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The Role of Heart Rate Recovery: Possibility of
Heart Disease and Exercise Program Application
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Revised June 13, 2019 ABSTRACT Heart rate is a relatively simple and non-invasive method that is used as
Accepted July 13, 2019 an important physiological indicator in many studies and has a close relationship with
heart structure and function, cardiovascular disease and sudden cardiac death. In
*Correspondence . . . . .
Jong-Hee Kim general, appropriately low heart rate during resting means effective heart function and
E-mail: carachelO7@hanyang.ac.kr cardiovascular fitness; heart rate at recovery is an important indicator of health and
disease condition. We found a beagle dog (Dog_1) with a high heart rate in the previous
ORCID preliminary experiment. Therefore, purpose of this study was to compare the heart rate

https://orcid.org/0000-0003-1574-3731 response of the Dog_1 with the control group during 12 weeks of interval exercise,

to evaluate the structural and functional abnormalities of the heart and to verify the
applicability of exercise program. Heart rate was checked during 12 weeks of interval
exercise, and after the exercise was over, imaging examination and hematological
and serum biochemistry were performed. As a result, Dog_1 (165.6 + 1.5) showed
significantly higher heart rate in low intensity session of interval exercise than control
group (133.3 £ 0.5, p < 0.01). In addition, Dog_1 (181.2 + 1.4) showed significantly
higher heart rate than control group (155.1 £ 0.9) in high intensity session (p < 0.01).
The heart rate (30 sec, 60 sec) during recovery state was higher in Dog_1 (30 sec:
156.8 + 4.0, 60 sec: 166.8 £ 5.8) than in the control group (30 sec: 111.2 + 2.5, 60
sec: 104.0 £ 5.1, p < 0.01). The results of the imaging examination of Dog_1 with high
heart rate confirmed that the heart had no functional and structural abnormalities.
All beagles with the interval exercise program did not show maladjustment, and in
the hematological and serum biochemistry results, all the parameter were within the
reference range. If the interval exercise program of this study is used in the future, it
is expected to be used as an important basic data to achieve the purpose of health,
welfare, and physical fitness improvement of dogs.
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Hr4=(Heart rate, HR)= Hlal % 7hshA v 3542 5
4 ARE @2 4 9o €& AolA F83t Bt
G513 glom, A% 2 9 7|5, AEHA A,
I} ol DA} #A} At (olly 5, 2011). LRt
Aol A HEsHA Y2 HRS &2 589 A% 7|63
AH(cardiovascular fitness)& HEIWE=H], A& &
" A-E9 4F H8 Al HRol £ 403]H2 4
92" (Djaoui 5, 2016), =5 & & A] HRS 7473} 29
HE B7lok= 583 A&7 Ehjouven 5, 2005).

AA W YA 871 7= &6 Al HR2 2343 A
(sympathetic nerve, SN)9| 43} X wZrA173 A(parasym-
pathetic nerves, PN)9] A Z A% +%& A=slo] Z718}
(Du 5, 2005). 3 &5 T8 & AA W 94X =99 4
9 A E SN} PNO| 3712 HR2 M4 AHZ 3|&s1A dct
(Pecanha &, 2014). sfA9t, &5 & HRO & A A7 Z4 ©
9l o]49] HR2 7AW, ARA, AAAE 59 Ad48E =011,
AR A AT R Q7 AFRAEE A EAANE LA
Z 4 tt(Jouven 5, 2005).

