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Abstract

The Effects of Paced Breathing in Specific Respiration Rate on
Heart Rate Variability : A Pilot Study

Ji-Hwan Kim", Byoung-Soo Kim®, Seong-Sik Park’, Yong-Jae Lee’, Na-Rae Keum', Hyo-Sang Bae'
*Research Institute of Korean Medicine in College of Korean Medicine Dongguk University

" Department of Sasang Constitutional Medicine, Dongguk University

Objectives
We observed what effects of Paced Breathing(PB) in specific respiration rate have on heart rate variability (HRV)
according to Sasang Constitution.

Methods

HRV of 72 healthy participants in sitting position was recorded while they carried out usual breathing, 0.2Hz,
0.1Hz, and 0.05Hz PB each 5 minutes in consecutive order. Five minute of relaxation was permitted between
each breathing. Finally, HRV indices were statictically analyzed of 32 participants (SOEUM: 11, SOYANG: 10,
TAEEUM: 11) after data out of accord with respiration rate or outliers were excluded.

Results and Conclusions

According to respiration rates, there was no statistical significance of HRV among Sasang Constitution. Regardless
of Sasang Constituion, 0.2Hz PB increased mean heart rate and decreased natural logarithmic low frequency(InLF)
oscillation of HRV without the change of natural logarithmic high frequency(InHF), while 0.1Hz PB increased
InLF and standard deviation of N-N interval(SDNN), and slightly decreased InHF without the change of mean
heart rate. 0.05 Hz PB also showed the same effect as 0.1Hz PB, but was impracticable.
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72 participants evaluated
137 men & 35 women
- SOEUM 29, SOYANG 21, TAEEUM 22

1 dropout
: 1 woman - TAEEUM

28 participants out of accord with Rr.
—>{: 16 men & 12 women
- SOEUM 11, SOYANG 10, TAEEUM 7

43 participants in accord with Rr.
121 men & 22 women
- SOEUM 18, SOYANG 11, TAEEUM 14

11 outliers in HRV
—=| : 5 men & 6 women
- SOEUM7, SOYANG 1, TAEEUM 3

32 participants analyzed
: 16 men & 16 women
- SOEUM 11, SOYANG 10, TAEEUM 11

Thirty seven men and 35 women were recruited. One woman
dropped out due to the error of HRV-measuring device, and 28
participnats(16 men and 12 women) were excluded because of
keeping specific respiration rate given in study. After 11 outliers
was excluded, total 32 partcipants(16 men and 16 women; SOEUM
11, SOYANG 10, TAEEUM 11)were statistically analyzed.

Figure 1. Participants’ flow
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After 5 minutes relax, all participants performed usual breathing with sitting position, and then, they did
0.2Hz, 0.1Hz, and 0.05Hz paced breathing(PB) each 5 minutes in consecutive order. Five minute of relaxation

was permitted between each breathing.

Figure 2. Protocol for the assessment of the effects of respiration rate on Heart rate variability

according to Sasang Constitution
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Table 1. Heart Rate, and Heart Rate Variability of Sasang Constitution according to Respiration Rate (N=32; SOEUM 11,

SOYANG 10, TAEEUM 11).

