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ABSTRACT 
 
Prasertsri P, Boonla O, Phoemsapthawee J, Leelayuwat N. 
Arm Swing Exercise Improves Exercise Capacity and Oxygen 
Consumption in Overweight and Normal Weight Sedentary 
Young Adults. JEPonline 2017;20(1):111-124. The purpose of 
this study was to investigate the effects of arm swing exercise 
(ASE) training on exercise capacity and cardiac autonomic 
activity in overweight and normal weight sedentary young adults. 
Forty sedentary volunteers were recruited and classified into two 
groups according to their body mass index (BMI). Subjects in 
both groups, overweight (age 20 ± 0.36 yrs, BMI 27.46 ± 1.52 
kg·m-2) and normal weight (age 20 ± 0.66 yrs, BMI 20.50 ± 1.75 
kg·m-2) were matched for age and sex. They took part in the 
ASE training program for 2 months, 30 min·d-1, 3 d·wk-1. Before 
and after carrying out the training program, the 6-min walk 
distance (6MWD), peak oxygen consumption (VO2 peak), heart 
rate variability (HRV), HR recovery, and HR reserve were 
determined for both groups. There were significant increases in 
the 6MWD and VO2 peak in both groups after the ASE training 
(P<0.05). The overweight group showed significantly lower VO2 
peak than that of the normal weight group (P<0.05). However, 
HRV, HR recovery, and HR reserve were not significantly 
changed after the ASE training (P>0.05). The overweight group 



  
 

112

also showed significantly higher resting HR, SBP, DBP, and MAP than the subjects in the 
normal weight group (P<0.05). This study indicates that overweight and normal weight 
sedentary young adults can improve exercise capacity and VO2 peak but not in cardiac 
autonomic activity after 2 months of ASE training. 
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INTRODUCTION 
 
Excess weight and obesity are endemic in developing countries (5). Thailand is also 
undergoing a health-risk transition with these two conditions emerging as an important health 
problem (3). Obesity is the root cause of many related chronic diseases, such as diabetes 
mellitus (DM), hypertension, and cardiovascular disease (CVD) (25). Sedentary lifestyle leads 
to increased body weight and fatness (6). There is an association of both sedentary lifestyle 
and high body mass index (BMI) with increasing risk of CVD (24). Exercise capacity has 
become a well-established predictor of CVD death (2). This capacity decreases with body 
weight in both obese and overweight individuals (35).  
 
Peak oxygen consumption (VO2 peak) is a marker for exercise capacity (37). With increased 
BMI, VO2 peak also decreases resulting in a further decrease in exercise capacity (21). It has 
been shown that regular exercise is associated with higher levels of physical fitness and VO2 
peak, and is associated with a reduced risk of CVD (37). There is a relationship between VO2 
and HR (12). An increase in cardiac parasympathetic outflow, which in turn lowers HR, is 
associated with a greater increase in VO2 peak among sedentary and physically-trained 
individuals (26). 
 
Heart rate variability (HRV) provides indirect information about cardiac autonomic activity 
(19). Reduced HRV is associated with an increase in BMI and hence, an increase in the risk 
of CVD morbidity and mortality (15). A reduction in parasympathetic outflow is directly related 
to reduced HRV and also HR reserve (15, 20). Parasympathetic reactivation is an important 
mechanism of HR recovery and subsequent exercise capacity. Recent research has shown 
that impaired HR recovery following exercise is associated with a higher BMI, suggesting 
parasympathetic dysfunction in obese and overweight individuals (4). Exercise training has 
been shown to successfully modulate cardiac autonomic activity by lessening sympathetic 
and enhancing parasympathetic outflow (36). Accordingly, exercise training has a strong 
beneficial effect on cardiac autonomic activity and, thus appears to offset the negative effect 
of excess weight and obesity on HRV (15). 
 