AP A9 F83% 5E 2]l A9 HALolx A7k vRt
72 253 A7 Ao 4 AFolA HRS 8% AuE
283kl Ark(Essner 5, 2013). SHARE, 17t 22 719] HR
L - 9]7 aQlE(examples: hear, sniffing, panting, vigi-
lance, sleep cycle 5)° WotA ¥-&-5H= 53 Miyazaki &,
2002)2.& <lsf A+ Z3Yof ofz|go] Wol oMY A, 5 5 &
25 % 35 A 79 HRO| &3t A= oFF] v &gk AAoltt.

|29 A% 25 T2 39 /S 9% 2 oH] AN 2
AT 1§ H]Z 15(0D: Dog_1)9 H4 Al HRZ 90-1003]
2 A 20l o0 (Fox 5, 2007), 25 53 25 F I&E A
HRo| o+& 7Rl ¥]sf F-9JotA &2 AL TAFATHR S 5
> 26.3%, 3% Al: > 21.9%, p < 0.01). ¥ HRE X<l A7kt
Aol &5 5 7143 ARA 59 ¥52 ERIFthH= Bt 9l
O1(Werz 5, 2005; Motta®} Dutton, 2013), A7t FHE of
Ao gt T AFNAE Dog 13 FAFRE HIW SA4F-S Hol:
AA A FAIZE SRt T, A e 25 WHESH= QIEE &
S(interval exercise, IE)o] HId ZAS ASIAIZITHY B 11519
H(Isaksen &, 2014; Malmo 5, 2018).

mEhA, & A9 532 QMY Al HR2 A4 F#&°0lU4 &5 5
7} %5 % 38 A 2 HRE 2ol Dog_12 o2 1257
9] IE°]| W HRY| ¥H-3-& A/d<7} vlasty, Ad9] 224, 7]
53 ol o RE Brlet, BX-EH FAME 53 IE program
9] A& 7FsdE& A5t dl At
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AT TH4t
B ATE A7 A% A 8o-8Y 40k AREAE 59 o]
A 27 98] BT AR 57 M2 652 oz AWt

stlow, HR 989 tizZog 59 4, f4F 499
& AdAsHa.

2 A7 AYte AAEES AL (SANE: SNU-
180731-2)9] 54 stofl APt on, AAEE2 o8 w3
£ 9% Ao wet ARSSHATh AR A0 2L 1241 F
71& 92 £7(07:00-19:00)% o5& £7(19:00-07:00) 2.2
HeEetPon, 2k 22-23°C, Lkt 40-60%S AT
BE HE2 FEIHR Y 249 v o2 744 cages (775 X
960 x 900 cm)°flA B&stFon, 3 2-33], 30& 7HF A=
& AHS AAISHATE P i 308 o) Aa5k0] ZWsHA
1, AbEE 19 200g AlZR2H, A9 6AIZE Aol 342 A
stk A B2 AR BESt, AR-EA FA5HIT

At dh

QIHY 25 T2

E @04 H83t [EE Radin 5(2015)3} Vrbanac 5(2016)
9] AFE Frarsto] FAstg o, RE HIE2 AP Al A, A
T} ], A 9 I A&AA 7] Al 25 542 F
S ZHE £I5FFTt. [Ex= 12719 treadmill protocol (proto-
col. 1-12)& FAsto] 1237+ APstg o™, Z protocol& F
3 23] vHEs)] A5 ZF protocol?] 28A17H F 365-0]
o AZE F7Hlow intensity session, LIS)d} 173 %E 7t
(high intensity session, HIS)9] 8] &2 2:12 o]FojZlt}. Pro-
tocol 5579 session (LIS 1 — HIS 1, LIS 2 — HIS 2, LIS 3
— HIS 3, LIS 4 — HIS 4, LIS 5 — recovery) 2.2 #4353 0H,
protocol¥} session®| AP Hof| w2t AL (%)<} S E(km/h)E
HAAA 02 Z7IAFHHTable 1). A8 &H]= treadmill (Egojin
XG-VG6E, Gyeonggi-do, Korea)& A3t 1, YA 4 7]eF
5= szl Al 7Hea of7foll 2H8-5h= harness (Pocket
lead, DOG DAYS, Gyeonggi-do, Korea)E o|-&3}%ct Ad
9 A Igof| oA A S X ) FHALLE HfH|5H

