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PURPOSE: The purpose of this study was to demonstrate differences in cardiovascular and autonomic nerve function among physical
activity levels and associations between physical activity level and cardiovascular and autonomic nerve function.

METHODS: Sixty-six healthy young adults voluntarily participated in this cross-sectional study. Physical activity levels were assessed
using triaxial accelerometers for 7 consecutive days. Central hemodynamics and arterial stiffness were measured using the Sphygomo-
Cor Xcel system. Autonomic nerve function was assessed by heart rate variability.

RESULTS: The highest tertile group of the total quantity of physical activity had higher InRMSSD than did the lowest tertile group
(p=0.047). The augmentation index adjusted for heart rate at 75 beats per min (AIx@75) was lower in the highest tertile group of vig-
orous-intensity physical activity than in the lowest tertile group (p=0.012). Moreover, AIx@75 was negatively associated with vigorous-
intensity physical activity (r=-0.27, p=0.028).

CONCLUSIONS: High levels of physical activity contribute to the dominance of parasympathetic nerve activity at rest. Increased
engagement in vigorous-intensity physical activity can help reduce arterial pulse wave reflection, an independent risk factor for cardio-
vascular diseases, even in healthy young adults.
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Table 1. Participant characteristics and physical activity levels

Mean +SE
Gender (M/W) 44/22
Age (yr) 24.1+03
Height (cm) 170.7+1.0
Weight (kg) 69.5+1.6
BMI (kg/m?) 237+04
Muscle mass (kg) 30.8+0.9
Fat mass (kg) 149+0.7
Percent body fat (%) 21.6+£0.9
Resting HR (beats/min) 59.2+09
Brachial SBP (mmHg) 1142+1.1
Brachial DBP (mmHg) 67.2+09
Total PA (counts/min) 427.0+15.8
LPA (min/day) 1584+37.3
MPA (min/day) 55.8+19.9
VPA (min/day) 28+0.6
MVPA (min/day) 59.1£3.2

BMI, body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, dia-
stolic blood pressure; PA, physical activity; LPA, low-intensity physical activ-
ity; MPA, moderate-intensity physical activity; VPA, vigorous-intensity
physical activity; MVPA, moderate to vigorous physical activity.
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Table 2. Difference in body composition according toby physical activity intensity levels

LPA

MPA

VPA

MVPA

L(n=22) M(n=22) H(n=22)

L(n=22) M(n=22) H(n=22)

L(h=22) M(n=22) H(n=22)

L(n=22) M(n=22) H(n=22)

BMI (kg/m?) 234+0.6 23.6+0.7 24.0+0.7
Muscle mass (kg) 32.1+1.4 30.0+1.6 303+1.5

225+0.7 23.9+0.7 246+05
279+14 30.1+£1.7 343+1.2*%

224+08 239+0.7 24.7+04*
265+15 314+14 344+£1.2%

225+0.7 23.9+0.7 246+0.5
279+14 30.1+£1.7 343+£1.2*%

Fatmass(kg) 136412 16012 151412 142412 162%12 143+10 154=14 145+1.1 14611  142+12 16212 143+10
Pzﬁ;t)mdy 194415 232412 221416 222+15 234+16 19.1+13 243+16 208+13 197+14 222+15 234+16 91+13
Data are mean + SE.

LPA, low-intensity physical activity; MPA, moderate-intensity physical activity; VPA, vigorous-intensity physical activity; MVPA, moderate to vigorous physi-

cal activity; L, low tertile; M, middle tertile; H, high tertile.
*p<.05vs. L.
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Table 3. Differences in cardiovascular and autonomic nerve function ac-
cording to total physical activity quantity

Total physical activity levels

Low tertile Middle tertile High tertile
(n=22) (n=22) (n=22)

bSBP (mmHg) 1153+24 114420 1129+16
bDBP (mmHg) 69.8+1.7 67.8+1.3 64.0+1.2*
cMAP (mmHg) 822+19 798+14 768+1.1*
AP (mmHg) 35+0.7 30+0.7 26+0.6
Alx (%) 108+23 9.3+2.1 77+18
Alx@75 (%) 822+19 798+14 768+1.1
cfPWV (m/s) 6.0+0.1 59+0.2 56+0.1
INSDNN (ms) 38+0.1 4.0+0.1 4.1£0.1
INRMSSD (ms) 35+0.1 38+0.1 39+0.1*
InLFa (ms?) 04+0.2 04+0.1 04+0.1
InHFa (ms?) 0.7£0.2 0.8+0.1 0.8£0.1
InLFa/InHFa (%) -0.3+0.1 -0.5+0.1 -04+0.1
Data are mean +SE.

HR, heart rate; bSBP, brachial systolic blood pressure; bDBP, brachial diastolic
blood pressure; cMAP, central mean arterial pressure; cfPWV, carotid-femoral
pulse wave velocity; AP, augmentation pressure; Alx, augmentation index;
Alx@75, augmentation index adjusted to heart rate at 75 beats/min; InS-
DNN, standard deviation of NN interval transformed by natural logarithm;
INRMSSD, Root mean square of successive RR interval differences trans-
formed by natural logarithm; InLFa, low frequency area transformed by nat-
ural logarithm; InHFa, high frequency area transformed by natural logarithm.
*p <.05 vs. low tertile.
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Fig. 1. Difference in INRMSSD according to total physical activity quantity. Fig. 2. Differences in Alx@75 according to vigorous physical activity time.
Values are mean=SE. INnRMSSD, root mean square of successive RR interval Values are meanSE. Alx@75, augmentation index adjusted to heart rate
differences transformed by natural logarithm. *p<.05, Significant differ- at 75 beats/min. *p<.05, Significant difference from the low tertile.

ence from the low tertile.

