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ABSTRACT

Prasertsri P, Boonla O, Phoemsapthawee J, Leelayuwat N. Comparative Effects of Arm Swing and Leg Cycling Exercise on Exercise Capacity and Cardiac Autonomic Activity of Sedentary Young Adults. JEPonline 2017;20(3):53-65. The purpose of this study was to compare the effects of arm swing and leg cycling exercise training on exercise capacity and cardiac autonomic activity in sedentary young adults. This study was a randomized pretest-posttest design. Sixty healthy sedentary young adults (age 21.22 ± 2.84 yrs, body mass index 20.26 ± 2.22 kg·m-2) were randomized into three groups: control group (CT, n = 20), leg cycling exercise group (LCE, n = 20), and arm swing exercise group (ASE, n = 20). Subjects in the LCE and ASE groups engaged in exercise training for 30 min·d-1, 3 d·wk-1 for 8 wks. Before and after the intervention, the following variables were measured in all groups: exercise capacity, peak oxygen consumption (VO2 peak), heart rate variability (HRV), HR reserve, and HR recovery. There were significant increases in exercise capacity and VO2 peak in both the LCE and ASE groups when compared with the CT group (P<0.05). No significant differences in either exercise capacity or VO2 peak were observed between the LCE and ASE groups. HRV, HR reserve, and HR recovery were not significantly different among groups after the intervention. This study showed that arm swing exercise training for 30 min·d-1, 3 d·wk-1 for 8 wks improved exercise capacity to an extent comparable with that of leg cycling exercise training. It is likely that the result was due to improved VO2 peak.
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INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of mortality worldwide (6). Sedentary lifestyle is one of the major risk factors, as outlined by the American Heart Association (33). Exercise capacity has become a well-established predictor of cardiovascular mortality (3). It is usually interpreted in terms of VO2 peak (22). A recent study has clearly revealed the association of VO2 peak and cardiovascular risk (4). Low VO2 peak is associated with CVD risk factors such as hypertension and obesity (43). VO2 peak and heart rate (HR) are closely related (31). This correlation is more precise when the relationship between the percentage of VO2 reserve and HR reserve is considered (9).

HR variability (HRV) is regulated by the autonomic nervous system (ANS). Sympathetic activity decreases HRV; whereas, parasympathetic (vagal) activity increases HRV (29). Increased HRV confers a cardiovascular advantage while reduced HRV is related to adverse outcomes (38). HR reserve is also dependent on ANS activity. Decreased HR reserve resulting from vagal withdrawal is associated with CVD death (19). Vagal reactivation is a key mechanism of HR recovery after exercise cessation. This index is impaired in patients with coronary heart disease and chronic heart failure (CHF) (19,21). There is a close relationship between cardiac autonomic activity and exercise capacity (42). Higher cardiac vagal outflow is associated with higher VO2 peak among sedentary and athletic individuals (23).

Several factors such as age, health status, and aerobic fitness affect HRV (12). It declines with sedentary lifestyle, and is augmented by exercise training (16,34). Exercise training has been shown to modulate cardiac autonomic activity by lessening sympathetic discharge and enhancing vagal discharge (38). Improvements in HR reserve, HR recovery, and VO2 peak are consequences of exercise training, particularly in well-trained athletes (21). 
Arm swing exercise (ASE) is a traditional Chinese exercise that has been in common use for over 50 yrs (25). The intensity of this type of exercise is classified as mild because it evokes only approximately 23% of maximal VO2 and 45% of maximal HR (HR max) (26). Few studies have shown beneficial effects of ASE training on glycemic control, oxidative stress, and pulmonary function (26,41). Moreover, data related to the effects of ASE training on either exercise capacity or cardiac autonomic activity are limited, at least in comparison with leg cycling exercise (LCE) training. 
The purpose of this study was to investigate the comparative training effects of ASE and LCE as a standard regimen on exercise capacity including VO2 peak, as well as cardiac autonomic activity including HRV, HR reserve, and HR recovery in sedentary young adults. We expected that ASE training would demonstrate either improved exercise capacity or improved cardiac autonomic activity with similar magnitude to that of LCE training.
METHODS
Subjects