Paced breathing

Paced breathing

Paced breathing

Breathing Usual Breathing (0.2Hy) 0.1Hz) (0.05Hy)
SOEUM 13.45+3.79 12.13+0.23 6.12+0.26 3.27:0.36
Mean Respiration SOYANG 14.39+2.94 12.06:0.28 6.10:0.14 3.12:0.17
(breathjzjmes) TAEEUM 12.03:2.85 12.01:0.39 6.06:0.15 3.23:0.26
Total 13.26+3.29° 12.070.30° 6.09:0.19" 3.21:0.27°
SOEUM 74.70+10.80 76.49+9.53 76.25+14.03 72.20:8.21
Mean Heart rate SOYANG 76.39+8.32 79.82+8.02 76.48+7.46 75.58+7.73
(beats/minutes) TAEEUM 78.94:10.80 81.00+12.19 78.0810.59 76.31:10.63
Total 76.69+9.93" 79.08+9.99° 76.95:10.79" 74.67+8.88"
SOEUM 4.82+1.91 5.66+5.37 13.35+23.9 7.36:1.96
Standard deviation SOYANG 11.47:17.91 6.82+3.82 7.5124.00 6.72:1.74
of Heart rate
(beats/minuces) TAEEUM 22.67+44.72 426+1.15 11.93+18.38 7.90+2.33
Total 13.03+28.23 5.54:3.89 11.04x17.43 7.35+2.03
SOEUM 821.69+111.81 798.97+93.03 853.90+100.87 851.42:103.75
Mean R-R SOYANG 813.88:105.19 762.82:74.25 798.78+75.18 808.61:82.93
(ms) TAEEUM 787.48+117.12 759.28:118.67 790.20£106.85 810.13+120.70
Total 807.49+109.07° 774.03+96.30° 814.78+97.19" 823.85:102.86"
SOEUM 55.34+29.73 49.19+25.55 86.28+43.97 92.46+53.49
SDNN SOYANG 106.14+110.57 53.47£19.95 75.59+37.32 75.27+29.86
(mms) TAEEUM 52.98+18.15 43.14£19.77 75.68+26.37 85.32:39.30
Total 70.41+67.39* 48452169 79.30+35.76" 84.64+41.60°
SOEUM 35.73+27.43 31.72+25.22 49.13+32.25 38.97+25.79
RMSSD SOYANG 48.14:34.66 36.16+21.80 44.30+25.35 26.29:12.82
(ms) TAEEUM 432242598 28.61+16.87 51.69+37.73 46.10+41.22
Total 42.18:28.91" 32.04+21.09* 48.50+31.48° 37.46+29.63*
SOEUM 6.35+1.45 5.46:1.26 7.90+1.00 8.07+1.15
InLF SOYANG 6.30+1.18 5.50+0.92 7.89+0.99 8.22:1.12
(ms?) TAEEUM 6.42+0.73 5.67+0.95 7.95+0.76 8.16£1.22
Total 636+1.12° 5.54+1.03° 7.92::0.89° 8.15:1.13"
SOEUM 5.37£1.70 5.68+1.46 5.3421.12 5.29:1.49
InHF SOYANG 5.91+1.06 6.29+1.22 5.50+1.34 4.81+0.87
(ms?) TAEEUM 6.48+1.65 5.93+1.27 5.23:1.08 5.58+1.42
Total 5.92:1.53* 5.95+1.31 5.35+1.14" 5.24+1.30"

HR: Heart rate, RR: Intervals between R-R waves in electrocardiogram, SDNN: Standard deviation of N-N(Consecutive normal sinus intervals)
intervals, RMSSD: Root-mean square differences of successive R-R intervals, InLF: Natural logarithmic low frequency(0.05~0.15Hz) of Heart
rate variability, InHF: Natural logarithmic high frequency(0.15~0.5Hz) of Heart rate variability.

Cells with superscript ‘@’ have lesser values than cells marked with superscript ‘b’, and ‘b does ‘c’.
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a) Respiration rate: Respiration rate of paced breathing with 6 b) Mean heart rate: Mean heart rate of PB12 was statistically higher
breaths/minutes(PB6) was significantly lower than usual breathing(UB) than UB and PB3. However there was no statistical significance
and paced breathing with 12 breaths/minutes(PB12) (p<0.05). between PB12 and PB6 in mean heart rate.

Respiration rate of paced breahting with 3 breaths/minutes(PB3)
was also significantly lower than PB6 (p<0.05).

Figure 3. Respiration rate and mean heart rate of Sasang Consitution according to respiration rate
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a) SDNN: SDNN of paced breathing with 6 and 3 breaths/minutes (PB6 and PB3)
were significantly higher than paced breathing with 12 breaths/minutes(PB12)
(p<0.05). However, there was no statistical significance between PB6 and PB3, or
usual breathing (UB) and others in SDNN.

——SOEUM
- &-SOYANG
-m- TAEEUM

InLF (ms?) w
Sk M W R U a N ® oo

UB PB12 PB6 PB3

b) InLF: InLF of PB6 and PB3 were significantly higher than UB
and PBI2 (p<0.05). However, there was no statistical
significance between PB6 and PB3.
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o) InHF: InHF of PB12 was statistically higher than PB6 or PB3)
(p<0.05). However, there was no statistical significance between
PB6 and PB3, or UB and others in InHF.

