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Heart rate variability (HRV) tumipuiunlsvesdnsinis
wuvesilafigniunlfussifiuussansamnsihauvesila
wagn1snensallsn N15RI9 HRY Seanunsatanusadiunnieg
ANFINNUVBITEUUUSEEMEIALLLR (autonomic nervous system)
Tufthelsamessuudssam sailsemadudnng n1smen
HRV vilagnstiufinadulitiidle 24 $3lus TngldiaTes Holter
Fsfinmge Glidessinnuianudugions Yagiuausain
HRV Tnenisldunfinidesiefifudmanaminaiesaniien (Chest
strap) LLé’aﬁﬁa;ﬂaﬁlUé’mauﬁama%ﬁuﬁﬂnmiﬁmev‘i HRV
Fatun@mlidn HRY 16 Wy wiiin Polar u $810 wde fu
RS800CX uagltlusunsu Polar Pro Trainer 5 Tun1simsient
Foya Fenrallgannin wiin polar 1§FunsiTemeay
Wissnsaudr® ansnsathanldmen HRY 16 deya HRV #ldan
mstadeist  annsaluldfunemansnstiitenna
wardsziliunsindonvesinimld  wardauihunldlunvmans
Wyu'yjLﬁaﬂsuﬁumamiﬂi‘vTNmmaqawwszamﬁmiuﬁﬁ uay

nseenidanMeiunaussannvesteld
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RR1 RR2 RR3

AuRuLUITRIRTINSIRuTeslaTalaainaudunys
vesnaszmiiiladuusiazads (variation in the beat to beat
interval) #3o¥nnAUAULUSTEY QRS complex w81 AAU
Tiila TnemunuaudulysInssegnaszniig R wave
voansiduitlausiarads (R interval) (U7l 1)

msfuslsrednsmasiuresidle  luusingmsaims
#3561 Tae SA node Fvadredomenisduvesidle Wiy ns
nszduaniladesng 9 Felladovdniidma e 1. svuuUszam
SluiA lown syuuUsyamBunisin (sympathetic) waz s¥UU
Uz Bunshin (parasympathetic) 2. ssuunmgla wag
FadsnarioszuuUsyam parasympathetic Tng HRV Izt
dlemeladnas wenanidaditadesugldun baroreflex, ther-
moregulation, 885U, YINAINITUBUNGY, N150DNMANGINTY
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Figure 1. Electrocardiogram shows variation in sequential time of RR interval
Modifiled from: Makivi¢ B, Niki¢ Djordjevi¢ M, Willis MS. Heart rate variability (HRV) as a tool for diagnostic and monitoring performance in sport

and physical activities. J Exerc Physiol online 2013;16:100-9.
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1. Time-domain methods n15AlAsEYivayaves nor-
mal RR interval %38 NN interval (normal-to-normal inter-
beat interval) Tnenuzdil physical activity Lﬁumﬂ%{u RR in-
terval asdu fguilidesEsunlas Feisventemsiiunis
YN9UVBITETUUUSZAM sympathetic LAZANAIYDINITVINNY
Y9952 UUUsTAM parasympathetic”

MTWATIZAMIE Time-domain methods azlaA69 9
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FaarUsuennnzues szuuUsTamsaLR Asing o Aildannis
Tnswndeya laun
1.1 SDNN (standard deviation of all normal to normal
R-R (NN) intervals) fie A1 standard deviation &4 NN intervals
Inaguuanmsinsasnsduvesiilanass 24 Falu
1.2 SDANN (standard deviation of 5-minute average
NN intervals) fie n1swAn standard deviation vesAaAeves
NN intervals %) 5 ufi FreanauRanainandanaudu q
anasla
1.3 ASDNN (the average of the 5-minute standard
deviations of NN intervals) fi® AMIMALAALYeY standard de-
viation 98¢ NN intervals n 5 w1# (SDANN) AuiuaInn1sin
el 24 Flua
1.4 RMSSD (square root of the mean of the squares
of successive NN interval differences) Aiaan root VIR LRy
YoIAALLANGIIYBY NN intervals Tioginfusnidaaes
1.5 NN50 (the number of NN intervals differing by
>50 ms) Al $1IugYes NN intervals fishafusnnndi 50 fad
gl
1.6 pNN50 (the proportion of NN intervals difference
>50 ms) fig dndiuved NN50 13678 917UgYas NN intervals
Waviain
H19819n15A11I0s SDNN Wwaw RMSSD dadusildives
auiindmanmaduiila 10 afh Taen RRI 9 10
Wiy
0.857, 0.923, 0.857, 0.769, 0.923, 0.800, 0.857, 0.882,
0.750, 0.800 w9
#1 SDNN 489 RR interval 10 A% Wiy standard devia-
tion w83 RR interval 10 A AMAIY 1000 \iouvambendu
faddunit fofusuaadlden SONN Wiy 60.30 faddunil
A1 RMSSD 98¢ RR interval 10 A% mildannnasiuvese