Sixty healthy sedentary young adults (20 males and 40 females, age 21.22 ± 2.84 yrs, BMI 20.26 ± 2.22 kg·m-2) were recruited. They were informed of their role both verbally and in writing before signing a consent form to participate. The consent form and all procedures in this study were carried out in accordance with the ethical standards of the Human Ethics Committee of Burapha University (approval no. of 40/2557) and with the 1964 Helsinki declaration and its later amendments. Subjects who were smokers, drinkers, or had cardiovascular, renal, neuromuscular, orthopedic, or liver disease were excluded.
Power Calculation

The WINPEPI program was used to calculate the sample size. A previous report by Leung et al. (27) indicated that cycle and ground walk training increased functional exercise capacity. The report was used to estimate an increase in exercise capacity in this study, given a 5% increase in 6-minute walk distance (6MWD). The decision was made to require 80% power with a significance level of 0.05. Accordingly, the proposed size of this study was 20 subjects per group and the total was 60 subjects, including 10% drop out.
Study Design and Baseline Measurements

This study was a randomized pretest-posttest design. Before enrolling, all subjects received medical examinations including medical history and vital signs. Measurements of height, body mass were taken from which body mass index (BMI) was derived. Body composition was also measured in the standing position using a standard skinfold caliper. Fat distribution was measured by waist and hip circumferences and their ratio.
Procedures

A total of 60 subjects were randomized into 3 groups: control group (CT, n = 20), leg cycling exercise group (LCE, n = 20), and arm swing exercise group (ASE, n = 20). Subjects in the CT group were asked to maintain their daily routine without regular exercise for 8 wks. Subjects in the ASE group were asked to keep their trunk straight while swinging both arms forward ~30° and backward ~60° for 30 min·d-1, 3 d·wk-1 for 8 wks. Subjects in the LCE group used an electronic bicycle ergometer for 30 min·d-1, 3 d·wk-1 for 8 wks. Both exercise groups were asked to perform their exercise program in the research laboratory at Faculty of Allied Health Science, Burapha University. The workload of LCE determined by a prior incremental exercise test that was adjusted to an intensity equal to that of ASE, which was around 45 to 50% of HR max.

Before and after the intervention exercise capacity, VO2 peak, cardiac autonomic activity, HR reserve, and HR recovery of all subjects were evaluated. Subjects were asked to record their dietary intake and physical activity for 3 days (2 weekdays and 1 weekend day). Data were then analyzed for estimating daily energy intake and expenditure (data not shown).
Incremental Exercise Test

Subjects performed an incremental exercise test using an electronic bicycle ergometer before starting and after finishing the intervention to determine HR max. They started with a 5-min warm-up at a workload of 0 watt with a cadence of 60 rev·min-1. The subjects’ workload was increased by 20 to 30 watts every 3 min. Subjects were required to maintain the cadence of 60 rev·min-1. The test was terminated when the subjects attained maximum symptoms of dyspnea (Borg ratings of perceived dyspnea; RPD was 9-10) or fatigue (Borg ratings of perceived exertion; RPE was 18 to 20), or when cadence could no longer be maintained at 60 rev·min-1 or when HR exceeded the generally accepted value of HR max (i.e., 220 - age) (36).

Evaluation of Exercise Capacity

The Six-Minute Walk Test (6MWT) was used to evaluate exercise capacity. This test is a useful, simple, and inexpensive test that has been used in clinical trials (17,35). Subjects were instructed to walk at their usual pace. The walkway length was 30 m with cones placed at the beginning and end of the 30-m boundary to indicate turns. The distance that the subjects were able to walk over a total of 6 min (6MWD) was taken as exercise capacity (2). Borg RPD (rating from 1-10) and RPE (rating from 6-20) were determined both before and immediately after the 6MWT.
Evaluation of Peak Oxygen Consumption (VO2 peak)

The subjects’ VO2 peak was estimated using the 6MWD combined with body weight, sex, resting HR, and age according to the following equation (7):

VO2 peak (mL·kg-1·min-1) = 70.161 + [0.023 × 6MWD (m)] - [0.276 × weight (kg)] - (6.79 × sex, where m = 0, f = 1) - [0.193 × resting HR (bpm)] - [0.191 × age (y)]
Evaluation of Cardiac Autonomic Activity

