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Summary

We examined the correlation of the time-sequential variability of vagal activity with the heart,
and then the circadian rhythm of vagal activity and its changes with aging were investigated. The sub-
jects consisted of 154 healthy volunteers, 90 males and 64 females whose ages ranged from 12 to 83
years. Holter monitoring was performed continuously for 24 hours. RR interval and RR;, were meas-
ured using Ewing’s method. Least square-fit of a cosine curve in a period of 24 hours of these para-
meters was calculated, and MESOR (midline estimating statistic of rhythm), amplitude and acrophase
were determined.

The results were as follows:

1. In all subjects, the circadian rhythms of the RR interval were significantly noted. MESOR,
amplitude and acrophase of the RR interval were 0.83+0.07 sec (mean+SD), 0.16+0.06 sec and 19.6
+33.8 degrees. MESOR and acrophase were not changed significantly by aging. Amplitude was signi-
ficantly decreased by aging (r=—0.23, p<0.01).

2. The circadian rhythm of RR;, was dominantly and significantly noted in 92 of 154
cases. MESOR of RRs, were 4774301 counts/hr and the amplitudes of RRs, were 3194209 counts/
hr. These indices were significantly changed by aging (MESOR: r=—0.69, p<0.01; amplitude: r=
—0.51, p<0.01).

3. Acrophase of RR;, was 30.04+47.8 degrees, and it became delayed by aging (r=0.32, p<0.01).

In conclusion, 1) based on the cosinor analysis of time sequential changes of RRjy, the circadian
rhythm of cardiac vagal activity was validated. 2) Heart rate is determined chiefly by the intrinsic heart
rate and the autonomic nervous system. At rest vagal activity to heart rate is dominant over sympa-
thetic activity, and the intrinsic heart rate decreases by aging. So the fact that MESOR of RR interval
was not changed by aging and that MESOR of RR;, decreased by aging indicated that vagal activity
to the heart decreased with aging. 3) Vagal activity accelerated during the time between midnight and
early morning.
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Table 1. Ages of the subjects

11- 21- 31- 41- 51- 61- 71
20 30 40 50 60 70

Age (yrs)

Number 9 19 37 33 35 18 3

Ri R2 Rs

| (R1 —R2) — (Rz2—Ra)| =50msec— 1 count
| (Ri —R2) — (R2—R3s) | <50msec— 0 count

Fig. 1. Measurement method of RR;, value
(Ewing).
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Fig. 2. Circadian rhythm of RR interval and
RR;,.

Upper panel: circadian rhythm of RR interval.
Each bar represents the mean value of RR interval
in each hour. Cosine formula and cosine curve are
demonstrated.

Lower panel: circadian rhythm of RR;,. Each bar
represents the mean value of RR;, in each hour.
Cosine formula and cosine curve are demonstrated.

Table 2. Cosinor data of circadian rhythm
of RR interval and RR;,

RR interval RR;,

MESOR 0.83+0.07 sec 477+ 301 counts/hr
Amplitude 0.16+0.06 sec 3194209 counts/hr
Acrophase 19.6+33.8 degrees 30.0+47.8 degrees

8/ BeRS, ¢ X 59.3EL otz

2. RR [HREOHAY XA

stapplepc, 1R Lo RR EEo A
NEBhic, FEOMEA Y X L5350 & hi-(Table
2). MESOR 1 0.83+0.07 # (SE3 + EHEFZ),
amplitude 1% 0.16+0.06 £, acrophase (% 19.6+
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Fig. 3. Relationship between age and indices of circadian rhythm of RR interval.
Amplitude was significantly decreased by aging. MESOR and acrophase were not changed by aging.
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number /] cCircadian rhythm of RRso was present.
404+ [ circadian rhythm of RRw was not present.

[ |
.
.

11-20 21-30 31-40 41-50 51-60 61-70 71-80
AGE (y-0)

Fig. 4. Presence of circadian rhythm of RR;,
in each decade.

Table 3. Rate of presence of circadian
rhythm of RR;,

12-40 yrs 41-60 yrs 61yrs<
57/65 44/68 14/21
(88|%) (6I5TA:) (68‘%)

p<0.005 NS |
p<0.05

RR;s0 ® acrophase ix 30.0+47.8 EEcH Y, 48
BEIZIREE Tdh - 728 (r=0.32, p<0.01), Hntks & &
b IR EHRE IR I B R BRI - 2 (Fig. 7).
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Fig. 5. Relationship between age and indices of circadian rhythm of RR;, (1).
MESOR and amplitude of RR;, were significantly decreased by aging.

Y = 181.8 + 0.9X
oot R r=065 p<00l
=
~
2
€ 1000
3
S .
g
7]
g
500 1

200 400 600 80 1000
amplitude (counts/h)

Fig. 6. Relationship between MESOR of RR;,
and amplitude of RRy,.
Coefficient of correlation was 0.65.
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Fig. 7. Relationship between age and indices of circadian rhythm of RR;, (2).
Acrophase of RR;, corrected acrophase and individual acrophase of RR;, were significantly shifted

to late time by aging.