Table 4. Differences in cardiovascular and autonomic nerve function according to physical activity intensity
LPA MPA VPA MVPA
L(n=22) M(h=22) H({n=22) L(n=22) M((=22) H(n=22) L({n=22) M({n=22) H(n=22) L((n=22) M(n=22) H(=22)

bSBP (mmHg) 114.2+£1.9 113.1£23 1153+1.8 1005+1.8 100.1+2.1 999+1.1 1122422 1142422 116.1+£15 1142+2.1 1140+24 1143114
bDBP (mmHg) 680+16 676+15 660+14 689+17 680+18 66.1+09 681+17 668+15 667+13 685+1.7 676+18 655+09
cMAP (mmHg) 804+1.7 796+17 788+14 81.0+18 799+19 780+09 80218 79.1+16 795+13 81.0£18 799%19 780%09

AP (mmHg) 35+07 37407 19+06 3.0+06 33+08 28+06 38+06 32+07 20+06 3.0£06 33+08 28+06
Alx (%) 1M1£22 115+19 52+19 102+£21 95+24 82+18 127+20 93421 59+£19 102+21 95+24 82+18
Alx@75 (%) 37+24 38+19 -24+20 42+24 2322 -14+18 6.1x21 16+22 -26x19* 42+24 23£22 -14%18
cfPWV (m/s) 57+0.1 6.0+0.1 58+02 59+0.1 58+02 58+0.1 59+0.1 59+02 58%£0. 59+0.1 58+02 58+0.1
INSDNN (ms) 40+0.1 39+0.1 3.9%0.1 40+0.1 39+0.1 4.0%0.1 39+£0.1 39401 4.1+£0.1 40+0.1 39+0.1 4.0%0.1
INRMSSD (ms) 3.7+0.1  37+£01 3.8+£0.1 37+01 37401 3.8%0.1 36+0.1 38+0.1 3.8%0.1 37+01 3.8+0.1 3.8+£0.1
InLFa (ms?) 05+02 03+0.1 04+0.1 05+0.1 04+0.1 03£0.1 04+02 03+0.1 05+0.1 05+0.1 04+0.1 03%0.1
InHFa (ms?) 26+04 26+04 26+04 09+0.1 07+01 08+£0.1 06+02 08+0.1 09+0.1 09+0.1 07£0.1 08%0.1

InLFa/InHFa (%) -0.3+0.1 -04+0.1 -04%0.1 -03+0.1 -04+0.1 -04%+01 -02+01 -05+0.1 -04%0.1 -03+0.1 -04+0.1 -04%0.1

Data are mean + SE.

LPA, low-intensity physical activity; MPA, moderate-intensity physical activity; VPA, vigorous-intensity physical activity; MVPA, moderate to vigorous physi-
cal activity; L, low tertile; M, middle tertile; H, high tertile; HR, heart rate; bSBP, brachial systolic blood pressure; bDBP, brachial diastolic blood pressure;
cMAP, central mean arterial pressure; cfPWV, carotid-femoral pulse wave velocity; AP, augmentation pressure; Alx, augmentation index; Alx@75, augmen-
tation index adjusted to heart rate at 75 beats/min; INSDNN, standard deviation of NN interval transformed by natural logarithm; INnRMSSD, Root mean
square of successive RR interval differences transformed by natural logarithm; InLFa, low frequency area transformed by natural logarithm; InHFa, high fre-
quency area transformed by natural logarithm.

*p<.05vs. L.
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Table 5. Correlation between physical activity level and cardiovascular and autonomic nerve function

Total PA (counts/min) LPA (min/day) MPA (min/day) VPA (min/day) MVPA (min/day)
bSBP (mmHg) -.062 .040 -025 .042 -026
bDBP (mmHg) -.248*% -072 -166 -.150 -181
cMAP (mmHg) -223 -061 -152 -120 -168
cfPWV (m/s) -214 -114 -106 -107 -137
AP (mmHg) -104 -092 -073 -147 -.098
Alx (%) -116 -114 -.106 -.183 -132
Alx@75 (%) -185 -127 -196 -271% -229
INSDNN (ms) .080 -037 013 .255% .058
INRMSSD (ms) 161 .084 .087 214 116
InLFa (ms?) -057 -031 -177 -.003 -146
InHFa (ms?) 006 052 -101 026 -065
InLFa/InHFa (%) -.047 -102 -079 .004 -086

PA, physical activity; LPA, low-intensity physical activity; MPA, moderate-intensity physical activity; VPA, vigorous-intensity physical activity; MVPA, moderate
to vigorous physical activity; HR, heart rate; bSBP, brachial systolic blood pressure; bDBP, brachial diastolic blood pressure; cMAP, central mean arterial pres-
sure; cfPWV, carotid-femoral pulse wave velocity; AP, augmentation pressure; Alx, augmentation index; Alx@75, augmentation index adjusted to heart rate at
75 beats/min; INSDNN, standard deviation of NN interval transformed by natural logarithm; INRMSSD, Root mean square of successive RR interval differences
transformed by natural logarithm; InLFa, low frequency area transformed by natural logarithm; InHFa, high frequency area transformed by natural logarithm.
*p<.05.
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