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Post hoc Bonferroni

SPSS Statistics ver.16 5%
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S 272.4 ± 157.2mg/min R 130.8 ±

113.6mg/min S ( = 0.020) (Table 2 1)
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Figure 1-1. Running on a treadmill.



Table 1-1. Ramp protocol for running.

Stage Time (min) Speed (km/hr) Gradient (%)

1 1 1.0 0.0

2 1 1.5 8.2

3 1 2.0 12.4

4 1 2.5 14.8

5 1 3.0 16.4

6 1 3.5 17.5

7 1 4.0 18.3

8 1 4.5 18.9

9 1 5.0 19.3

10 1 5.5 19.7

11 1 6.0 19.9

12 1 6.5 20.2

13 1 7.0 20.3

14 1 7.5 20.4

15 1 8.0 20.5

16 1 8.5 20.6

17 1 9.0 20.7

18 1 9.5 20.7

19 1 10.0 20.7

20 1 10.5 20.7



Figure 1-2. Swimming in a swim mill 1.



Figure 1-3. Swimming in a swim mill 2.



Table 1-2. Incremental exercise tolerance test protocol for swimming.

Stage Time (min) Speed (m/sec) Number of person of the start point (person)

1 1 0.7

2 1 0.75 1

3 1 0.8 2

4 1 0.85 4

5 1 0.9

6 1 0.95

7 1 1.0 1

8 1 1.05

9 1 1.1

10 1 1.15

11 1 1.2

12 1 1.25

13 1 1.3

14 1 1.35

15 1 1.4

16 1 1.45

17 1 1.5



Table 1-3. Physical characteristics.

Characteristic Value

Age (year) 28.5 ± 6.1

Height (cm) 174.2 ± 5.7

Weight (kg) 71.6 ± 5.4

Body fat ( ) 15.6 ± 4.9

Best swimming time (sec/400m) 318.1 ± 43.4

Best running time (min/10km) 47.7 ± 6.6

Systolic BP (mmHg) 123.6 ± 9.2

Diastolic BP (mmHg) 77.1 ± 9.7

Rest HR (bpm) 58.6 ± 9.2

Swimming training distance (km/week) 5.5 ± 4.6

Running training distance (km/week) 28.5 ± 34.8

Swimming training time (hr/week) 2.4 ± 1.8

Running training time (hr/week) 2.8 ± 2.7

Mean ± SD

BP, blood pressure; HR, heart rate



Table 1-4. Aerobic capacity during exercise testing.

Swimming Running value

VO2max (ml/kg/min) 47.2 ± 7.2 49.0 ± 6.8 0.113

HRmax (bpm) 175.6 ± 9.7 184.5 ± 10.7 < 0.001

MFOR (mg/min) 473.5 ± 263.9 372.2 ± 90.3 0.305

Fatmax (%) 48.2 ± 4.9 34.4 ± 3.5 0.001

%HRmax of MFOR (%) 66.2 ± 5.2 55.6 ± 4.9 0.009

%VO2max of VT (%) 50.7 ± 5.6 40.9 ± 6.0 0.006

Mean ± SD

VO2max, maximal oxygen uptake; HRmax, maximal heart rate;

MFOR, maximal fat oxidation rate; Fatmax, %VO2max of MFOR

VT, ventilatory threshold



Figure 1-4. Comparison of heart rate during exercise testing.

Mean ± SD

HR, heart rate;VO2max, maximal oxygen uptake
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Figure 1-5. Comparison of fat oxidation each load during exercise testing.

Mean ± SD

VO2max, maximal oxygen uptake

* indicates a significant difference between swimming and running value ( < 0.05)
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Figure 2-1. Protocol of experimental trial.
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Table 2-1. Mean exercise intensity and substrate oxidation during swimming and running trial.