HE HES R [E A 3] AR HR 7188 45t
7] 98l Aurr 54 BAE AMESE 2 H(Polar H-10, Paula
Electro, Kemple, Finland), HR 7|22 1% 992 $£3 =}
Qg Al HRZ protocol A& A Q& A= a3l 4 =
g 2/dsto] JiAY B3 HlE REHA AvEoH HEH
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Table 1. Interval exercise program consisting of 12 protocols

Protocol Divide LIS 1 HIS 1 LIS 2 HIS 2 LIS 3 HIS 3 LIS 4 HIS 4 LIS5
1 Min' 3 6 12 15 21 24 30 33 36
Grade? 0 2 0 2 0 2 0 2 0

Km/h® 4.8 74 4.8 7.6 4.8 7.8 4.8 8 4.8
2 Min 3 6 12 15 21 24 30 33 36
Grade 0 2 0 2 0 2 0 2 0

Km/h 4.8 74 4.8 7.6 4.8 7.8 4.8 8 48
3 Min 3 6 12 15 21 24 30 33 36
Grade 0 4 0 4 0 4 0 4 0

Km/h 4.8 7.6 4.8 7.8 48 8 48 8.2 48
4 Min 3 6 12 15 21 24 30 33 36
Grade 0 4 0 4 0 6 0 6 0

Km/h 4.8 7.6 4.8 7.8 4.8 8 4.8 8.2 4.8
5 Min 3 6 12 15 21 24 30 33 36
Grade 0 6 0 6 0 6 0 6 0

Km/h 48 7.8 48 8 4.8 8.2 48 8.4 4.8
6 Min 3 6 12 15 21 24 30 33 36
Grade 0 6 0 6 0 8 0 8 0

Km/h 4.8 7.8 4.8 8 4.8 8.2 4.8 8.4 4.8
7 Min 3 6 12 15 21 24 30 33 36
Grade 0 10 0 10 0 10 0 10 0

Km/h 4.8 9.2 4.8 9.6 4.8 10 4.8 10.4 4.8
8 Min 3 6 12 15 21 24 30 33 36
Grade 0 10 0 10 0 10 0 10 0
Km/h 5 9.6 5 10 5 10.4 5 10.8 5
9 Min 3 6 12 15 21 24 30 33 36
Grade 0 12 0 12 0 12 0 12 0

Km/h 5.2 10 5.2 10.4 5.2 10.8 5.2 1.2 5.2
10 Min 3 6 12 15 21 24 30 33 36
Grade 0 12 0 12 0 12 0 12 0

Km/h 5.4 10.4 5.4 10.8 54 11.2 5.4 11.6 54
11 Min 3 6 12 15 21 24 30 33 36
Grade 0 14 0 14 0 14 0 14 0

Km/h 5.6 10.8 5.6 1.2 5.6 11.6 5.6 12 5.6
12 Min 3 6 12 15 21 24 30 33 36
Grade 0 14 0 14 0 14 0 14 0

Km/h 5.8 10.8 5.8 1.2 5.8 11.6 5.8 12 5.8

'Session cumulative time.
Treadmill slope (%).
*Treadmill speed.

FEHE RASEL 183F 23] $45192H, 25 F§ HR2 proto-
col& LISt HISE 5] 24530}, 315 A] HR2 AP+
(Brito %5, 2015)% #113}t9] protocol & ¥ 3 1025 A9t
30z 60% AlA9 HRE S435toH, £39 ZE HR 715
2 Yooz Byt