Cardiac autonomic activity was determined by HRV using Polar RS800CX. This equipment has been validated for measuring HR (14). The Polar system consists of a HR monitor with bundled software (Polar Pro Trainer 5) that is used to derive HRV values. Subjects’ HRV was evaluated at rest in the sitting position for 5 min. Analysis of HRV in the time domain consisted of the mean duration of all normal to normal RR intervals (mean RR), the transverse and longitudinal diameters of the Poincaré plot (SD1 and SD2), the root mean square differences of successive NN intervals (RMSSD), the number of adjacent NN intervals that differ by more than 50 ms (pNN50) and total power (TP). Analysis in the frequency domain involved determining values of very low, low, and high frequency (VLF, LF, and HF), and LF/HF ratio.
Statistical Analyses

Data analyses were performed using SPSS Statistics (IBM Inc. Armonk, NY USA). All data are expressed as mean ± SD, unless otherwise stated. One-way analysis of variance (ANOVA) and Bonferroni post hoc tests were used to evaluate the differences between groups, and the paired t-test was used to evaluate the differences within each group. Statistical significance was taken as P<0.05.
RESULTS

The subjects’ characteristics are shown in Table 1. There were no statistically significant differences in body mass, height, BMI, waist and hip circumferences, W/H ratio, percent body fat, fat mass, percent lean body, and lean body mass between the CT, LCE, and ASE groups  at baseline. After the intervention, there were also no differences in those variables both within and between groups.
Table 1. Subject Characteristics of the Control Group, the Leg Cycling Exercise Group, and the Arm Swing Exercise Group Before and After Intervention.
	
	Control
	Leg Cycling Exercise
	Arm Swing Exercise

	
	Before
	After
	Before
	After
	Before
	After

	Sex (M:F)
	8:12
	8:12
	6:14
	6:14
	6:14
	6:14

	Age (yrs)
	22.50 ± 4.7
	22.50 ± 4.7
	20.42 ± 0.9
	20.42 ± 0.9
	21.20 ± 2.5
	21.20 ± 2.5

	Height (m)
	  1.67 ± 0.1
	  1.67 ± 0.1
	  1.62 ± 0.1
	  1.63 ± 0.1
	  1.60 ± 0.1
	  1.60 ± 0.1

	Body Mass (kg)
	53.49 ± 6.9 
	52.67 ± 4.4
	54.31 ± 9.0
	55.65 ± 8.7
	51.45 ± 6.3
	50.78 ± 8.0

	BMI (kg·m-2)
	19.95 ± 1.8
	  18.8 ± 1.4
	20.51 ± 2.6
	  21.2 ± 2.7
	20.21 ± 2.1
	19.85 ± 2.5

	Waist Circumference (cm)
	68.93 ± 7.3
	65.83 ± 4.9
	70.73 ± 7.0
	71.78 ± 8.0
	67.82 ± 5.9
	66.48 ± 4.6

	Hip Circumference (cm)
	88.15 ± 8.2
	93.67 ± 3.5
	91.32 ± 4.4
	93.53 ± 5.7
	89.42 ± 5.0
	89.45 ± 6.2

	W/H Ratio
	  0.79 ± 0.1
	  0.70 ± 0.0
	  0.77 ± 0.1
	  0.77 ± 0.1
	  0.76 ± 0.1
	  0.74 ± 0.0

	Body Fat (%)
	18.74 ± 5.8
	18.07 ± 4.4
	21.32 ± 7.2
	21.52 ± 7.7
	18.64 ± 8.1
	17.12 ± 6.7

	Fat Mass (kg)
	  9.98 ± 3.5
	  9.67 ± 3.2
	11.59 ± 4.4
	12.09 ± 4.9
	  9.55 ± 4.2
	  8.54 ± 3.5

	Lean Body (%)
	81.26 ± 5.8
	81.93 ± 4.4
	78.68 ± 7.2
	78.48 ± 7.7
	81.36 ± 8.1
	82.88 ± 6.7

	Lean Body Mass (kg)
	43.15 ± 7.0
	43.00 ± 1.1
	42.72 ± 8.3
	43.56 ± 7.6
	41.90 ± 7.0
	42.25 ± 8.8


Data expressed as mean ± SD; n = 20 per group; BMI = Body Mass Index; W/H = Waist to Hip Circumference

Heart Rate and Blood Pressure
Heart rate and blood pressure at rest for each of three groups are shown in Table 2. There were no statistically significant differences in HR, systolic and diastolic blood pressure (SBP and DBP), pulse pressure (PP), mean arterial pressure (MAP), and rate-pressure product (RPP) between the three groups both before and after intervention.
Table 2. Heart Rate and Blood Pressure at Rest in the Control Group, the Leg Cycling Exercise Group, and the Arm Swing Exercise Group Before and After Intervention.

