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ABSTRACT

Background and Objectives : It is well known that, regardless of whether a person has cardiovascular diseases, the re-
duction of heart rate after exercise reflects the impairment of the autonomic nervous system. It is also a predictive factor
of death rate and it correlates to insulin resistance. Therefore, we assessed these correlations in normoglycemic sub-
jects. Subjects and Methods : Exercise stress testing was performed according to the Bruce protocol. Anthropometric
indices of adiposity, metabolic variables, blood pressure (BP) and several cardiovascular risk factors were measured. The
HOMA index was used as the insulin resistance, and the impairment of the autonomic nervous system was assessed by
measuring the reduction of heart rate for 2 minutes after the cessation of exercise. Results : The reduction of heart rate
during 2 minutes after the cessation of exercise statistically correlated with the HOMA index, gender, age, body mass
index, the waist circumference, heart rate during rest, the maximum heart rate, serum total cholesterol concentration,
serum high density lipoprotein cholesterol concentration and serum low density lipoprotein cholesterol concentration,
(p<0.05). However, on multiple regression analysis, the HOMA index, gender, heart rate during rest, and the maximum
heart rate significantly correlated to the reduction of heart rate during 2 minutes after the cessation of exercise. Conclusion :
In individuals with normal serum glucose levels, even after adjustment was made for other factors, the reduction of heart
rate after the cessation of exercise correlated to insulin resistance. Hence, in individuals with normal serum glucose le-
vels, efforts to improve insulin resistance have to be made, and prospective study on this subject is required. (Korean
Circulation J 2005;35:228-232)
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Table 1. General characteristics and metabolic data of study po-
pulation

Total Men Women

(n=184) (n=151) (n=33)
Age (year) 46.6+8.6 465+84  47.0£10.0
W(c]:;::umference (omy 81615754 8355666 7493+657
BMI 23.95+2.49 2405+2.43 23.50+2.73
HOMA index 1.63+0.65 1.64+£0.66 1.52+0.59
Insulin (ulU/mL) 7.30+255 7.33+2.59 7.13+233

T-cholesterol (mg/dL) 209.11+£34.50 211.84+35.7 196.4+25.0
139.20£77.44 1442%792 1158*64.4
56.16+£15.43 55.4£152 59.2+16.0
LDL-C (mg/dL) 12420+£29.48 126.6+£29.0 112.7+29.3

Glucose (mg/dL) 90.19£8.66 91.1+£846  859+£7.6
BMI: body mass index=kg/m2, HOMA index: [fasting insulin (ulU/
mL) #fasting glucose (mmol/L)]1/22.5, T-cholesterol: total choles-
terol, HDL-C: high density lipoprotein cholesterol, LDL-C: low den-
sity lipoprotein cholesterol

Triglyceride (mg/dL)
HDL-C (mg/dL)

A} 1,6440.66, 917 1.52+0.59), 5 Al 834 dad &
T 7.34+2.6 ulU/mL(EA} 7.8+2.6 ulU/mL, &} 7.1+2.3
WlU/ml), BH 228 AHE =% 209.1+34.5 me/dL(d
2} 211.8+35.7 mg/dL, o}z 196.4+95.0 mg/dL), B3
SR = 139 2+77.4 mg/dLFAF 144.2+79.2 mg/dL,
oJ2} 115.8+64.4 mg/dL), B WUEAHHIYLEHE &
= 56.2415.4 mg/dL(A} 55,4+ 15,2 mg/dL, 7} 59,2+
16,0 mg/dL), 8% AUEAGHEZYAHE 5% 1242+
29.5 mg/dL(EA} 126,6+29.0 mg/dL, oJA} 112,7+29.3
mg/dL), 32 A] % 90.2+8.7 mg/dL(FA}F 91,1+ 8.6 mg/
dL, oJZ} 85.9+7.6 mg/dL)°]ATHTable 1),
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S/, SEEG 28 F APKE 105 £ 155 RA 106+
153]/&, oA 98£133)/DE s ¥ 227 gt A
U 54 5414, 53)(FR} 53.2+14.43], &} 60.0+14,0
32 S = Utk(Table 2).
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Table 2. Echocardiographic finding and exercise test result