S R value

HR (bpm) 142.9 ± 19.6 146.5 ± 18.1 0.237

%HRmax (%) 81.2 ± 8.9 79.3 ± 7.5 0.246

VO2 (ml/min/kg) 32.4 ± 3.9 32.9 ± 3.6 0.179

%VO2max (%) 66.7 ± 6.7 67.5 ± 5.7 0.165

Fat oxidation rate (mg/min) 272.4 ± 157.2 130.8 ± 113.6 0.020

Carbohydrate oxidation (mg/min) 2453.6 ± 540.1 2903.0 ± 346.7 0.020

Mean ± SD

S, Swimming trial; R, Running trial; HR, heart rate; HRmax, maximal heart rate;

VO2, oxygen uptake; VO2max, maximal oxygen uptake



Table 2-2. Heart rate, body weight and blood pressure during swimming, running and control trial.

S R C

HR (bpm) Baseline

Post-Ex

60min

120min

60.6 ± 16.5

84.5 ± 25.5*,§

70.3 ± 20.1*

62.4 ± 18.8

54.8 ± 10.2

90.0 ± 23.8*,§

65.6 ± 16.9*

61.5 ± 13.3*

56.6 ± 11.8

50.5 ± 7.1

49.5 ± 10.9

47.5 ± 7.6

Systolic BP (mmHg) Baseline

Post-Ex

60min

120min

128.8 ± 9.8

130.4 ± 12.6

121.4 ± 6.6

124.4 ± 8.6

124.8 ± 6.1

128.4 ± 14.0

120.5 ± 8.5

121.5 ± 8.6

125.0 ± 7.2

122.4 ± 6.5

124.5 ± 7.1

119.6 ± 6.8

Diastolic BP (mmHg) Baseline

Post-Ex

60min

120min

77.1 ± 10.0

69.4 ± 10.3

72.1 ± 11.3

73.4 ± 11.7

70.1 ± 4.1

75.6 ± 7.4

70.0 ± 7.2*

75.5 ± 9.1

74.9 ± 9.9

71.8 ± 9.0

79.3 ± 9.3

74.5 ± 8.6

BW (kg) Baseline

Post-Ex

60min

120min

71.5 ± 1.9

70.7 ± 1.8§

70.6 ± 1.9§

70.6 ± 1.9§

71.6 ± 1.8

70.5 ± 1.8§

70.5 ± 1.8§

70.4 ± 1.8§

71.2 ± 2.0

71.0 ± 1.9

70.8 ± 1.9

70.4 ± 1.8

Mean ± SD

S, Swimming trial; R, Running trial; C, control trial; Ex, exercise

HR, heart rate; BW, body weight; BP, blood pressure

* indicates a significant difference from control value ( < 0.05)

§ indicates a significant difference from baseline value ( < 0.05)



Table 2-3. Left ventricular dimension and systolic function by echocardiography during swimming,

running and control trial.

S R C

SV (ml) Baseline

Post-Ex

60min

120min

91.1 ± 10.6

80.0 ± 17.6

87.0 ± 11.0

88.5 ± 12.5

85.7 ± 13.9

88.8 ± 13.3

88.8 ± 11.6

89.2 ± 11.7

89.2 ± 9.3

83.4 ± 8.5

86.0 ± 7.9

89.3 ± 7.7

LVEF (%) Baseline

Post-Ex

60min

120min

67.9 ± 3.5

65.1 ± 5.6

67.4 ± 3.6

67.9 ± 5.8

65.0 ± 3.4

69.0 ± 4.1

67.8 ± 4.6

68.2 ± 4.2

67.6 ± 3.2

66.2 ± 3.5

68.7 ± 4.9

68.8 ± 3.5

CO (L/min) Baseline

Post-Ex

60min

120min

5.2 ± 1.6

6.0 ± 2.3*

5.7 ± 2.1

5.3 ± 2.0

4.7±1.4

6.7±1.8*,§

5.6±1.6*

5.1±1.2

4.9 ± 1.1

4.3 ± 0.9

4.4 ± 0.8

4.4 ± 0.8

LVEDd (mm) Baseline

Post-Ex

60min

120min

52.8 ± 2.3

50.5 ± 4.2

51.8 ± 2.2

52.1 ± 2.9

52.2 ± 2.6

51.8 ± 3.3

52.1 ± 2.6

52.1 ± 2.9

52.4 ± 2.7

51.3 ± 2.1

51.2 ± 1.5

52.0 ± 1.6

Mean ± SD

S, Swimming trial; R, Running trial; C, control trial; Ex, exercise

SV, stroke volume; LVEF, left ventricular ejection fraction

CO, cardiac output; LVEDd, left ventricular end-diastolic dimension

* indicates a significant difference from control value ( < 0.05)