Table 4. Acrophase of circadian rhythm of RR;;, C. ¢ and 1. ¢

Acrophase C. ¢ L ¢
12-40 yrs 13.4i52.2°_‘ ; —65.4+£22.7° 2.3i19.6°7 ]
*
41-60 yrs 40.1+32.0°— *k —57.6+30.4° | % 14.2+30.4°— *k
61 yrs< 63.3+44.6° | © 37.5+49.2° | 36.9137.0"] X
*, ¥k p<0.05, 0.01 by analysis of variance.
C. ¢=corrected acrophase; I. ¢=individual acrophase.
Table 5. Value of circadian rhythm of RR interval and RR;, of each gender
RR interval RR;,
MESOR Amplitude Acrophase MESOR Amplitude Acrophase
(sec) (sec) (degrees) (counts/hr) (counts/hr) (degrees)
Male 0.83+0.07 0.17+0.06 16.9+41.2 454+273 331159 275+56.8
Female 0.83+0.07 0.16+0.06 23.4+19.6 507 + 341 3724261 33.9+£30.1

Each value was not significantly varied between male and female.
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Fig. 8. Day-to-day variation of indices of circadian rhythm of RR;,.
As to RR interval and RR;,, there were no significant day-to-day variations of MESOR, amplitude

and acrophase.
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T) DMUMD THANEL, KEL R oTL 2D TR
R LHEES .

RR g, RRso O#EH Y X & OREEAEYFH
BEOBEEYRILE. L L, WFhoigiE
LLBEEIRDLRRDP -2, BE, FEEH
BT TORNLITR -0, AEER P -
fz. Clerke 519%, #Ffizarv be—V LR
&1 o 24 B8 Holter LERGEHICRE VT, LA
I EMETERHL VS o LT3, DILE
FERORBERLtEic Bz £ <, FricBRRRAT
DERTRZDEANSKTH 325, LT
DREMEBEICOBLER DD L TR L 225,
BEHEEHNGEL LESEORN CRAEEZEZRIED
bhRb 7.

RR [ifE, RRs O#FR Y X0 HEEH L
—EACERET XL 13 A
DIRORF Tk R EEBE e b o723, BB, F
HREBIOWTRBORFBMLETHS.

3. BWAROMES

PLED & 5 OB 0T 2 & DIBHCE 5 5
HEMEMECHR Y XA 2RFLTE R,
DHERIZNL P ORER X 5 5. 1) A%k
ERET ORGSR T 28X, S-S RMEAH
ETERWED, P-P BETHRIONIEL W
#2, RR Mg PQ FEOLSE) i ER
LTW3. L2aL, ZhiZBED Holter fZ{i
BORAYH Y, FHEOUBSLMELEICL - T
P-P BGOFM 21774 5> LERSH 5. 2) RR
ROEE % 50msec L) —EDETHBILT
LE) ZERARAETHLAEELEDS. SEO
B TIE RRyy itBE->TW352, &5t RRF
fao CV, spectrum analysis %\ T4 EDHE
BEORIEEITROLEND 5. 3) 4EIL, EHY
X LG BRI L, REMREEIREFCE
BEL MDY, 24BHUTO, lBing
T Ehe 24 BRI EO B#O Y X AL R
PN AMNERDB LEX ORI,
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&‘(’1*1 ﬁﬁy E#) E§:D

#® A

Holter LEREEIC & Y 24 RN ORRFFALHA
BEH), 500 RRy 2HIL, 244 F—3
AT O~ OREMEBEEDOHH Y X hico
WT O, BIUzomMmEs etk BleRFtL
Iz.

1. RR #fEE RRy ¥4 F—thick ViR
WTszdick »T, DEEELPES 240
FEIEBMD Y XLAHED .

2. DB R EMEBAEY RRs 2 o ¥
ETHE, HAY X ABHTDLN, FOE— T
B RO ch o 7. Elohmitictt-
TRFIL, =DHEA Y X A DIRE LT A
b ol &bz, MY, AfRERRIRIC
Ehi-.

= #

OB 3 2 R E TR MAE ORR R B 1L & 78
N, TOHEY XL EWEL, HEETERICHES
BlLEmat L. EE 1544 (12-835%, B
90 %4, %tk 64 4) &xtgkic Holter BRI % 24
RefEIEST L, RR fIfE & RRso (Ewing 5R) 28
WMLl Zofficwl, R/NEREIC L ZR%E
B(=24AF—8)icky, 24 REAR ORRLY
2RI 21T - T, % 42 » MESOR (midline
estimating statistic of rhythm), amplitude, acro-
phase ZBH L 7-.

1. st&pl2plc RR BRECHER Y X 258
» itz (MESOR=0.8340.07 # (mean+SD),
amplitude =0.16 + 0.06 #», acrophase=19.6+
33.8 ). MESOR, acrophase iz iz & 3%
{LIZE8 72D - 72 4%, amplitude (3Nl iz fE
Wi Lz (r=—0.23, p<0.01).

2. 15441 924 RRso iHEH Y X AR
»bhiz. RRso » MESOR 3 4774301 {&/1 B
¥, amplitude i 319+209 {8/l I THlE & b
I i - TR BfEMIC & - 72 (MESOR :
r=—0.69, p<0.01; amplitude: r=—-0.51, p<

0.01).

3. RRjy » acrophase i3 30.0+-47.8 BE ¢4HH
RIREE TH % % (r=0.32, p<0.01), jnks oV RE
g B R 2R D o 1z,

UEDHER» bROERVB BN,

1. RRyo ORMEMFHBITEITR O Z LIC
& o TR 2 K EMBBAEICEER V) X A0
MR s hi.

2. AkOpg, s TR S in-
trinsic heart rate & 3KERRREN O B AR E
Ko TERREEHTW 32, RR BEFo
MESOR o iz & 28 k322 o7 Z &, RRy
» MESOR oz & 2B B A LR Z &2
5, DB~ OB EEMEAE IR I > TREFT T
3LEEShI.

3. RRs @ acrophase 1Z1ERK» & BEI DR
BHichy, MGicrE- TREBIMNIEh T3 Z &
BHEEBShi.
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