A A

12749 [E 8 ¥ Dog_1< tog A% 224, 7%

of

<
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A o] EE FRlsty] Yol T WA @ A 230 ZHAL
EH AAE HAE AAeh 5 AL Digital x-ray &
H|(VXR-9M, DR-GEM, Seoul, Korea)g °]-&§sto, = ek
ZHA 9 Bu) A2 FGstgion], 44 A7]& vertebral heart
score (VHS), intercostal space (ICS), cardiothoracic radio
(CTR)E ol&sto S35kt A% 253h= A& Fvl(Aplio
500, canon medical system, Tokyo, Japan)& ©0]&3}o, 7
MHz sector §EAE AASHTE. = 2 735t3](ACVIM)
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9] Axgte] wpet A% 253 5 P9 € F=E 9 A9
A Zgstalon, 7k 33 54 & P £ &8 A4
= AARE=E AAE 7]E7])(ER-2000, boryung consumer, Seoul,
Korea)& AM&st3 o, E42 ER2000viewer program= ©]
&5ttt weteHA b2 A4 71 ARl ECG electrode
padE &5t 5 A, 25 T 1&, 158 Al 1% 5 5
AFotgloH, I53 X9 AFx g E of 7 33] vHE &4
shoirt.

o
HE H29 £508 % A% o4 $5E s 93 &
o Bgoba FALE AXSIETE RES protocol 1 A2 24413

Table 2. Comparison of HR means between Dog_1 and control by
session of all protocol

Session Dog_1 (Mean * SE) Control (Mean *+ SE)
Rest' 110045 93.416.0
LIS_1? 168.8 £+ 3.7 132.1 £ 2.4%
HIS_1° 184.6+2.3 153.8 £ 3.1%
LIS_2 164.0+4.3 132.7 £ 3.1*
HIS_2 178.0+3.0 1563.7+4.2
LIS_3 161.4+45 133.1+£3.3*
HIS_3 1814125 155.3+3.8
LIS 4 164.7+4.2 133.2 £ 3.4*
HIS_4 180.7 £3.3 157.7+4.0
LIS 169.1£4.0 135.3 £ 3.1*
Recovery (30 sec) 156.8 £4.0 111.2+25*
Recovery (60 sec) 166.8£5.8 104.0+5.1*

'Heart rate at rest before exercise.

’Low intensity session.

*High intensity session.

*The superscript letters to a significant difference in HR means (p < 0.05).
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A, protocol 12 & 24A|17t 3o AAstAtt. AHE £ 85
N S SYHE AR ¥ 70% GISE A5 257
Aol A 5 mLe BN AF 5Tt 2719 SST tube®] 2 mL,
EDTA tube©] 1 mLZ& o] AE@EFEA7]A A3} differ-
ential counting, 8% A& AAIstAtt. SST tubeol 253t
gole 33 A 3l & 1500 rpmofAl 5-1087F 44l B85}

=
of @HL Belsty, 450 BYS ARohUheAA JFH 14
91 BPAAE AN,

Atz X2

Aol Fogt BE HZ9 o A, 25 F, 25 F IE A
HRI} @H-FHeHa AA g B9, 54 242
GraphPad Prism 5 (GraphPad Inc., La Jolla, CA, USA)E ©]
43191, BAA 79942 Student’s two-tailed t-testZ H4

3ATHp < 0.05).

125F749) IEE= 12709 protocol® T4 =92 ™, protocold
session®] APE wujtt FAE(%)2 £E(Km/h)E AFFo=
37Fot9t. Dog 13 ti2+9] 94 A] HR2 15 7+ 993 &}
o7} 912 tH(Table 2). Dog 13 H%Z7 2% LIS9} HISY &%
2= Hsto] wet HRE 374 #isletgEd, ole 7IE gie=z
treadmill& 0|83t ASLEFHANA &5 FE7F S715ol
w2} HRO|] S7F3tH= Radin 5(2015)9] A2 3o} dAgic},