The arm swing exercise (ASE) has been widely practiced in China and Thailand for over 50 
yrs (28). This type of exercise is classified as low-intensity exercise that is based on the 
approximately 23% level of maximal VO2 and 45% of maximal HR (HR max) (29). A few 
studies (29,39) have revealed the benefits of ASE training on glycemic control, oxidative 
stress, and pulmonary function in type 2 diabetic patients. However, to our knowledge there 
have been no studies on the effect of body weight on the physiological response to low-
intensity exercise training, especially in young adults. The purpose of this study was to 
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investigate the effects of ASE training on exercise capacity and cardiac autonomic activity in 
overweight and normal weight sedentary young adults. 
 
METHODS 
  
Subjects 
Forty healthy young adults were enrolled in the study: (a) overweight [N = 20; 4 males and 16 
females, age 20.06 ± 0.36 yrs, BMI 27.46 ± 1.52 kg·m-2]; and (b) normal weight [N = 20; 4 
males and 16 females, age 20.11 ± 0.66 yrs, BMI 20.50 ± 1.75 kg·m-2]. The two groups were 
matched for age and sex. Before being offered a consent form to participate the subjects 
were informed of their role in the study both verbally and in writing. The consent form and the 
study protocols were in accordance with the ethical standards of the Human Ethics 
Committee of Burapha University (approval no. 40/2557), and as well with the 1964 Helsinki 
declaration and its later amendments. The subjects were not smokers or drinkers. They were 
also free of diseases such as cardiovascular, renal, neuromuscular, orthopedic, and liver as 
determined by preliminary screening with a health questionnaires and physical examinations 
before participation in the study. 
 
Power Calculation 
The WINPEPI program was used to calculate the sample size for this study. Data from 
previous research demonstrated that cycle and ground walk training increased functional 
exercise capacity (30). This study expected to seek a 5% increase in exercise capacity after 
ASE training. The decision was made to require 80% power with a significance level of 0.05. 
Accordingly, the proposed size was 20 subjects per group and the total was 40 subjects. 
 
Study Design and Baseline Measurements 
This study was designed to assess the effect of ASE training on exercise capacity and 
cardiac autonomic activity in overweight and normal weight sedentary young adults. All 
subjects received medical examinations including vital signs, and medical history was taken 
before enrollment. Measurements of height, body mass were taken, from which BMI was 
determined. Body composition was measured in the standing position using a standard 
skinfold caliper. Fat distribution was assessed by measuring waist and hip circumferences 
and their ratio. 
 
Procedures 
Subjects in the overweight and normal weight groups received the ASE training program for 2 
months at a frequency of 30 min·d-1, 3 d·wk-1. Before and after the training, exercise capacity, 
VO2 peak, cardiac autonomic activity, HR recovery, and HR reserve were measured. 
Anthropometric variables and body composition were also measured. The subjects were 
asked to record their dietary intake and physical activity for 3 days (2 weekdays and 1 
weekend day). Data were then analyzed to estimate daily energy intake and expenditure 
(data not shown). An incremental exercise test using an electronic bicycle ergometer was 
carried out to determine HR max (33). The obtained HR was used to calculate the HR 
recovery and HR reserve. 

 
Determination of Exercise Capacity 
A 6-min walk test (6MWT) was used to evaluate exercise capacity. This test has been used in 
clinical trials (10). Subjects were instructed to walk at their usual pace and to walk as far as 
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possible in the available time. The walkway length was 30 m with cones placed at either end 
to indicate turns. The distance that subjects were able to walk over a total of 6 min (6MWD) 
was defined as exercise capacity. Borg ratings of perceived exertion (RPE 6-20 scale) and 
ratings of perceived dyspnea (RPD 1-10 scale) were determined both before and immediately 
after the 6MWT. 