	
	              Control
	    Leg Cycling Exercise
	  Arm Swing Exercise

	
	     Before
	    After
	      Before
	      After
	     Before
	     After

	HR (bpm)
	  78.00 ± 9.9
	83.00 ± 11.4
	  86.84 ± 10.8
	  88.88 ± 13.9
	  78.45 ± 9.5
	  88.00 ± 14.9

	SBP (mmHg)
	107.10 ± 7.4
	98.00 ± 10.6
	106.11 ± 11.6
	103.76 ± 15.5
	103.55 ± 11.8
	102.09 ± 10.6

	DBP (mmHg)
	  67.20 ± 7.0
	65.00 ± 3.5
	  65.26 ± 7.4
	  62.71 ± 7.1
	  65.20 ± 5.9
	  66.36 ± 9.2

	PP (mmHg)
	  39.90 ± 7.3
	33.00 ± 12.2
	  40.84 ± 8.2
	  41.06 ± 11.7
	  38.35 ± 9.6
	  35.73 ± 9.5

	MAP (mmHg)
	  80.50 ± 6.3
	76.00 ± 3.5
	  78.88 ± 8.1
	  76.39 ± 9.1
	  77.98 ± 7.0
	  78.27 ± 8.6

	RPP (mmHg·bpm)
	  8306.30 

  ± 778.3
	8150.00 

± 1551.7
	  9230.74 

  ± 1626.1
	  9283.59 

  ± 2288.3
	  8138.75 

  ± 1407.2
	  8969.18 

  ± 1799.1


Data expressed as mean ± SD; n = 20 per group; HR = Heart Rate; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; PP = Pulse Pressure; MAP = Mean Arterial Pressure; RPP = Rate-Pressure Product
Cardiac Autonomic Activity

Cardiac autonomic activity at rest including mean RR, SD1, SD2, RMSSD, pNN50, TP, VLF, LF, HF, LF/HF ratio, resting HR, HR reserve, and HR recovery of the CT, LCE, and ASE groups are presented in Table 3. None of the variables were significantly different between the three groups either before or after the intervention.
Table 3. Cardiac Autonomic Activity in the Control Group, the Leg Cycling Exercise Group, and the Arm Swing Exercise Group Before and After Intervention.
	
	              Control
	  Leg Cycling Exercise
	  Arm Swing Exercise

	
	    Before
	      After
	   Before
	    After
	   Before
	    After

	Mean RR (ms)
	723.0 ± 105.7
	706.0 ± 119.0
	664.7 ± 85.4
	631.2 ± 93.0
	711.6 ± 91.4
	646.6 ± 107.1

	SD1 (ms)
	20.55 ± 13.8
	24.13 ± 8.3
	17.72 ± 11.4
	20.73 ± 7.7
	19.41 ± 16.1
	27.12 ± 11.7

	SD2 (ms)
	68.60 ± 16.2
	82.71 ± 38.5
	67.29 ± 27.7
	77.53 ± 20.8
	74.90 ± 34.4
	90.58 ± 26.1

	RMSSD (ms)
	29.12 ± 19.5
	34.13 ± 11.6
	29.34 ± 10.9
	35.09 ± 16.1
	28.39 ± 16.6
	37.46 ± 22.9

	pNN50 (%)
	14.53 ± 7.1
	14.93 ± 4.9
	13.31 ± 3.5
	13.86 ± 3.1
	14.57 ± 8.1
	17.72 ± 7.0

	TP (ms2)
	4100.73 
	4083.17 
	4314.10 
	4105.28 
	4442.88 
	3980.63 

	
	± 1280.2
	± 1286.1
	± 1317.0
	± 1271.7
	± 1364.9
	± 1281.3

	VLF (ms2)
	2866.85 
	2430.99 
	2803.26 
	2328.34 
	2857.79 
	2129.99 

	
	± 682.1
	± 677.2
	± 619.0
	± 798.1
	± 728.9
	± 615.6

	LF (ms2)

	1697.1 

± 275.2 
	1703.7 

± 260.5
	1709.8 

± 281.4 
	1600.5 
± 285.0
	1704.4 
± 272.1
	1560.3 
± 276.2

	HF (ms2)