§ indicates a significant difference from baseline value ( < 0.05)



Table 2-4. Left ventricle diastolic function by echocardiography during swimming, running and

control trial.

S R C

E (cm/s) Baseline

Post-Ex

60min

120min

0.86 ± 0.09

0.78 ± 0.22

0.68 ± 0.10§

0.76 ± 0.13§

0.79 ± 0.93

0.73 ± 0.23

0.75 ± 0.14

0.76 ± 0.18

0.78 ± 0.10

0.77 ± 0.78

0.82 ± 0.12

0.76 ± 0.08

A (cm/s) Baseline

Post-Ex

60min

120min

0.43 ± 0.10

0.54 ± 0.18

0.50 ± 0.16

0.49 ± 0.15*

0.44 ± 0.09

0.54 ± 0.16*

0.46 ± 0.14

0.44 ± 0.10*

0.41 ± 0.09

0.38 ± 0.07

0.42 ± 0.08

0.39 ± 0.10

E/A ratio Baseline

Post-Ex

60min

120min

2.06 ± 0.50

1.58 ± 0.52*§

1.48 ± 0.42*§

1.64 ± 0.44*§

1.85 ± 0.37

1.49 ± 0.61*

1.76 ± 0.64

1.84 ± 0.68

1.98 ± 0.52

2.10 ± 0.48

2.02 ± 0.47

2.05 ± 0.60

Baseline

Post-Ex

60min

120min

12.2 ± 2.4

10.7 ± 2.2

10.8 ± 2.6§

10.8 ± 2.2

11.4 ± 1.9

10.0 ± 2.0*

11.2 ± 2.3

11.9 ± 2.9

11.9 ± 2.1

11.5 ± 2.0

11.1 ± 1.8

11.5 ± 2.5

Baseline

Post-Ex

60min

120min

7.3 ± 2.5

9.8 ± 4.1

8.9 ± 3.8

8.5 ± 2.8

7.5 ± 2.7

8.2 ± 3.6

7.4 ± 1.5

8.1 ± 2.4

8.0 ± 2.4

7.3 ± 1.9

7.5 ± 1.6

7.6 ± 2.0

Baseline

Post-Ex

60min

120min

1.86 ± 0.71

1.28 ± 0.54*§

1.41 ± 0.59§

1.45 ± 0.63

1.80 ± 0.90

1.43 ± 0.59

1.63 ± 0.68

1.64 ± 0.71

1.64 ± 0.62

1.71 ± 0.65

1.56 ± 0.53

1.62 ± 0.59

Baseline

Post-Ex

60min

120min

7.3 ± 1.8

7.3 ± 1.8

6.5 ± 1.3

7.3 ± 1.8

7.2 ± 1.4

7.1 ± 1.6

6.8 ± 1.1

6.5 ± 1.2

6.6 ± 0.8

6.9 ± 1.1

7.6 ± 1.1

6.8 ± 1.3

Mean ± SD

S, Swimming trial; R, Running trial; C, control trial; Ex, exercise

E, peak early left ventricle filling velocity; A, peak late left ventricle filling velocity

* indicates a significant difference from control value ( < 0.05)

§ indicates a significant difference from baseline value ( < 0.05)



Figure 2-2. E/A ratio by echocardiography during swimming, running and control trial.

Ex, exercise; E/A ratio, ratio of peak early transmitral flow velocity to peak atrial flow velocity

* indicates a significant difference from control value ( < 0.05)

§ indicates a significant difference from baseline value ( < 0.05)
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Table 2-5. Brain natriuretic peptide and cardiac troponin T concentration during swimming, running

and control trial.

