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Optimal resting heart rate in adult population :
factors related to the heart rate
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Background : The resting heart rate (HR) or HR recovery after exercise is one of the important
predictors of cardiovascular disease mortality. However, few studies have addressed the ideal range
of the HR. We sought to define the normal HR of healthy adults who have no evidence of

cardiovascular or systemic illness, and none of the component of metabolic syndrome (MS).

Methods : We analyzed a total of 20,162 asymptomatic adults, who were referred for a general
health evaluation. All participants underwent careful clinical evaluation, including a detailed history,
physical examination and laboratory workup. The mean HR for 30 seconds in the morning after an
overnight fast was obtained. There were 7,823 subjects who were free of any component of MS.

There were 935 MS patients, and 10,492 patients had >1 component of MS.

Results : The HR was faster in women. The resting HR of healthy men was 59.9+8.2 bpm, and
that of healthy women was 63.7+8.5 bpm. There was significant correlation between the HR and the
age of healthy adults (r=-0.008, p < 0.001). The mean resting HR was higher in the MS patients than
that of their healthy counterparts (67.4+10.6 bpm vs 62.0£86 bpm, respectively, p=0.000). A
significant gradual increase of HR was observed as the numbers of MS component increased
(r=0.127, p < 0.001). The systolic blood pressure, fasting blood sugar, HbAlc, triglyceride, YGTP,

uric acid and CRP were significantly correlated with HR.

Conclusions : We herein newly define the optimal HR in a healthy adult population. Follow-up
study is needed to clarify the role of HR as a risk stratifier.(Korean J Med 72:172-180, 2007)
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Table 1. Clinical Characteristics of the study population

Components of Metabolic Syndrome

Normal p value

1 2 > 3
Number 7,823 5,237 3,302 1,953
Male(%) 45.8 62.4 70.2 72.9 0.000
Age, Years 41.6+9.7 46.0+10.9 48.3+10.8 49.6+10.3 0.000
Weight, Kg 58.9£8.0 66.5+10.0 70.5+10.1 73.9%+10.0 0.000
Height, cm 164.0+8.2 165.1+8.9 165.5+8.8 165.7+8.5 0.000
BMI, Kg/m’ 21.8+1.9 24.3+2.5 25.7+2.5 26.8+24 0.000
SBP, mmHg 116.2+9.4 125.7+12.2 132.4+13.2 138.8+13.2 0.000
DBP, mmHg 73.316.6 79.748.1 84.4+8.8 90.0+£8.3 0.000
HR, bpm 61.4+85 63.0+8.8 66.8+10.8 66.8+10.8 0.000
Hgh, gm% 13.59+1.6 14.3+15 14.6+15 149+14 0.000
T-cholesterol, mg/dL 184.7+314 198.7+£35.3 208.8+37.8 213.6+38.7 0.000
Triglyceride, mg/dL 80.7+29.9 1285+78.4 180.6+118.6 239.3+130.8 0.000
HDLcholesterol, mg/dL 61.6+13.7 55.1+13.0 51.0+12.4 46.5+11.3 0.000
FBS, mg/dL 87.9£8.0 94.3+20.3 100.8+26.1 117.0+£39.6 0.000
HgAlc, gm% 5.0+0.6 5.2+0.7 5.4+0.9 6.0+14 0.000
Uric acid, 46+1.3 52+14 55+14 5.7+14 0.000
CRP, mg/dL 0.08£0.12 0.11+0.14 0.13+0.15 0.16+0.16 0.000

Data are mean=SD
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate;
T-cholesterol, total cholesterol; FBS, fasting blood sugar; CRP, C-reactive protein.

Table 2. Comparison of heart rate of the healthy population with that of MS population according to age and
gender.

A Cend Patient HR, bpm p value Patient HR, bpm p value p value
nder
¢ ¢ No. Healthy M vs F) No. MS (M vs F)  (Healthy vs MS)
M 2 L 1+8.€ 8 .5%10. <0.001
18-29 D2 60.1+8.9 <0.001 64.5+10.0 0.00
F 327 64.5+8.9 0
M 1,410 60.1+8.0 110 69.0+9.7 <0.001
- ’ <0. <0.
30739 F 1,618 65.0+8.6 0001 10 71.1+9.5 0.001 <0.001
M 1,259 60.1+8.4 237 66.9+9.8 <0.001
- ’ <0. <0.
40-49 F 1,444 62.9+8.1 0001 33 71.6+13.3 0.001 <0.001
M 441 59.5+7.9 212 65.0+9.9 <0.001
- <0. <0.
5059 F 642 61.9+7.9 0001 116 68.8+9.9 0.001 <0.001
M 199 59.0+8.8 93 60.8+12.2 <0.001
— <0.001 <0.001
60-69 F 200 63.319.4 000 84 69.5+10.7 0.0 <0.001
M 20 57.5+8.8 15 64.7+8.5 <0.001
> <0.001 <0.001
70 F 11 61.0£9.4 000 17 75.1£16.8 0.00 <0.001
M 3,581 59.9£8.2 675 66.4£10.2 <0.001
11 ’ <0.001 <0.001
Overall 4,242 637485 0.0 260 69.9+11.2 0.0 <0.001

Data are mean=SD. MS, metabolic syndrome

- 175 -



— The Korean Journal of Medicine : Vol. 72, No. 2, 2007 —

¥ - IHRmin

. + ! IHRmax
el O : Real HR

Heart rate, bpm

Figure 1. Scatter plot depicting the change of heart rate
according to age in the healthy populations (N=7,823).
Note the superimposed intrinsic heart rate (IHR) calculated
by the equation (IHR=1181-(0.57xage)+16/min). A weak
inverse corre lation of heart rate with aging is noted.