Total Men Women

(n=184) (n=151) (n=33)
IVSD (cm) 0.90+0.06 0.90+0.06 0.85+0.04
LVEDD (cm) 498+0.26 5.00+0.26 4.80+0.22
LVESD (cm) 3.32+0.24 3.34+0.24 3.20+0.19
LVMI (g/m?) 90.3£16.2 90.5+£16.5 89.1+:149
PWT (cm) 0.90+£0.07 0.91£0.07 0.85+0.06
LA-dimension (cm) 3.57+£0.29 3.59+0.30 3.43+0.20
EF (%) 61.6+3.6  61.6+37 62.1+£27
E/Aratio 1.16+0.27 1.17+0.27 1.12+0.27
DT (sec) 0.22+£0.14 0.22£0.15 0.19+0.04
IVRT (sec) 1.08+8.87 1.26+9.61 0.07*0.01

Workload (METs) 11.96+2.14 123+20 10.1£14
Max SBP (mmHg) 175119 176+18 171£21
Max DBP (mmHg) 99+12 99+12 97+11
Max HR (beat/min) 15914 15915 158+12
Resting SBP (mmHg) 12616 127+15 122+19
Resting DBP (mmHg) 83+10 84+9 79+14
Resting HR (beat/min) 73.3+11.8 73+12 74+8
HR-reduction (beat/2min) 54.5+14.5 53.2+14.4 60.0+t14.0

Values are expressed as mean=xSD. IVSD: inter-ventricular septal
dimension, LVEDD: left ventricular end-diastolic diameter, LVESD:
left ventricular end-systolic diameter, LVMI: left ventricular mass
index, PWT: posterior wall thickness, LA-dimension: left atrial di-
mension, EF: ejection fraction, E/A ratfio: peak mitral flow velocity
of the early rapid filling wave/peak velocity of late filling wave
ratio, DT: deceleration time, the interval from the peck of the E
velosity to its extrapolation to baseline, IVRT: isovolumic relaxation
time, METs: metabolic equibalent, Max. SBP: maximum systolic
blood pressure, Max. DBP: maximum diastolic blood pressure,
Max. HR: maximum heart rate, SBP: systolic blood pressure, DBP:
diastolic blood pressure, HR: heart rate, HR-reduction: heart rate
reduction during 2minutes after termination of exercise

Table 3. Pearson’s correlation of heart rate reduction with other
parameters

Pearson’s coefficients p

HOMA index —0.254 0.001
Sex 0.181 0.01

Age -0.172 0.02

BMI —0.254 0.001
Waist circumference -0.328 <0.001
Resting HR -0.158 0.032
Max-HR 0.402 <0.001
T-cholesterol —0.184 0.013
HDL-cholesterol 0.203 0.006
LDL-cholesterol -0.193 0.009
TG/HDL cholesterol ratio -0.166 0.025

HOMA index: [fasting insulin (ulU/mL) *fasting glucose (mmol/L)1/
22.5, BMI: body mass index=kg/m?, Resting HR: resting heart rate,
Max-HR: maximum heart rate, T-cholesterol: total cholesterol, HDL:
high density lipoprotein, LDL: low density lipoprotein, TG/HDL ra-
fio: triglyceride/high density lipoprotein cholesterol ratio
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Table 4. Stepwise multiple linear regression analysis for HR-reduc-
fion as dependent variable

B SE (B) P
HOMA —3.959 —0.183 0.043
Sex 10.966 0.313 0.001
Age 0.157 0.114 0.300
Resting-HR —0.468 —0.435 <0.001
Max-HR 0.459 0.493 <0.001
Exercise —1.459 —0.036 0.659
Smoking 2.782 0.050 0.550
Waist circumference 3.908 0.022 0.832
Triglyceride —-2.0 -0.118 0.232
HDL-cholesterol 2.984 0.031 0.751
T-cholesterol -7.2 —0.168 0.068

Adjust for HOMA index, sex, age, resting-HR, Max-HR, exercise,
smoking, waist circumference, triglyceride, HDL-cholesterol, T-
cholesterol, resting systolic BP, resting diastolic BP, maximum sys-
tolic BP and maximum diastolic BP. HOMA index: [fasting insulin
(ulu/mL) #fasting glucose (mmol/L)1/22.5, Resting-HR: resting he-
art rate, Max. HR: maximum heart rate, B: regression coefficient,
SE (B): standard error of regression coefficient, HDL: high density
lipoprotein, T: total
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