S R C

BNP (pg/ml) Baseline

Post-Ex

60min

120min

6.8 ± 3.2

9.8 ± 5.1

7.9 ± 3.4

7.3 ± 2.8

8.9 ± 7.7

11.4 ± 9.6

8.7 ± 8.0

9.3 ± 8.2

5.6 ± 3.8

6.2 ± 3.5

6.5 ± 3.8

6.0 ± 4.0

cTnT (ng/ml) Baseline

Post-Ex

60min

120min

0.0036 ± 0.0036

0.0056 ± 0.0043

0.0082 ± 0.0052

0.0120 ± 0.0081*

0.0044 ± 0.0035

0.0053 ± 0.0042

0.0067 ± 0.0044

0.0087 ± 0.0070

0.0048 ± 0.0023

0.0044 ± 0.0023

0.0047 ± 0.0025

0.0043 ± 0.0024

Mean ± SD

S, Swimming trial; R, Running trial; C, control trial; Ex, exercise;

BNP, brain natriuretic peptide; cTnT, cardiac troponin T

* indicates a significant difference from control value ( < 0.05)



Figure 2-3. Troponin T concentration during swimming, running and control trial.

Ex, exercise; cTnT, cardiac troponin T

* indicates a significant difference from control value ( < 0.05)
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Table 2-6. Adrenaline, noradrenaline, growth hormone cortisol and insulin concentration during

swimming, running and control trial.

S R C

AD (pg/ml) Baseline

Post-Ex

60min

120min

41.6 ± 26.2

201.4 ± 133.3*

48.2 ± 27.5

35.7 ± 16.6

38.0 ± 18.4

160.9 ± 129.6

50.6 ± 24.0

37.4 ± 12.9

25.5 ± 10.6

24.8 ± 9.1

29.5 ± 7.8

27.5 ± 12.5

NAD (pg/ml) Baseline

Post-Ex

60min

120min

439.9 ± 109.9

1381.0 ± 534.7*,§

435.1 ± 115.2

442.4 ± 115.7

393.4 ± 125.1

1501.7 ± 326.4*,§

390.5 ± 120.4

464.2 ± 213.4

412.5 ± 98.0

399.2 ± 123.7

369.2 ± 128.6

389.9 ± 103.4

GH (ng/ml) Baseline

Post-Ex

60min

120min

1.98 5.30

19.50 11.12*

2.97 1.87*

0.59 0.34

1.17 1.86

13.93 6.23*,§

1.34 0.73

0.33 0.16

0.20 0.25

2.95 5.94

1.33 1.75

0.80 0.76

Cortisol ( /dl) Baseline

Post-Ex

60min

120min

13.0 ± 3.3

17.8 ± 7.9

15.1 ± 6.7

10.6 ± 4.6

10.3 ± 3.0

12.0 ± 4.2

9.7 ± 2.4

8.2 ± 2.1

11.8 ± 2.2

9.3 ± 3.0

8.2 ± 3.8

7.8 ± 3.0

Insulin ( /ml) Baseline

Post-Ex

60min

120min

11.4 ± 6.3

1.6 ± 0.7*,§

4.0 ± 2.2

3.7 ± 2. 5§

8.1 ± 7.4

1.9 ± 1.8

3.7 ± 2.2

2.3 ± 0.6

12.2 ± 11.0

4.6 ± 1.5

3.3 ± 0.8

3.2 ± 1.3

Mean ± SD

S, Swimming trial; R, Running trial; C, control trial; Ex, exercise;

AD, adrenaline; NAD, noradrenaline; GH, growth hormone

* indicates a significant difference from control value ( < 0.05)

§ indicates a significant difference from baseline value ( < 0.05)



Table 2-7. Free fatty acid and lipoprotein cholesterol concentration during swimming, running and

control trial.

