FAACoR E A3 AF
J@grt &5 Aol gle 2EAE W= 40%
VOonax® T4E FAEEES 73 vhd Ao
8% 15% VOoma® LB E AR ES T899
53] tilt ZhellA APAT9 25 90°9F -15°ilt A A
= o2 tiltzte] Aolzk 2 W 2 A7l A vlu
o 7F HDT Axe] A#4 {71 918) 0°, +15° 2

<
]

(T ST O P

ll‘

ol-ﬂr

-15°% tilt Z}9] zfolE HAstetint.
#3500, +15° % -15°
tilt 2 A= HRVE] AZtd S £A4 04 #2Jgh Apo]
£ UehllA] etk AA A B S dideR 17E
FA 5285 (supramaximal intermittent exercise)
T AASE 3157 417 PNS A28t nlA] e o
&S ZA13E Buchheit et al.(2009)2] A7 HRV
ARt XA n|FNAREYsE Tdste
rMSSD7} upright standing & sittingel ®]& AtH
Ao AW} vlglo Zto] B supined A o5t
S7FhE Bustdth xR & AT E Azt

U FAE FULLE 5

2 Tl

>~ ;1111 —{Ol‘

o,

HUToﬂ H] oH
e Yo o3 Aol 7t gtk (p ) .05).
HRVY] At A= A449 r1 interval & o83
e AMOR AHEE] ANS Y 2dE X3 2
T PNS Al@AsE Ah4 oz AAleh= b aA7F et
g9 HRVE ~FEJEAN 2 A4 ANS9| wit-n|
WAAE 71 G902 digste A X2 gElA 9)
. 23 Buchheit et al.(2009)¢] Ao 7=
&wE AF HRV 248 ¢33 2oA ~9E
ol o8k ANS 349 glo] Aletd S 7t B
ATk AAl 70% VOoms Z23steE 174
ANS BUEH Al &2 93] YEhte F3
o_'ﬂg Eo]/\ioi )3 7143}}4 t‘/\qo] 57]"“0}‘:}
(Perini & Veicsteinas, 2003). wahr E Aol A

rl

>

{0

l-ﬂ

[e]
e

-h_lﬁ\:luﬁ‘i:[o_\l—w
—101A°A
loh‘l

=

= a% 9% & ~dE At A34S ndst
o] EPE GALSES Syslgon] $E 2T 9 &
T ¥ 387 208 B tilt 2 W ANS 79 35
% PNS A2gse Ao oz grlsisnt.

24 Montano et al.(1994)¢] AFellA kg Al
0~90°9] HAAQ tilt 2+¢] F7tel| wheb mzk-n] 8
H29] HF powere M} 7449 o, SNS 43}
A1 #8 LF/HF ratioe sl S7Fs Wil
o E3 S8 o2 PNS 8438 uhdsl= HF nu
QA tilt 2] STl wet 2 F£AE YEh = v
SNS 24ste] A& Ul LF nue & A5
Uebith 2oz kg Al B 3% fritads &
57 tilt 49 A2 5 7198 2Ed 29 vt
ANS B zo] = &S URS(90°ilt) <} supine
(0°tilt) el Al ¥l 7}et Takahashi et al.(2000)<]
AT1+E obg Al PNS &4 #1421 HF power”’} URS®]

3] supinell Al 284 S71sH(p € .001) = YERA
v °EZZH % 3|87l = HF power’l 3538t

l‘

t Ag golgll S W vn g fo3t 4017}
1SS Hysyith =3 Mclnnis et al. (2006)9] &
FlME 1A= FA2EE F URSY -15°HDTAHA|

oA ANS #14< vlaet 23, HF power’t URSe]
18] ~15°HDT HAX|o)| A 523 2|7} VEptS e
ofg}t, ZHA 0% PNS 243 whdst= HF nu %
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= UeEhdlen, qxdog SNS E43ts wrdste
LF/HF ratio® 8 %2 & vepylct, #t
oflzt &% & HDT A= HUT Aol B8] w7t
n] e ol SNSe| A4 EES ¥Hdst= LF nu
o wE 7HAel A PNSY A4 e wtdde
HF nudl A1&3 S7P7F #2EQn. 23402 tilt
Zo w2 Aukg| BEol= 544 £ Aol7t §I%ls

[e)

A= Bt ~2HEHTMA PNS9 SNS &3}
& Hdte AREAA g AtolE YEll= AL
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