 
Determination of Peak Oxygen Consumption (VO2 peak) 
VO2 peak was estimated using subjects’ 6MWD combined with body weight, sex, resting HR, 
and age according to the following equation (8):  
 
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 (beats·min-1)] - 
[0.191 × age (yrs)] 

 
Determination of Cardiac Autonomic Activity 
Cardiac autonomic activity was determined by HRV using Polar RS800CX. This tool has 
been validated and shown to be reliable for measuring HR (14). The Polar system consists of 
a HR monitor with bundled software (Polar Pro Trainer 5), which is used to derive HRV 
values.  
 
HRV was evaluated with subjects at rest and in a sitting position for 5 min. Analysis of HRV in 
the time domain comprised 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 which differ by more than 50 ms (pNN50), and total power (TP). In the frequency 
domain the analysis included the values of very low, low, and high frequency intervals (VLF, 
LF, and HF), and LF/HF ratio. HR recovery and HR reserve obtained from the incremental 
exercise test were also determined as a measure of cardiac autonomic activity. 
 
Statistical Analyses 
 
Data was analyzed using SPSS (IBM Inc. Armonk, NY USA). All data are expressed as mean 
± SD, unless otherwise stated. Student’s t-tests, paired and unpaired, were used to assess 
the differences within each group and between groups, respectively. Statistical significance 
was set at P<0.05. 
 
RESULTS 
 
Physical Characteristics 
Subjects’ physical characteristics are presented in Table 1. Body mass, BMI, waist and hip 
circumferences, W/H ratio, percent body fat, fat mass, percent lean body, and lean body 
mass were significantly higher in the overweight group compared to the normal weight group 
at baseline; and these differences were maintained after the 2-month ASE training (P<0.05). 
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Table 1. Physical Characteristics of Normal Weight and Overweight Groups at Baseline 
and After the 2-Month ASE Training Period. 
  

  Normal Weight Group 

 

     Overweight Group 

    Baseline       After     Baseline       After 

     
Sex (M:F)       4:16       4:16         4:16       4:16 
Age (y)    20  0.66      20  0.66      21  2.36    21  2.36 
Height (m) 1.61  0.06 1.61  0.06   1.67  0.09 1.67  0.09 
Body Mass (kg) 50.8  6.75 50.3  6.82   82.7  14.86# 74.6  7.72# 
BMI (kg·m-2) 19.5  1.75 19.3  1.84   29.5  3.52# 28.0  1.97# 
Waist Circumference (cm) 67.8  5.91 66.7  5.65   92.6  13.20# 88.5  6.89# 
Hip Circumference (cm) 90.0  5.96 91.4  5.61 108.0  6.02#   107 6.38# 
W/H Ratio 0.75  0.05 0.73  0.04*   0.86  0.09# 0.83  0.06# 
Body Fat (%) 20.1  6.60 18.8  6.19   29.6  6.52# 30.7  7.75# 
Fat Mass (kg) 10.2  3.95   9.5  3.58   23.8  6.55# 22.7  5.88# 
Lean Body (%) 79.9  6.60 81.2  6.19   70.4  6.52# 69.3  7.75# 
Lean Body Mass (kg) 40.6  6.71 40.8  6.40   56.9  12.16# 51.9  9.13# 
     

Data are expressed as mean ± SD, N = 20. BMI = Body Mass Index, W/H = Waist to Hip Circumference 
*Significantly different from baseline value (P<0.05), #Significantly different from normal weight group (P<0.05). 
 
Exercise Capacity 
Within Group Comparison 
There was a significant increase in 6MWD after the 2-month period of ASE training both in 
the normal weight group (558.3 ± 59.5 vs. 580.8 ± 49.1 m; P<0.05) and in the overweight 
group (543.5 ± 30.77 vs. 562.7 ± 39.76 m; P<0.05) (Figure 1). Borg RPE and RPD values 
were significantly lower after the ASE training both in the normal weight subjects (RPE: 13.8 
± 2.29 vs. 11.5 ± 1.74; P<0.05 and RPD: 5.05 ± 2.66 vs. 3.16 ± 1.86; P<0.05) and in the 
overweight subjects (RPE: 13.8 ± 2.43 vs. 11.7 ± 2.36; P<0.05 and RPD: 4.20 ± 2.08 vs. 3.25 
± 1.65; P<0.05). 
 