B E protocol® LIS® HIS HRE 243 A3}, LISOA
Dog_1 (165.6 £ 1.5)2 H=&(133.3 + 0.5)°] H|af -9l
A E}Oo™(p < 0.01), HIS A Dog_1 (181.2 + 1.4 o
2(155.1 £ 0.9 8t FotA =9tHFig. 1A, p < 0.01).
Z+ protocol & ¥ 3% A] 30 sec, 60 sec HRS EAJ3F A3}
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Fig. 1. (A) Analysis of LIS and HIS HR in control and Dog 1. (B) Analysis of recovery 30 sec and 60 sec HR in control and Dog 1. *The

superscript letters to a significant difference in HR means (p < 0.05).
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30 secolA] Dog_1 (156.8 + 4.0)2 tRF(111.2 + 2.5)] H]
3 99514 =9kom(p < 0.01), 60 sec T3t Dog_1 (166.8 +
5.8)0] H2(104.0 + 5.1)Kt} 8-9l514 =9thFig. 1B, p <
0.01). & protocol?] session & Dog_13} tjZ+2] HR ¥H&-
2 Table 29} Zt}.

A7t AN &5 T AFHE SN &4 4 9 PN
g4 Z712 Q3] HRo] Z4dH=t|(Pecanha 5, 2014), 25
@ & 18& 5t 553] o49] B2 HR 7&’5‘.3 I Barvt
QtHArena 5, 2010). 184, Dog_19] &5 & 3] A] HR2
w2 A FASHA] Ao, BAA Aol= W\MOL} 3 A] 30
sec HRO|| B]3]l 60 sec HRO] th4 &4 Ve tHTable 2). o]
2k A= ARHEQl &5 ¥ 3 & A] HR §Hg3h= ZHol7t 9lo,
AP A+ (Arena 5, 2010; Pecanha 5, 2014)9} = tjZ 2 o]t}
kA, o9} Zro] &IE Dog_19] HR W37t AR9 24,

7153 ool 93t AJAE B7tsh] flsl G AAE AAlsH
art.

G AL Zat
FB WAL AA A3}, VHSE 9.7 v (reference range, 9.5-
10.5 v), ICSE 2.9 (reference range, 2.5-3.5), CTR< 60%

(reference range, 50-66%)Z 2% FAF HYQ0 AL ERISIH
thFig. 2A).

A 250 HAA A, &5 53w 39 15 dHE(right
parasternal long axis view) Aol|A o]dHo] WA, BAHWS
IS 4 & ol 242 IRIEA Lo 5 Ew F9
Ao = UL (right parasternal short axis view)ollA 4t
(LA, left atrium)@ HSH(AO, aorta)? HE&L 1.15 (refer-
ence range, 1.0-1.3)3 2 H(Fig. 2B), =& W<Ql9] £x]71 FAt
HRQl RS FRIsHATHTable 3).

L8 AAE ZAAF 23 BE AR 952 sinus rthythmo &
zx{;]mou:] __7] /\] A]ZJ— 11]—5.0] L-Lq;q _2" tlz-]uﬂo] 9,]
A=y, IS dogd £ 9= AAA Wi (supraventricular
tachycardia), 244 Y™ (ventricular tachycardla) s &%
ZE R o} o] A7o] gl ACRE ERIEYHdata not
shown). °JA8 12579 [EE 345 & AAISH FAF AAMA
Dog_1 A9 424, 7|53 ol &72 ER1= A Yottt

0

- S 2}

2 3o Fojgt RE 8|29 U5 protocol 1 24A|17F A,
protocol 12 F& 24417 & - @HAANE AAY 23 BE
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Fig. 2. (A) Radiography of Dog_1, 1:
right lateral recumbency, 2: dorsal
recumbency. (B) Echocardiography of
Dog_1, 1: LA, left atrium; LV, left ven-
tricle; RA, right atrium; RV, right ven-
tricle, 2: AO, aorta; mPA, right main
pulmonary artery.
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w19l &7} A WY Holl 9= A& FRIsIHTHTable 4). &
ok &<t 29 A% ol FFE ALH R ERlst] )
protocol 6 $=& 24A17F &, protocol 12 £8 4FY€ & g9
EHAAE AAGE BN FA] ol A7 §S S SIS
tH(data not shown).

