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Abstract

The present study examined the effect of breathing control on the low-frequency
component of heart rate variability (HRV). Sixteen healthy college students participated
in three breathing conditions in which they inhaled slowly and exhaled quickly (10 sec
inhalation and 2 sec exhalation), spent equal amount of time inhaling and exhaling (6
sec inhalation and exhalation each), and inhaled quickly and exhaled slowly (2 sec
inhalation and 10 sec exhalation). Electrocardiograms and pneumograms were measured
during a 2-min baseline period, a 6-min breathing period, and a 2-min recovery period.
Results indicated that the amplitude of the low-frequency (LF) component of HRV
greatly increased during the breathing period with equal amount of time inhaling and
exhaling, whereas the amplitude of the high-frequency (HF) component remained
unchanged, reflecting a shift of respiratory sinus arrhythmia from HF to LF range.

These results were consistent with the findings of Lehrer et al. (1999) for breathing
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control in Zen meditation.
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Macaulay, Caudill, Kutz, Adam, Gordon, Kilborn, Barger, Shannon, Cohen, & Benson,
1985). TN oip o, LF JHA 3O IEREME & ZIBMBOMFIZL » THAMASN TN S EEZ
5N T 5 (Pomeranz et al., 1985),
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FHRMGHCBE L TO B 2 &b o, RIRIEIFRE LF &5 O 308 (B £ O LF KSR IE O B 78
JENMHHBERE A D 5 2 ST 2185 EARE ST A (Lehrer, Vaschillo et al., 2000), L
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ST, BAREIER D Y bu— o8y VIEHT B & KDL RO RRWIFIR S S Ui
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3. RO 3 > b o— Vi3 % W (Harris, Katkin, Lick, & Habberfield, 1976;
Holmes, MacCaul, & Solomon, 1978) #ZZ MK DM S % 5 cycle/min IZF%E L B S »ic
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Fig.1. R-R interval variability during each
measurement period in a representative subject
under 1:1 breathing condition (6 sec
inhalation and 6 sec exhalation).
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Fig.2. Changes in power spectra of R-R interval variability during
each measurement period in a representative subject under 1:1
breathing condition (6 sec inhalation and 6 sec exhalation).
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R-R I O Tl & 32 ek LR L b D table 1 Th %, T R-R BIFIZ D0 T,
11 &S E bz U Tiio &% Bl - T, 508U T ORGSR WFRE DR RIC
HEAEMRD 5N (F(2/30)=3.92, p<.05, £=0.85), FhtE kS, 5:1 & E 1:1 &k &0
BICHEZENAS SN Tz (p<.05), WEME X OZLAMERICETEREEETA SNLD - T,

Table 1. Mean R-R interval and variance during measurement
periods for each breathing condition. Values in parentheses are
standard deviation.

Baseline Subtrial Trial Recovery

5:1 R-R (msec) 840 (126) 850 (100) 833 (104) 832 (95)
Variance 2241 (1617) 7683 (4198) 6022 (4250) 3893 (2865)

1:1 R-R (msec) 881 (120) 892 (117) 877 (119) 871 (127)
Variance 3419 (3692) 11232 (7425) 9675 (6347) 4575 (2815)

1:5 R-R (msec) 848 (117) 866 (106) 856 (123) 848 (122)
Variance 2569 (2242) 9523 (5506) 8297 (3953) 3269 (2042)

=iy AAEIEIC OV T S 11 RAETRMENE ZW LU THOFRMEL D b REM -7, 2,

FTHDOEMITEB T S baseline 12 U T subtrial ¥ & O trial @ 4 8AE M UL recovery T
bEDUNIVETIKTFT 288 UdiBohic, R, LI FHICBT 2N RENEIITAZ
1o ST HT DASEL WFIRGME &R MIBIC & 2 FRZENA o P RSN F(2/30)=3.85,
p<.05, € =0.68 ; MEWIH: F(3/45)=33.0, p<.01, €=0.60). ZTH 6 DOLHAEMITMINZENA SN
72(F(6/90)=2.1, p<.D)o THAREDKER, 5:1 FM& 111 R EDMICHEZENS SN (p<.05),
& 512, baseline & subtrial, baseline & trial ®IC 2 ZNAEENED 51 (% % p<.01)
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Fig.3 Effect of paced breathing (5:1, 1:1, and 1:5)
on mean amplitude of low-frequency (LF)
component of heart rate variability.
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Fig.4 Effect of paced breathing (5:1, 1:1, and 1:5)
on mean amplitude of high-frequency (HF)
component of heart rate variability.
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T R-R IR E AR 200 UCTEALD S dpisb i - e 2 & 6 S OFREEEFR T~
NO =T K BREEZT N EOREE NI, IR T Y b o — VS AR SIC 52 5 %)
RAEBGT LIBERDUFYEICH 0T &7 R-R B CPE0AED 1T >0 THEBZLIVRE N T
W3 H01EF P75 (Cappo & Holmes, 1984; Hayano et al., 1994; Holmes et al., 1978;
Sakakibara & Hayano, 1996). A&iH b ZN o 1—H LU Tz, BB 1115413 1:5 &1
HUTREICRERMER L TOIA, ThiEOIHE (baseline) d BelE TREIZ R-R [BIFE 235870
LTkl &icks b Llbhic,