Between Group Comparison 
There were no significant differences in the 6MWD, Borg RPE, and RPD values between the 
normal weight and overweight groups at baseline and after the 2-month ASE training period 
(P>0.05) (Figure 1). In addition, there was no significant difference between groups in the 
percentage change in 6MWD (normal weight group versus overweight group: 4.57 ± 8.37 vs. 
4.33 ± 5.47). 
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Figure 1. Six-Minute Walk Distance of Normal Weight and Overweight Groups at Baseline and 
After the 2-Month ASE Training Period. Values are expressed as mean ± SD, N = 20 per group. 
*Significantly different from baseline value (P<0.05). 
 
 
Peak Oxygen Consumption (VO2 peak) 
Within Group Comparison 
There was a significant increase in VO2 peak in both the normal weight group (39.9 ± 3.05 
vs. 43± 2.83 mL·kg-1·min-1; P<0.05) and in the overweight group (36.3 ± 5.00 vs. 39.3 ± 3.91 
mL·kg-1·min-1; P<0.05) after the 2-month ASE training period (Figure 2). 
 
Between Group Comparison 
At baseline, VO2 peak was significantly lower in the overweight group versus the normal 
weight group (P<0.05). This difference was maintained after the ASE training period (P<0.05) 
(Figure 2). However, there was no significant difference in percent change in VO2 peak 
between the groups (normal weight group vs. overweight group: 9.91 ± 5.08 vs. 8.08 ± 4.93). 
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Figure 2. Peak Oxygen Consumption (VO2 peak) of Normal Weight and Overweight Groups at 
Baseline and After the 2-Month ASE Training Period. Values are expressed as mean ± SD, N = 20 
per group. *Significantly different from baseline value (P<0.05). #Significantly different from normal 
weight group (P<0.05). 
 
 
Cardiac Autonomic Activity 
Cardiac autonomic activity included mean RR, SD1, SD2, RMSSD, pNN50, TP, VLF, LF, HF, 
and LF/HF ratio, resting HR, HR recovery, and HR reserve. Results are shown in Table 2. 
There were no significant differences in these variables after the ASE training period. We 
note that resting HR was significantly higher in the overweight group compared to the normal 
weight group (P<0.05), which was maintained after the ASE training period. 
 
Blood Pressure and Heart Rate 
Heart rate, systolic and diastolic blood pressure (SBP and DBP), pulse pressure (PP), mean 
arterial pressure (MAP), and rate-pressure product (RPP) are shown in Table 3. There were 
no significant differences in these variables after the ASE training period. We note that 
resting HR, SBP, DBP, PP, and MAP were significantly higher in the overweight group 
compared to the normal weight group at baseline (P<0.05), which was maintained except for 
PP after the ASE training period. 
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Table 2. Cardiac Autonomic Activity of Normal Weight and Overweight Groups at 
Baseline and After the 2-Month ASE Training Period. 
  

       Normal Weight Group 

 