Figure 4. Standard deviation of N-N(SDNN), natural logarithmic low frequency(InLF), and natural logarithmic high
frequency(InHF) of Sasang Consitution according to respiration rate

AQL BHEeT e 2EH AR 49 AR

f

12

A=
[e]

ok

BEgr| 7k 29 63 S5 &
| vlsi A ¢ RR%E, SDNN, RMSSD, LF

st HFE 743kl Harildee A9 Wsht gle
FEE FAE AT RY}F 7HE 9] ZFAUAE
UrE} © SDNN®| 57z Aldhe] 2] 715 AlXb
AA|Z 2] Aol A3} Alehie) e ¢ 2%
A 17} BAIA SR AA3] felsk TTkeke As
B ok 3 63 S50l AT 01S] Y9

LF(0.05~0.15Hz)2] Yol &elHE HA HFY Yol

r1r ofl
i\

[}

rir

_OL
i
>,

=

A o] FAXE T F-FA G HRSA)C] T LFY
ool A dojupA HEg, ?;HJM] «ld LFy el ¥
shol RSAF o] M= 4T Hhol S Qo
7IHA LE7} dA 3] 7}0} l %JE} =, oluf HFe
A Fu A Astele= *OJ& ] glom, At
o9 F7FEATHE A2 Fatal7ge] w77t =
A7} LFG ol A EistA aﬁﬂkkﬁ‘ﬁ A
il & 4 Qlth o] S Bl SFe] 44
7o) Axz s

T %74]*425-; 2 st glonz A

7o) 2

[e2

-

R 2 =

5

A

L)
OIN 1%
ofr

lo

ol

NChis
s

=

s
ol o>

_‘
FZ
o
m
_O.
o|N
=
e
Sl
i
o
3
p
Sl
o
[



130 The Effects of Paced Breathing in Specific Respiration Rate on Heart Rate Variability : A Pilot Study

Ik 2, RPN £ WA Ao W
o= Z7NSPI HAR YAl B BEREE
Wl QIR AR Helt o) FFo] LEHs
% %2 U4 W Ago] A chg R 71e
Ral7h 328 Yot A4S SeshA B2 ohy
ggee] S0 Waks glo] Agae Fiuv)
mEoltt”, TeBE 9 128 5F Aol AL
EFE S BAle] Mals glo] Aol 2
7behe A% wolll Bk
238 5F Aol 29 68 55 vl

o
2| =t Song®] A E? B
s

N
o
fol
E[O{l
e
Auj
f
ol 2

43] TFoM Hhe] Aupol
€ Holl HAL v £ 33 aFlME s
7A%e Btk &, £ 6319} 33] 55 el FA1A
Ql zpel= EolEA| At Vaschillow ©1AH 9 33]
ol FREEYe] AaHE A Autare] Hster &
el st ME g E7] el AT 1
Hug 29 AplHe 019} AL Al £

[N

B
e
M

ofl

offt

2

N

©

)
o
o
%
rot
FO{I
ﬁd
e
3
i
N
Lu

o
ol
}
r
r‘E, FZ rlr

o
AzHATE SHARE M AF Rl *‘X%l ‘ﬂﬂaﬂA
SES Wake 2 A @, oAy 1Y 554
Ashz 2l disl APIAIE R A9 ol
= A HER 29 68 52 sk el Kot
HA4AQ Zo AzbEr

Fele) AP AT 7 APIAIREE BT A
The W& At of ™ o] wlo]l APAIE =
5ol meh BAHLR feld Zol7h v
82 AL TR Stk AT S sl ti@
7129 A8 A 107 ele] AL FRFE o]
Aeom 1 Avke AiH o 929 el fAH)
AT,

VRS

1 B4 3%, 29 128, 63, 33] BA| TS Al A8t

235} -Er% 12§] S5 A
2 7M1 IFghE 721719 HEgkell w3t
2 FA Foke i, £ 63 252 WAt
2] H3l}lo] SDNN, IFE @A3] S7HA1713L
121 s el B e B e el
3. 2933 252 27 63 oF Wt Aulrst
AEpHo =) MR Gl FLBA, Al
25 Aotetl olEee] wEr) bl 24
7go] gojzltk

VI, e =

2 =S 20149 AHAIEH AYLOR AT
Aeke] A Y& ol 3 ¥ A7 (NRF-2014S1A5B6-
A02049047).

VI References

1. Benchetrit G. Breathing pattern in humans: diversity
and individuality. Respir Physiol. 2000;122:123-9.
2. Bernardi L, Porta C, Gabutti A, Spicuzza L, Sleight
P. Modulatory effects of respiration. Auton Neurosci.

2001;90:47-56.

3. Courtney R. The functions of breathing and its dysfunc-
tions and their relationship to breathing therapy.
International  Journal of Osteopathic Medicine.
2009;12:78-85.