—Ji. AR B O HAEO R I3. subrial, trial IZBWLTEZICHEML, o0& i 1114
TEAY5:1 % Blul - Tz, HEAHICE 0T S R-R BIRE & FERICOINEO SR E LTV 5 b
D D (baseline KAEIZ I 1 24D . FEOLKBAEM B ERA SN E0 S 111 £HTRDS
DHOEF WAL TH - 7o EWRBRENT, FWOMIBOPREIITTEN S S S E 0
RSP DT — ERFINC L LI b D EEZ DT EMTE D0, ZOLA DB OBERITER I
& > TEHT 2805 (FRYEAEIO B ERREERIZLT0E D EEZL S,

RIZ. LF #8053 subtrial 8 & O trial 128 W0 T 1:1 &0 & K& D> - 72, Baseline iI28 1
% LF Rl O OMREE S IZIER UKETH > Eh o, L1 ORI v b o— L&
IZB LT LF IRIEAFFICEM U2 E085 hivbh 5 (Fig.3)e THIZOWTIE, 4K 0.2 Hz<
O HIFIAFAET B P D O IAA B 23 0.1 Hz i85 0 LF I BIT LIt b D & B X ohic,
Lehrer et al. (1999) [FAMHIB I 52D > D E LR T Y bo =)Vl OiicBins 2 &
ERELTED. ARG I —H LT 5, ZOKE WA EITRQDE S A UG Ok
v b E=INZE O TMAZE) LF k0 OREA L O8RS 2 2 EAvRahi,

HF #ZI§IC 20 TS subrial, trial ISB T 2KMEBA SN -7, THITOOTER, kil
DEHIT, TTRPEDLAZER S LF -G ETE Ut B oh b, T oER
Lehrer et al. (1999) O#5REMKTD - 720 B S BOALB O 2HHU e 2 HF K> 0 ElE
ZHIM U, HF SO PHRICE T L2 E2HRE LTV S, UL, Ko LF & HF 085
VAWAE Fig 2 E i, Wlka s o= it k- Tl &I &hi LF KRS 0EL L
HARFig2 ibBLICLETIDO b ETRRKE (/T —)h 6 &7 HF IR 3 RE G & L
TIKFT 5, LichioT, HFBIRIEFER Y bo— LIt X - TREBEZ I bbb D EHZ
7o HF 40 3R EMRIRENC & - THA SN2 D TH B 2 EN S, BIRBIEKa Y bo—)b
W& - THREMBIEENIIE ML LD e 2 EMRBENT, D EIE Hayano et al. (1994) ®
RIZ—-H LT3,
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FRERIE Y XL &R D ZHICIFE U TOMAAE) ((FRIEARENR) 25 LF JAREE I Bl 5 2
EMRGEN TS (Lehrer et al., 1997; Lehrer, Smetankin et al., 2000; Lehrer, Vaschillo
et al., 2000), = 512, Lehrer, Vaschillo et al.(2000) . Z @ FIBITE O TIEREPED OHZE
SRR (B U 72 LF L3684 5 & & T, RGN BD 2 i aE £ b 5 3l
DIIRD EVHIREARE L TS, R RD? 5. TR ETFRDOESBELNIFR S
BT LF AEMGE RO MAEBIBS L DAL &S, ZOXI BT VORI ho—
JUDS IR RE 4 500 2 FIRIC %5 53 5 AlREVE DR S v 7e,

A T, Lehrer et al. (1999) FMIEAIZE T 50 - D & LR Y b o—)bhs LF 7k
ORI ARSI E S Z EAMEG LTS, ORI E—BIZRSAMEL L RO E VS Y ks
W EShTOBNRAHTA, 2001a; FAK, 2001b). LF EHEEAIK O LHZEB) O 2R 15K &
VI HIZBNTE, T QDT VANFERETH S I ENFEETH S Elbhic, 4.
D & 9 IEIFR N F » NEBRICIERSHERE O LITHE LT A E D M, MKk Y o — VO]
%12 ETORERFEREOEAAERGT T2 2 ENBELEL A,

Vb, APFER. D SERAEED Y o=t & > TMAKE O LF K mAE L7z 2 &, 2)
Wi« WSS Y ZORB AR Y bo—bE D b, WA EMTLADLFRLESD/Y L i2BWT
FOBRNE LN EAR U, BRI T v b o — )V BE U 72 R e
5 alferE&F U (Lehrer, Vaschillo et al., 2000). WX a i met o = LD IE
PEICHFE L TOA (M, 2003; HIE, 200, ChoD I Eno, BREIERa Y bo—bizK
MDA ST RIS LTSRS B EZRIT LTS, JOXIBEBINLHREICE LD
PRI, WREIC DL T IR E TR SN TE L 2 EM o ITEH U RA, 2001a;
AR, 2001b; R, 1966). FERADIEL T L b o — UALE O R « PEEE L TR N ERE
boTWWBHIEEZRLTV A,
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