       Overweight Group 

       Baseline          After      Baseline          After 

     
Mean RR (ms)   677.2  61.14   658.3  88.68   722.9  108.87   706.1  120.88 
SD1 (ms)     22.5  13.41     24.6  14.00     19.8  10.21     21.2  9.93 
SD2 (ms)     68.3  21.94         88 29.28     76.1  28.17         77 26.86 
RMSSD (ms)     31.8  18.97     34.8  19.80     28.1  14.44     30.1  14.04 
pNN50 (%)     6.65  8.50     6.70  7.99     3.65  4.20     4.35  4.76 
TP (ms2) 3907.4  2946.8 3780.0  3052.6 4736.4  3375.6 4515.1  3602.2 
VLF (ms2) 2658.7  1096.8 2602.6  1291.4 3231.2  1256.1 3144.0  1254.9 
LF (ms2)   597.5  283.57   570.9  288.01   671.7  282.08   615.2  281.40 
HF (ms2)      340  131.12   357.8  117.64      254  114.12   274.8  128.75 
LF/HF Ratio     1.24  2.33     1.17  1.77     2.25  1.34     2.13  3.87 
Resting HR (bpm)   79.00  13.65   77.53  13.94   95.00  16.04#   92.21  13.24# 
HR Recovery (bpm)     25.5  13.33     29.8  12.55     19.6  10.34     23.3  18.51 
HR Reserve (bpm)     44.3  18.37     52.0  15.67     33.4  12.96     34.0  19.30 
     

Data are 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. #Significantly different from normal weight group (P<0.05). 
 
 
Table 3. Blood Pressure and Heart Rate at Rest of Normal Weight and Overweight 
Groups at Baseline and after the 2-Month ASE Training Period. 
  

      Normal Weight Group 

 

       Overweight Group 

        Baseline          After       Baseline         After 

     
HR (bpm)        79  13.65        78  13.94        95  16.04#        92  13.24# 
SBP (mmHg)      105  14.42   102.4  14.97   120.7  9.44#   118.2  9.48# 
DBP (mmHg)     66.3  7.39     63.5  8.08     73.5  7.65#     71.7  8.74# 
PP (mmHg)     38.7  10.95     38.9  12.18     49.0  11.28#     44.7  4.92 
MAP (mmHg)     79.2  8.89     76.4  9.23     88.0  7.24#     88.4  7.97# 
RPP (mmHg·min-1) 9748.1 ± 2368.9 9644.4 ± 1723.6 9333.5 ± 1743.3 9329.4 ± 1790.9 
     

Data are 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. 
#Significantly different from normal weight group (P<0.05). 
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DISCUSSION 
 
This study investigated the effects of a 2-month ASE training period on exercise capacity and 
cardiac autonomic activity in age- and sex-matched overweight and normal weight sedentary 
young adults. The results suggest that the overweight and normal weight subjects given ASE 
training had significantly improved VO2 peak and exercise capacity, although the percentage 
change in these variables following the exercise period did not significantly differ between 
groups. On the other hand, cardiac autonomic activity as measured by HRV, HR recovery, 
and HR reserve was not significantly changed after the ASE training. The overweight 
subjects also showed significantly lower VO2 peak and higher resting HR, SBP, DBP, and 
MAP than those of the normal weight subjects. 
 
Exercise capacity reflects a coordinated response of cardiovascular, pulmonary, and neural 
function along with the function of exercising muscles (18). Overweight individuals have 
impaired exercise capacity (35). In contrast, exercise training may offset this negative effect 
of excess weight. Several health-related benefits have been observed in overweight 
individuals who participate in exercise training programs, even in those without significant 
weight loss (11). Cardiac effects of exercise training include an improved protection against 
ischemia or reperfusion injury as a consequence of higher antioxidative protection and 
improved left ventricular systolic and diastolic function (17). Vascular effects include an 
improved endothelially-mediated vasodilation in conduit arteries and larger resistance arteries 
and increased metabolic vasodilation in small resistance arteries. Vascular regeneration is 
also improved by exercise training (17). Leelayuwat and colleagues demonstrated a potential 
protective effect of ASE training on oxidative stress in type 2 diabetic patients. The increase 
in plasma antioxidant of glutathione and the reduced phospholipid oxidative product of 
malondialdehyde reported in that study may prevent and attenuate vascular complications 
(29). Furthermore, the improvement can enhance vascular function by increasing nitric oxide 
activity (32). This produces a vasodilatory effect and, therefore, allows better transportation of 
O2 to the muscles during exercise. 
 