N=T7823 |

A Mean HR = 58.0+ 8.2 (Men) L Men
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* p<0.001

Age group

Table 3. Factors affecting heart rate according to
linear regression analysis (N=18,315)

Factors Correlation p value
coefficients”
SBP, mmHg 0.103 0.000
DBP, mmHg 0.091 0.135
FBS, mg/dL 0.178 0.000
HbAlc, % 0.123 0.000
Total cholesterol, mg/dL 0.065 0211
Triglyceride, mg/dL 0.008 0.000
¥v-GTP, U/L 0.090 0.000
Uric Acid, mg/dL -0.067 0.000
CRP, mg/dL 0.097 0.000
Hgb, g/dL -0.027 0.056
ESR, mm/hr 0.123 0.000

“Pearson’s correlation coefficients

SBP, systolic blood pressure; DBP, diastolic blood
pressure; FBS, fasting blood sugar; CRP, c-reactive
protein; ESR, erythrocyte sedimentation ratio.

B Th=g35
Mean HR = 664 + 102 (Men) Men
559 112wvumen: % 'ul"nmen
£
s .
£
g |
2
o
1]
: |
& p<0.001

Age group

Figure 2. Box plot showing the difference of the heart rate of healthy populations (A, N=7,823), according to age as
divided into six age strata, and that of the metabolic syndrome patients (B, N=935). Error bars show standard errors.

= )‘17] A4t
} y-GTP, &4}, CRP, &
= 518 1(p<000 for all), o]¢t7] &g, =

2 &, @NLE Fodo] (AT A7 p=0.135,

p=0211, p=00%6). Z} A=A <] FaA= ﬁ"P(r— -0.022)

%9] AAAAQ] CRPS} Al gukE
147 A A5H(N=7,800, r=0.030, p=
2} (N=935, p=0.004, r=0.094), HI
A (N=17,349, p<0.001, r=0.077), Hgt
A A OJ (N=18284, r=0.093, p<0.00D)°llA =R
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M= 18,315 :
p<0.001 [ Men

r=0127 B2 women

At

Mumber of components of M3

Heart rate, bpm

Figure 3. Box plot depicting the change of heart rate
according to increasing number of metabolic syndrome
(MS) components

——: Non-heallhy (x) Heallhy (O) —: Total

M= 10452 M=T823 N=182315

p=0454 o . P<000 p=0927
O r=.0080 * .

Heart rate, bpm

Age

Figure 4. Scatter plot of heart rate vs. age in the total
subjects, including healthy population and non-healthy
populations who have one or more components of metabolic
syndrome. Note the loss of the linear relationship between
heart rate and aging when this is analyzed after dividing
the subjects into healthy and non-healthy populations.

e ATelA =
AR B 60-1003] AlelQl o R WL gl
Ak & o FAERJA GG AGEsel E gelrt 2
a8t B Aol s el A7l A A
Hss 349 2ol AAE 5 AT

Heart rate, bpm

LogCRP

Figure 5. Relationship with heart rate and the level of C-
reactive protein in the total population, MS (metabolic
syndrome) and Non-MS (non-metabolic syndrome) (N=
18,284, p<0.001, r=0.093 in whole populations)
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Table 4. Suggested range of the optimal heart rate according to age and gender in a healthy population

Age Sex Patient Number I\I/{[::’ ;;tri Ijs;; gt)e

18-29 Men 252 60.1£89 51.2<HR=<69.0

Women 327 64.5+89 55.6<HR<73.4

30-39 Men 1,410 60.1£8.0 52.1<HR<68.1

Women 1,618 65.0£8.6 56.4<HR<73.6

40-49 Men 1,259 60.1£84 51.7<HR<685

Women 1,444 62.9£8.1 5.8<HR<T71.0

50-59 Man 441 59579 5l.6<HR<67.4

‘Women 642 61.9£79 54.0<HR<69.8

60-69 Men 199 59.0+8.8 50.2<HR<67.8

‘Women 200 63.3¥9.4 B3 9<HR<72.7

~70 Men 20 57.5+8.8 48 7<HR<66.3

‘Women 11 61.0+£9.4 bl.6<HR<70.4

Overall Male 3,581 59.9+8.2 bl.7<HR<68.1

Female 4,242, 63.7£85 M2<HR<72.2
ANX = FEFAE WA e gxTodA AdaErt AR EFE AA7IA AMTES TAAE 5 AT
£F 793] o]l H(F FAY 25%)e A Fuhsrrt v HIELE Qrh. ASAA A digk A5
29 793 o]kl ol vl AlgE o] 1.89u1 At} Cox meta-analysisoll Al AW XS4 <} ZEdgA ] ]3]
regression analysisell A APEe] dZR1IA R Ad-ss e S A = Aguts s folsiA a7 a A
(p<0.001), 1% (p<0.001), HF creatinine level (p=0.001), % AT Bastdol. £ carvediol TH
T (p=001), A A3kl HAH(p=001), S9AY AFAZ Bl A AITES AAZ F° Ao} o

(p=0.02), +=7] B4 F5(@E=005)°1Att. 1} F ks Agbs7t B9 823 o]l FhAfo ATt

ZFU2HE FAE Fod A7) oly A 2
19991 d olgg|ololl Al Al&)¥ Cardiovascular study %l =3
in the Elderlyell A= 6541 o]4Fe] w=9lo) A Al 4uts= w o]Z e WERGARZ wAYSH AIYES A
- PN >
BN

o
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64/min)ell A= AbgEC] 35% AL, o3 AF,  Palatiniis FAA A4 AaEFE B9 100371 ok
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