S R C

FFA ( /l) Baseline

Post-Ex

60min

120min

109.9 ± 32.7

585.9 ± 246.3*,§

715.2 ± 295.5*,§

975.4 ± 245.0*,**,§

145.5 ± 89.1

695.1 ± 227.0*,§

610.5 ± 286.3§

662.2 ± 256.1*,**,§

116.1 ± 42.7

171.7 ± 37.7

338.8 ± 140.5§

398.0 ± 178.5§

HDL-C (mg/dl) Baseline

Post-Ex

60min

120min

68.4 ± 19.4

66.9 ± 19.0

71.1 ± 19.3

71.1 ± 19.7

66.9 ± 15.7

66.1 ± 16.7

65.6 ± 17.8

69.3 ± 16.4

68.0 ± 19.2

68.5 ± 19.8

69.1 ± 18.7

69.2 ± 19.5

LDL-C (mg/dl) Baseline

Post-Ex

60min

120min

100.8 ± 28.7

99.6 ± 30.7

105.8 ± 29.4§

105.4 ± 32.0

101.0 ± 30.5

99.3 ± 27.7

98.8 ± 32.1

103.8 ± 31.5

104.8 ± 22.3

103.7 ± 21.4

106.0 ± 21.7

106.1 ± 22.6

TG (mg/dl) Baseline

Post-Ex

60min

120min

105.6 ± 31.3

75.4 ± 24.1*,§

76.9 ± 19.9

81.9 ± 42.0

92.9 ± 50.0

71.5 ± 25.8*

68.0 ± 26.3

68.8 ± 25.6

117.5 ± 42.0

108.5 ± 31.2

90.7 ± 31.6

80.0 ± 28.8§

Mean ± SD

S, Swimming trial; R, Running trial; C, control trial; Ex, exercise;

FFA, free fatty acid; HDL-C, high density lipoprotein cholesterol

LDL-C, low density lipoprotein cholesterol

TG, triglyceride

* indicates a significant difference from control value ( < 0.05)

** indicates a significant difference between swimming and running value ( < 0.05)

§ indicates a significant difference from baseline value ( < 0.05)



Figure 2-4. FFA concentration during swimming, running and control trial.

Ex, exercise; FFA, free fatty acid

* indicates a significant difference from control value ( < 0.05)

** indicates a significant difference between swimming and running value ( < 0.05)

§ indicates a significant difference from baseline value ( < 0.05)
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Table 2-8. Lactate acid, acetoacetic acid and -hydroxybutyric acid concentration during swimming,

running and control trial.

S R C

LA (mg/dl) Baseline

Post-Ex

60min

120min

12.2 ± 6.3

34.8 ± 23.8*

13.4 ± 6.8

10.4 ± 3.1

10.7 ± 1.8

18.3 ± 7.1*

9.9 ± 3.0

8.2 ± 2.9

9.8 ± 3.4

7.3 ± 1.6

8.4 ± 4.4

8.1 ± 5.0

AAcA ( /l) Baseline

Post-Ex

60min

120min

10.9 ± 5.0

27.4 ± 13.7

91.4 ± 94.8

97.2 ± 90.9

15.4 ± 3.38

39.7 ± 21.2*

88.5 ± 74.1

86.0 ± 60.1*

11.9 ± 6.1

13.8 ± 4.0

24.3 ± 15.7

24.9 ± 13.8

HBA ( /l) Baseline

Post-Ex

60min

120min

19.5 ± 8.6

50.4 ± 19.5*,§

243.3 ± 243.6

346.0 ± 330.9

22.4 ± 11.5

78.0 ± 40.1*,§

244.8 ± 213.7

294.9 ± 229.8*

16.4 ± 6.5

21.2 ± 6.2

50.7 ± 37.6

65.0 ± 45.5

Mean ± SD

S, Swimming trial; R, Running trial; C, control trial; Ex, exercise;

LA, lactate acid; AAcA, Acetoacetic acid; HBA, -hydroxybutyric acid

* indicates a significant difference from control value ( < 0.05)

§ indicates a significant difference from baseline value ( < 0.05)



Figure 2-5. Fat oxidation rate each five minutes during exercise testing.

* indicates a significant difference between swimming and running value ( < 0.05)
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