' 1l

AULANANYDY RR interval WiazdienindaaedLds Mg

a

UV heart beat-1 lafuadey udd non square root AN
#1000 iewdavihewdu faddundt wihiu 94.86 fiaddundi

Tun1sUszidiu Time domain analysis finldA1 SDNN Lag
RMSSD Liusunuuend HRV 8¢ SDNN a1 axdl A1 RMSSD
war A1 HRV Asndne azuansienafinmemunduleiidma
foszuUUszamsalui® Aidnsnsedu ssuulstam sympa-
thetic mmsﬁyu
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2. Frequency-domain methods n153tAs1E1 Frequen-
cy-domain  fleuAlATIERRe3S  Power spectral density %
funsna Total power Wudrasmiina1n power spec-
trum vesmsiutladiAnenuadus 0 §1 0.4 Hz eazdsuen
famshnuwesszuuUszamsludi n1suUinudvesniswu
#la uvadu 4 429 ldun 1. High frequency (HF) (0.15 to 0.4
Hz) 2. Low frequency (LF) (0.04 to 0.15 Hz) 3. Very low fre-
quency (VLF) (0.0033 to 0.04 Hz) 4. Ultra low frequency
(ULF) (< 0.003) mfjm‘mﬁ@ﬂméfuﬁumﬁ’ﬂﬂdwaaﬂumm5631':1@
In wasihdeyauuvana®

High frequency activity (0.15-0.40 Hz) dlefinsifiniy 9z
wansdamsLiuTuTes parasympathetic activity wazduusiu
ssuumsnele  Teedududlemdladuazanaaiiomelasen
Tnensmeladnaziiiu vagal activity 38 parasympathetic
activity waznsmelasenazan vagal activity 739 parasympa-
thetic activity oty high frequency activity 9gUIUaNHNIZAU
U4 parasympathetic activity

Low frequency activity (0.04-0.15 Hz) Tneihluazuan
fanswAsuuUasmes sympathetic activity aghslsfma fins
Anwnuin mswasuulasmes low frequency activity tJuna
annsasuudasmes sympathetic wWag parasympathe-
tic activity

mssenfdamefunnediisedu  sympathetic  activity
Lﬁmgﬁu Vil 41 low frequency spectrum gan1nnaeiin (3U
2a) uiiag Tandeniseanidanie 20 wiindadl low frequency
g90¢” (3U 2b)

Low frequency/High frequency ratio (LF/HF) Wansds
ANUANARETENIN sympathetic Way parasympathetic €1 LF/
HF $iAnga wanan i sympathetic activity Lﬁmq\i‘%{u i
LF/HF ﬁﬁ’w‘i’ﬂ WARIN IS parasympathetic activity Lﬁugdﬂﬁu

Very low frequency (0.0033 to 0.04 Hz) uag Ultra low
frequency (< 0.003) 9xUauUaNEeNIS¥aLVEY sympathetic 3
duWusiu physical activity, sleep disorder, activity of renin-
aldosterone system, thermoregulation W&z vasomotor ac-
tivity” A1 Very low frequency tag Ultra-low frequency 43l
nsAnwldunntdn dsliresthunldiuanauin

3. Geometric measures of RR interval lagn1studin
maiduesiidle 24 dalus thieyauinsiesina adransm His-
togram wnu X 10U RR interval wnu Y 1Ju Sruauveansidy
yoeila® nymiteenunldasdugUanumien d1e1 HRV s g1u
AUVRELATLAY amm%ngq A1 HRV g9 gmamm?ﬁm
9znTe EUWEBLATIE WenanEdeEInsafuILMA Heart
rate variability triangular index @saduiusiuan SDNN