Table 3. Echocardiography results of Dog_1

Parameters (unit) Dog_1 Reference range
LVIDd (mm)' 30.6 25.2-36.5
LVIDs (mm)? 13.3 11.7-19.3
FS (%)° 48.5 35-50
LA/AO* 1.15 1.0-1.3
MV E velocity (cm/s)’ 73.9 <120
MV A velocity (cm/s)° 48.2 <100
MV E/A 1.63 1-2
IVRT (ms)’ 71 55-100
E/IVRT® 1.04 <20

'Left ventricular internal dimension in diastole.
?eft ventricular internal dimension in systole.
*Fractional shortening.

‘LA left atrium, AO: aorta.

*Transmitral early diastolic flow.

®Transmitral atrial contraction flow.
’Isovolumic relaxation time.

#Pulmonary edema factor.

Table 4. Hematology and serum biochemistry in Dog_1 and Control

2 E

£ 475 9 A HRE A4 4201, 25 5 0 85 ¥ 5
£ A HRO| &2 Dog_1& 4oz 125719 IE '3— ol iz
3} HRE HILSHE, A% ol §58 ZAstel, B9 48 b
o132 AFoE v BHo| drk. X A7l AnE ok
_‘C:>_l‘r 71—1;}-.

A, & Aol A AAIR ofu] AgofA ok A o] ws)
TS 2 HR& B Dog_12 & A7 484 125
o [EAME 25 5 9 3% A HRo| the iAol vl s) f-2fst
A=A vebgod, 89-8% 7“} A4 AAL AT} ol 27
o] ERIE ULt sHARE g Aol o HE T 4204k

A7} 90w, £F L 5% A %2 HRE 4% A2
AU A 4 Yk $a3 Axolng urt 7] Ho|L AU
3 A7E B3 A5H Bo] WAy Aoz AmHh B,
& A7l 49 1209 158 A% Dog 13} Hi2ol 2
£ 2L 7d, 94, 27 59 248 B4 Kol Rty &
5 75 Wslo] T2 QYFHQ RS WA BT, T, 2T

Q17k7} 7l Dog_13 A HRS Mol thaelA] & a7
9 17 48 7hs e A0z ZtE, ake) B4 Tefste] 4
- pekeichd Bg anHY Aol

£ 479 [E Z2Ige 9 A7, B4, A 34 59 25
2 245 I3 2% 12A4RE 289 Aoz st 5
Ag, # AT Dog_19] #4H AFolng Fute dusteis
ol AL low] B 4TS JNoR Stk ¥4 A7t
ol 0] Ao} & Zolt},

Dog_1 Control
Parameters (unit)
Pre-IE Post-IE Pre-IE Post-IE

WBC (K/uL) 7480.0 5890.0 10636.0 £ 899.6 7388.0 £ 625.9
RBC (M/uL) 668.0 798.0 659.4 +12.2 679.0£10.5
Hb (g/dL) 16.1 19.0 163202 165.7£0.2
MCV (fl) 66.7 69.0 65.4+0.6 67.1£05
MCH (pg) 24.0 23.8 23210 23.110.1
MCHC (g/dL) 36.1 345 356103 345101
PLT (K/ub) 233 26.0 31.813.1 360t24
ALT (U/L) 38.0 48.0 36045 396+59
AST (U/L) 21.0 38.0 240+1.1 32617
BUN (mmol/L) 8.6 9.7 155+1.8 129+0.6
Creatinine (umol/L) 0.69 0.66 0.74 £ 0.05 0.77 £ 0.06
Glucose (mmol/L) 110.0 109.0 918+13 938158
Albumins (g/L) 33 35 39101 38100
TP (g/L) 59 5.9 7.020.1 6.910.1
Cholesterol (mmol/L) 136.0 113.0 228.2+16.9 233.8+23.0
TG (mmol/L) 29.0 29.0 66.0+9.3 59.8 £ 13.1
CK (U/L) 105.0 279.0 116.8+6.1 1756 £12.1
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