Results from the community-based Cardiovascular Health Study support a link between 
exercise capacity and cardiac autonomic activity. Those data showed that an increase in 
walking distance was correlated with higher HRV (38). However, this study did not show such 
association. We further note that none of the findings suggests changes in cardiac autonomic 
activity. In fact, HRV is independently associated with exercise capacity (31). An increase in 
VO2 peak seems to play an essential role in improving exercise capacity, which is associated 
with VO2 peak in three ways: cardiac efficiency, pulmonary gas exchange, and skeletal 
muscle function (23). Our results show that ASE training for 2 months increased VO2 peak. 
This increase led to an increase in exercise capacity (9). Possibly, an increase in VO2 peak 
was a result of an increase in peak cardiac output or an increase in O2 extraction from the 
blood. Additionally, changes in the skeletal muscle and the increase in arterial O2 content 
might operate synergistically (37). As O2 transport and extraction increase, exercise with less 
fatigue can be performed. This is a key factor to restore exercise capacity to normal in 
overweight and obese individuals whose exercise capacity is typically lower than that of 
normal weight subjects (27). 
 
Lack of evidence of changes in cardiac autonomic activity might be due, in part, to the 
characteristics of the subjects in this study, such as age, underlying diseases, drug use, 
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alcohol consumption, or smoking (16). These factors strongly influence subject health status, 
including cardiovascular function and thus cardiac autonomic activity at baseline. Sedentary 
overweight and normal weight subjects in the present study were young and healthy. Their 
baseline values of blood pressure and heart rate were within reference ranges. Accordingly, 
changes in cardiorespiratory fitness might easily be observed in the absence of changes in 
cardiac autonomic activity. In contrast, the latter change might be observed in older subjects 
who have underlying diseases associated with cardiac autonomic dysfunction, such as DM or 
CVD (3). The lack of significant changes in cardiac autonomic activity might be related to the 
fact that our experimental design was focused on investigating the effect of body weight on 
the cardiorespiratory response to exercise training. Thus, our protocol made it more likely that 
we would observe the change in cardiorespiratory and muscular fitness. In a similar manner, 
previous studies have not established significant change in HRV after aerobic exercise 
training, although the VO2 peak was markedly increased (8,10,35). 
 
This study demonstrated that HR recovery and HR reserve tended to increase in both groups 
after the ASE training, but the change was not statistically significant. Similarly, there was a 
trend towards a reduction in the subjects’ hemodynamic profile such as resting HR, SBP, 
DBP, and MAP after the ASE training period, but once again without statistical significance. 
These data reflect a balanced interaction between cardiac sympathetic and parasympathetic 
activities of sedentary young adults that could not be altered by short-term, low-intensity 
exercise training program. In this absence of cardiac autonomic change, our results raise the 
possibility that the increased exercise capacity in this study was a result of respiratory or 
muscular adaptation (1,14). This notion is supported by lowered Borg RPE and RPD values 
of the normal weight and overweight subjects after the 2 month ASE training period. 
 
Limitations of This Study  
 
We 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 
(9). In addition, the low frequency of exercise training (3 d·wk-1) or the short intervention 
period (2 months) might be insufficient to reveal a change in cardiac autonomic activity. 
Although data from previous studies support our notion that a short course of exercise 
training increased parasympathetic discharge (23), a greater exercise frequency of 5 d·wk-1 
or a longer training period (i.e., 3 months or more) may result in such physiological and 
physical changes. 
 
CONCLUSIONS 
 
The data from this study suggests that overweight and normal weight sedentary young adults 
given ASE training for 2 months at a frequency of 3 d·wk-1 underwent significantly improved 
exercise capacity and VO2 peak without evidence of changes in cardiac autonomic activity. 
For further study the effect of a higher frequency or a longer period of ASE training should be 
investigated, especially with regard to cardiac autonomic activity. 
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