4. Nonlinear measures of RR interval §353.A51%%
wanewuulakn Poincare Plot, Detrended fluctuation analysis

uaz Power law slope uiisnilesldunfianfie Poincare Plot
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a. Before exercise

b. After exercise

Power spectral density (ms?/Hz)

Frequency (Hz)

Episode

RR interval (ms)

Poincare Plot Wums plot A5l yAnudusius lnediunu
x 10U RR interval wag wnu Y 194 RR interval dald n1snszane
feInT M 8193z UIUINtNNMzRnUnAveIT1INELA

MTUATIEAULUY  Poincare plot  Ssanunsathunlalunis
Uszifiunaz overtraining Tutinfiwilagazden SD1 waz SD2 an
a9® faguii 4 (b)

foeen1sUTEidu Heart rate variability Tuonanadas

5197 1 YA Heart rate variability luauun@ 910w

RR n+1(s)

RR n(s)

Figure 2. Power spectral density analysis of heart rate variability before and
after exercise (a. at rest before exercise b. after exercise 20 minutes)

Modified from: Makivi¢ B, Niki¢ Djordjevi¢ M, Willis MS. Heart rate variability (HRV)
as a tool for diagnostic and monitoring performance in sport and physical activities.
J Exerc Physiol online 2013;16:100-9.

Figure 3. Histogram of RR intervals, X-axis: RR interval, Y-axis: number of
heart rate

Modified from: Task Force of the European Society of Cardiology. Heart rate
variability, standards of measurement, physiological interpretation, and clinical
use. Circulation 1996;93:1043-1065

Polar RS800CX uazld TUsunsu Protrainer 5 3iATzving g
Wud Yugeeniaaneil sympathetic gandn vuwiin aeien
RMSSD weend1 SD1/SD2 Wesni1 LF/HF gandn

57971 2 ¥ Heart rate variability luauld quadriplegia Tu
Yuzitn Wowdeuifisuiuauund avwuih Tuauld quadriplegia
il sympathetic gend1 auund laeid1 RMSSD tleendn SD1/
SD2 weend1 LF/HF ganin

RR n+1(s)
(%)
=
T

RR n(s)

Figure 4. Poincare plot of RR intervals, X-axis: RR intervals, Y-axis: RR interval (n+1) (a: non-overtrained condition, b: overtrained condition)

Modified from: Makivi¢ B, Niki¢ Djordjevi¢ M, Willis MS. Heart rate variability (HRV) as a tool for diagnostic and monitoring performance in sport and physical activities.

J Exerc Physiol online 2013;16:100-9.
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Table 1. Heart rate variability of normal persons at rest and during exercise

At rest

Duration 0:30:15  min

Average heart rate 73 bpm
Number of heart beats 2210 beats
Minimum R-R interval 611 ms (98 bpm)
Average R-R interval 822 ms (73 bpm)
Maximum R-R interval 904 ms (66 bpm)
SD1 12.1 ms

SD2 435 ms

RMSSD 17.1 ms

pNN50 0.1 %

Total power (0.003 - 0.400 Hz) 1182.39 ms?

VLF (0.003 - 0.040 Hz) 91182  ms?(77.1 %)
LF (0.040 - 0.150 Hz) 13245  ms?(11.2 %)
HF (0.150 - 0.400 Hz) 138.12  ms?(11.7 %)
LF/HF ratio 95.9 %

During exercise

Duration 0:30:08 min

Average heart rate 120 bpm

Number of heart beats 3620 beats
Minimum R-R interval 426 ms (141 bpm)
Average R-R interval 500 ms (120 bpm)
Maximum R-R interval 870 ms (69 bpm)
SD1 7.0 ms

SD2 59.8 ms

RMSSD 9.9 ms

pNN50 0.1 %

Total power (0.003 - 0.400 Hz) 139.47  ms?