	1450.9
± 125.8
	1269.5 
± 121.2
	1339.6 
± 124.1
	1480.0 
± 120.6
	1358.5 
± 122.1
	1469.8 
± 124.0

	LF/HF Ratio
	  1.25 ± 0.23
	  1.27 ± 0.14
	  1.23 ± 0.16
	  1.14 ± 0.18
	  1.28 ± 0.21
	  1.15 ± 0.19

	Resting HR (bpm)
	86.84 ± 10.8
	83.00 ± 11.4
	88.88 ± 13.9
	78.00 ± 9.9
	88.00 ± 14.9
	78.45 ± 9.5

	HR Recovery (bpm)
	33.67 ± 16.8
	34.80 ± 22.1
	31.44 ± 14.3
	49.16 ± 17.7
	33.09 ± 16.9
	48.00 ± 14.4

	HR Reserve (bpm)
	25.42 ± 9.7
	25.50 ± 9.2
	23.06 ± 8.4
	26.25 ± 11.4
	24.36 ± 12.6
	28.50 ± 11.9


Data expressed as mean ± SD; n = 20 per group; Mean RR = Mean Duration of All Normal to Normal RR Intervals; SD1 = Transverse Diameters of the Poincaré Plot; SD2 = Longitudinal Diameters of the Poincaré Plot; RMSSD = Root Mean Square Differences of Successive NN Intervals; pNN50 = Number of Adjacent NN Intervals Which Differ by More Than 50 ms; TP = Total Power; VLF = Very Low Frequency; LF = Low Frequency; HF = High Frequency; HR = Heart Rate
Exercise Capacity

Within Group Comparison

As shown in Figure 1, there was a significant increase in 6MWD in the LCE group (548.71 ± 53.30 vs. 580.71 ± 46.12 m; P<0.05) and the ASE group (541.09 ± 50.76 vs. 582.55 ± 47.22 m; P<0.05) after training. Such an increase was not observed in the CT group (544.43 ± 52.70 vs. 558.57 ± 45.44 m).

Borg RPD and RPE values were significantly lower after training both in the LCE group (RPD: 4.68 ± 1.97 vs. 3.11 ± 1.65; P<0.05 and RPE: 13.35 ± 2.66 vs. 10.82 ± 2.14; P<0.05) and in the ASE group (RPD: 4.90 ± 1.77 vs. 3.29 ± 1.53; P<0.05 and RPE: 13.58 ± 2.43 vs. 11.76 ± 2.25; P<0.05). Again, such decreases were not observed in the CT group (RPD: 4.56 ± 1.74 vs. 4.10 ± 1.62 and RPE: 13.22 ± 3.19 vs. 12.67 ± 2.31).

Between Group Comparison

The results showed a significant higher 6MWD and lower Borg RPD and RPE values in the LCE and ASE groups compared with CT group after intervention (P<0.05). There were no statistically significant differences in these variables between the LCE and ASE groups after training. In addition, no significant difference in the percent change in 6MWD between the LCE and ASE groups was observed (LCE group vs. ASE group: 5.83 ± 7.12 vs. 7.66 ± 9.32).
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Figure 1. Six-Minute Walk Distance in the Control Group (CT), the Leg Cycling Exercise Group (LCE), and the Arm Swing Exercise Group (ASE) Before and After Intervention. Values are expressed as mean ± SD, n = 20 per group. *Significantly different from before intervention (P<0.05). #Significantly different from the control group (P<0.05).
Peak Oxygen Consumption (VO2 peak)

Within Group Comparison

There was a significant increase in VO2 peak in the LCE group (41.65 ± 2.49 vs. 45.96 ± 3.95 mL·kg-1·min-1; P<0.05) and the ASE group (41.25 ± 3.68 vs. 46.29 ± 4.08 mL·kg-1·min-1; P<0.05) after training. Similarly, such an increase was not observed in the CT group (40.83 ± 3.10 vs. 42.98 ± 3.46 mL·kg-1·min-1) (Figure 2).