4. Katja Goetz, Thomas Loew, Regina Hornung, Laura
Cojocaru, Claas Lahmann, and Karin Trict. Primary
Prevention Programme for Burnout-Endangered
Teachers: Follow-Up Effectiveness of a Combined
Group and Individual Intervention of AFA Breathing
Therapy. Evidence-Based Complementary and Alternative



Medicine. 2013;Article ID 798260: 8.

5. Vidigal GA, Tavares BS, Gammer DM, Porto AA, Carlos
de Abreu L, Ferreira C, et al. Slow breathing influences
cardiac autonomic responses to postural maneuver: Slow
breathing and HRV. Complement Ther Clin Pract.
2016;23:14-20.

6. Li X, Zhang T, Song LP, Zhang Y, Zhang GG, Xing
CX, et al. Effects of Heart Rate Variability Biofeedback
Therapy on Patients with Poststroke Depression: A Case
Study. Chin Med J (Engl). 2015;128(18):2542-5.

7. Lin IM, Ko JM, Fan SY, Yen CF. Heart Rate Vasiability
and the Efficacy of Biofeedback in Heroin Users with
Depressive Symptoms. Clin Psychopharmacol Neurosci.
2016,14(2):168-76.

8. Lehrer PM, Vaschillo E, Vaschillo B, Lu SE, Eckberg
DL, Edelberg R, et al. Heart rate variability biofeedback
increases baroreflex gain and peak expiratory flow.
Psychosom Med. 2003;65(5):796-805.

9. Van der Zwan JE, De Vente W, Huizink AC, Bogels
SM, De Bruin EI Physical activity, mindfulness medi-
tation, or heart rate variability biofeedback for stress
reduction: a randomized controlled trial. Appl Psycho-
physiol Biofeedback. 2015;40(4):257-68.

10. Lee JM. Dongeisusebowon. 2nd revision. Seoul:
Yeogang. 2003:36, 278.(Korean)

11. Park SS. Dongeisusebowon — Sasangchobonkwon.
1strev.Seoul:Jipmoondang.2003:232.(Korean)

12. Bae HS, Kim JH, Lee YJ, Son HB, Park SS. The
Effects of Breath-Counting Meditation on Sasang
Constitution. J Sasang Constitut Med. 2015;27(2):
231-239.(Korean)

13. Kim JH, Bae HS, Park SS. The Effects of Ratio of
Inhalation and Exhalation and Posture on Heart Rate
Variability according to Sasang Constitution. J Sasang
Constitut Med 2016;28(1):40-50.(Korean)

14. Vaschillo EG, Vaschillo B, Lehrer PM. Characteristics

JHKimetal. 131

of resonance in heart rate variability stimulated by
biofeedback. Appl Psychophysiol Biofeedback. 2006;
31(2):129-42.

15. Rahman F, Pechnik S, Gross D, Sewell L, Goldstein
DS. Low frequency power of heart rate variability re-
flects baroreflex function, not cardiac sympathetic
innervation. Clin Auton Res. 2011;21(3):13341.

16. Goldstein DS, Bentho O, Park MY, Sharabi Y. LF
power of heart rate variability is not a measure of cardiac
sympathetic tone but may be a measure of modulation
of cardiac autonomic outflows by baroreflexes. Exp
Physiol. 2011;96(12):1255-1261.

17. Task Force of the European Society of Cardiology and
the North American Society of Pacing and Electro-
physiology. Heart rate variability, Standards of meas-
urement, physiological interpretation, and clinical use.
Eur Heart J. 1996;17(3):354-81.

18. Sztajzel J. Heart rate variability: a noninvasive electro-
cardiographic method to measure the autonomic nerv-
ous system. Swiss Med Wkly. 2004;134:35-36. 514-22.

19. Eckberg DL, Eckberg MJ. Human sinus node re-
sponses to repetitive, ramped carotid baroreceptor
stimuli. Am J Physiol. 1982;242(4): H638-44.

20. Song HS, Lehrer PM. The effects of specific respiratory
rates on heart rate and heart rate variability. Appl
Psychophysiol Biofeedback. 2003;28(1):13-23.

21. Vaschillo E, Lehrer P, Rishe N, Konstantinov M.
Heart rate variability biofeedback as a method for as-
sessing baroreflex function: a preliminary study of reso-
nance in the cardiovascular system. Appl Psychophysiol
Biofeedback. 2002;27(1):1-27.

22. Hayano J, Mukai S, Sakakibara M, Okada A, Takata
K, Fujinami T. Effects of respiratory interval on vagal
modulation of heart rate. Am J Physiol. 1994;267(1
Pt 2):H33-40.