VLF (0.003 - 0.040 Hz) 96.36 ms? (69.1 %)

LF (0.040 - 0.150 Hz) 2688 ms?(19.3 %)
HF (0.150 - 0.400 Hz) 1624 ms?(11.6 %)
LF/HF ratio 1655 %

Table 2. Heart rate variability of quadriplegic persons at rest

Quadriplegia at rest

Duration 0:25:03

Average heart rate 81 bpm
Number of heart beats 2027 beats
Minimum R-R interval 639 ms (94 bpm)
Average R-R interval 742 ms (81 bpm)
Maximum R-R interval 829 ms (72 bpm)
SD1 7.9 ms

SD2 427 ms

RMSSD 1.2 ms

pNN50 0.1 %

Total power (0.003 - 0.400 Hz) 785.72  ms?

VLF (0.003 - 0.040 Hz) 589.20  ms?(75.0 %)
LF (0.040 - 0.150 Hz) 160.86  ms?(20.5 %)
HF (0.150 - 0.400 Hz) 3566  ms?(4.5%)
LF/HF ratio 4512 %

n15Uszandld Heart rate variability Tunneaadin

Heart rate variability gnldunUssidiunisiauvesidle
M3ANEINUIN HRV ausaldnennsaldnsinisnie naanniina
myocardial infarction I8 wui1 ﬁﬂ?ﬁﬁﬁﬁ’l SDNN < 50 #iad
gl ﬁ]zﬁ5mwmsmsmﬂﬂdwp§ﬂwﬁﬁm SDNN > 50 fadiundl
Inwiien relative risk Wiy 2.8 (sensitivity iU 33.9% speci-
ficity WinAU 88.0% positive predictive accuracy winfiu 34.4%
False negative rate Wity 12.3%)°  warBnviadanuin fuae
i ultra-low frequency power fishazduiususnsnisnedi
Qﬁﬂ’h very low frequency, low frequency ag high frequen-

(100 & a

cy 791" fin1sANEINUIINITANAIVDY heart rate variability

AMUANNUSAU cardiac sudden death n1sAnw1ues Bigger Waz
Az (1992 ) AATEY frequency domain Wuin very low fre-
quency fipnuduiusiu cardiac sudden death wagauidea
g0 fatal arrhythmia mﬂﬁ?jm“m

fimsfinwmudn HRY difusiu VO max™ eglsfinu

WoNN HRV tag VO max a2 8331 physiological parameters

audnvanes Tun1suseliumnudeess cardiac event Wy

2 Feldnunsdnwile ven

blood pressure, abnormal ECG'
1 parameter falwu sensitive Tign Tunmsusziiiuaudessieo
cardiac event

Heart rate variability Qﬂﬁmﬂ‘iﬂumiﬂsmﬁu autonomic
function Tugftheuwmu wuindimsanaswes HRV ¥ time
domain Wag frequency domain'? Wi HRV anunsaldifu
diagnostic tool 1A WU n1sANW systematic review WU
HRV 93¢73fiady cardiac autonomic neuropathy lufUaglsa
WU 1AESIUTINAINASANINAIBAISANYY A1 HRV 1w
Paelumsidade den cut off point Aeiu laun A1 SDANN
Winiiu 30 fladiundl, SD1/SD2 wiriu 0.26 WU sensitivity 8¢
g9 72-100% wae specificity ag/luyae 71-97%""

Tufeuaiuludunds axfinisanasves low frequency
power Wa high frequency power Uil LH/HF gandiauuna'
wmsﬁﬁmsamawaﬂﬁzﬂ sympathetic ke parasympathetic
activity TugUrsuiaduludunds wiiilewieudndin wui sym-
pathetic activity i parasympathetic activity geniiauund

mM3wAsuuUawes Heart rate variability Sauduiiudsu
AMeARla WU anxiety s depression AMzdnlaninanay
fnareszuulszamonluda 9zin1iz sympathetic activity
1NNIUNGR daliiin1smTIANUANAIBY heart rate variabil-
ity(16,17)
nM5UsELU Heart rate variability @snsadanlduselews
Useflunmseanmdmenaznistiuils  fnsdnwvmuindlowia
ANNTINTBINITRBNAIRINTY (intensity of exercise) Azdin1g
Wil sympathetic activity efinisin HRV wudn fid LF/HF
Windu® wardnhuldussiunmseenidseitnfuniinsiin
ninunAuly (overtraining) wuan Tuszezusnuasosniidaniy

LATIINY sympathetic activity AALIU®
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