Between Group Comparison

The results showed a significant higher VO2 peak in the LCE and ASE groups compared with CT group after intervention (P<0.05). There were no statistically significant differences in VO2 peak between the LCE and ASE groups after training. In addition, there was no significant difference in the percent change in VO2 peak between the LCE and ASE groups (LCE group versus ASE group: 10.35 ± 6.44 vs. 12.22 ± 6.67).
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Figure 2. Peak Oxygen Consumption (VO2 peak) in the Control Group (CT), the Leg Cycling Exercise Group (LCE), and the Arm Swing Exercise Group (ASE) Before and After Intervention. Values are expressed as mean ± SD, n = 20 per group. *Significantly different from before intervention (P<0.05). #Significantly different from the control group (P<0.05).
DISCUSSION

This study compared the effects of arm swing exercise and leg cycling exercise training on exercise capacity and cardiac autonomic activity in sedentary young adults. A comparative investigation of both types of training on exercise capacity and cardiac autonomic activity has not previously been described. The results obtained in this study suggest that sedentary young adults given ASE training have a similar improvement in exercise capacity and VO2 peak to those undergoing the LCE training. However, there were no significant differences in HRV, HR reserve, or HR recovery after training.

VO2 peak refers to the O2 uptake of working organs including heart, lungs, and skeletal muscles during the performance of a high level of physical activity (8). Thus, it determines exercise capacity in which three determinants of cardiac efficiency, pulmonary gas exchange, and skeletal muscle metabolism are concerned (10,22). There is evidence that exercise training results in an increase in peak cardiac output, an increase in arterial O2 content, an increase in O2 delivery to the muscles, and an increase in muscular O2 extraction from the blood (8,33,39). As one’s ability to transport and use O2 improves, exercise can be performed with less fatigue. This is particularly significant for CVD patients whose exercise capacity is normally poorer than that of healthy individuals (33).

Although data from a previous study has shown that a short course of exercise training increased vagal discharge (20), there was not the case in the present study. The lack of observed change in cardiac autonomic activity may be explained, in part, by the subjects’ age, underlying diseases, and prior drug use, alcohol consumption, or smoking. All these factors strongly affect the physiological responses to exercise training (15), and are well known to have an impact on health status, including cardiovascular function and cardiac autonomic activity (11). As to the present study, one might argue that the sedentary subjects were young and had less exposure to such influences, than the older subjects investigated in other studies (34,38). Thus, they presented normal values of pre-training and post-training cardiac autonomic activity. In addition, our subjects were healthy so changes in cardiorespiratory fitness might have occurred more readily than changes in cardiac autonomic activity (32). 
In contrast, cardiac autonomic modifications in response to exercise training can be detected in individuals with pre-existing cardiac autonomic dysfunction such as CVD, diabetes mellitus (DM), and obesity (18,24,30). Also, the absence of significant changes in cardiac autonomic activity may be related to the fact that our experimental design was focused primarily on evaluating the cardiorespiratory adaptations to exercise training. In fact, our results are in accordance with previous studies that documented significant increases in both absolute and relative VO2 peak, without an increase in HRV after aerobic exercise training (5,10,37). It is likely that the greater alterations in VO2 than those in HRV may be related to our short-term exercise training program (10). Our intervention did not lead to post-training changes in either HR reserve or HR recovery. These results reflect a balanced interaction between sympathetic and vagal activity of sedentary young adults that could not be altered by short-term exercise training. On the contrary, the positive effects of short-term, low-intensity exercise on cardiac autonomic activity have been previously described in individuals with cardiac autonomic dysfunction such as occurs during pregnancy (28).

The community-based Cardiovascular Health Study revealed that an increase in HRV was correlated with increased walking distance (40), which supports the link between exercise capacity and cardiac autonomic activity. However, our results did not show that relation. There was only increased in exercise capacity. The findings suggest the possibility that the increased exercise capacity observed in the present study was a result of muscular or respiratory adaptations (1,13). This point is supported by the lowered Borg RPD and RPE values in the LCE and ASE groups, which were observed after leg cycling and arm swing exercise training.

Limitations of this Study

The findings in this study may be linked to the low frequency of exercise training (3 d·wk-1) and/or the short intervention period (2 months). These limitations may also explain the absence of evidence of change in cardiac autonomic activity. Additionally, the present study did not directly measure VO2 peak. However, the VO2 peak obtained from the prediction equation shows the utility and reliability of the 6MWT for predicting maximal aerobic power (7).
CONCLUSIONS

This study showed that arm swing exercise training 30 min·d-1, 3 d·wk-1 for 8 wks improved exercise capacity to an extent comparable with that of leg cycling exercise training. It is likely that the result was due to improved VO2 peak. The effect of a longer period and/or a higher frequency of exercise training should also be investigated, especially with regard to its effect on cardiac autonomic activity.
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