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ABSTRACT


Huang Q, Manimmanakorn A, Zheng M, Manimmanakorn N, Namboonlue C, La-bantao K. Muscle Oxygenation Changes during Low-Load Resistance Exercise Combined with Different Arterial Occlusion Pressures in Team-Sport Athletes. JEPonline 2025;28 (3):28-39. The purpose of this study was to determine the effects of varying degrees of % arterial occlusion pressure (AOP) with or without low-load resistant exercise on tissue saturation index (TSI) in athletes. Eighteen male team-sport athletes received a blood flow restriction (BFR) protocol at rest and during a knee extension and flexion exercise. No significant change in TSI was detected in the resting state. When compared to baseline, low-load resistance exercise combined with BFR caused a significant decrease in TSI. The study found significant correlation between TSI and cuff pressure at rest and during exercise. A strong correlation was found between TSI and % AOP at rest and with resistance exercise. This study recommends 70%AOP to avoid pain, numbness, and other uncomfortable feelings.
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INTRODUCTION

Reducing oxygen availability while simultaneously undertaking low-load resistance training has become a popular training technique and can be completed by breathing air with lowered concentrations of oxygen or by reducing the blood supply (and thereby oxygen) to the muscles via restricting muscle blood flow. Creating a hypoxic environment by reducing the blood flow to the muscles, also known as blood flow restriction (BFR) or KAATSU training, has been around for almost 40 years. Manini and Clark (19) suggested that such training increased metabolic stress in the working muscles, which produces an enhanced adaptation and improvement in muscular performance (18). This training approach has become popular among athletes for its ability to produce muscle strength gains similar to high-load resistance exercise while minimizing muscle stress (using a much lower resistance), thus allowing athletes to gain or maintain strength with a lower risk of injury (13). 


It is now understood that incorporating BFR during exercise increases metabolic stressors, such as an increase in lactate and hydrogen ions (17), a decrease in oxygen levels (15), and an increase in vascular shear stress (26). Such training also results in a higher level of anabolic hormones including growth hormone and insulin-like growth factor 1 (27). Such changes in the skeletal muscles lead to upregulation of a number of cell pathways that include VEGF and HIF-1a (16) and MTOR (11) to increase protein production and muscle hypertrophy. 

The effects of BFR are influenced by exercise intensity and cuff pressure and the interplay between these two factors requires more research. For example, many studies use low intensity exercise (20 to 60% 1RM) during BFR (32), not only to reduce discomfort but to work the muscle over a longer period of time while other researchers also use high intensity exercise (80% 1RM) in an attempt to increase adaptation (31). BFR can also be applied intermittently (7) to allow for sufficient recovery between efforts, or continuously to heighten metabolic perturbations within the muscle 
 ADDIN EN.CITE 
(9,24)
. 


Despite its significance, the literature presents inconsistent findings concerning the effects of cuff pressure during BFR training. For example, Meireles et al. (20) reported differing effects on tissue saturation index (TSI) across cuff pressures of 20 mmHg, 100 mmHg, and 190 mmHg during isometric exercise with a significant reduction observed only at 190 mmHg, which suggests hypoxia at the level of the muscle required a considerably high cuff pressure. Mouser et al. (23) reported a significant reduction in arm blood flow in participants even at low cuff pressures (10%AOP) and 40 to 90%AOP showed similar blood flow in all 3 types of cuff width: 5,10, and 12 cm. This suggests that high cuff pressure and cuff width may not be necessary for muscle hypoxia.


To have effective and efficient BFR training protocols there needs to be a better understanding of the relationship between cuff pressure and muscle oxygenation. We know there is reduced blood flow to the skeletal muscle particularly at about 50% of arterial occlusion pressure (12), which is probably compensated by the  increase in oxygen extraction at the muscle. What we need is more information on the effect of cuff pressure on oxygen levels at the muscle to be able to select the most appropriate pressures to produce a suitable hypoxic environment to cause adaptation during low-load resistance training. Therefore, the purpose of this study was to examine the oxygen concentration changes at the level of the muscle at rest and during typical low-load resistance exercise in response to changes in cuff pressure and explore the correlation between tissue oxygen saturation and cuff pressure.

METHODS

Participants

Eighteen male team-sport athletes that included 12 soccer and 6 basketball players (age: 20.3 ± 1.1, height: 176.2 ± 7.4, weight: 67.6 ± 9.1, body mass index: 21.7 ± 2.2, and resting heart rate: 1.6 ± 10.1) were randomly recruited at Khon Kaen University to participate in this research study. All athletes had participated in team sports for at least 2 years, and they did not participate in other specialized resistance or blood flow restriction exercises during the experiment or within the last 3 months. Prior to testing, the participants completed a medical screening questionnaire to ensure that they had no cardiovascular or hematological contraindications to BFR, such as hypertension and blood coagulation impairment. All the participants performed the testing in the afternoon (1 to 4 pm), after refraining from caffeine and alcohol intake for 48 hours prior to the experimental day. This study was approved by the Ethics Committee of Khon Kaen University.

Procedures 

The purpose of this study was to investigate the effects of different arterial occlusion pressures on acute tissue oxygenation. The participants were informed of the procedures and the precautions before the experiment. 

All the participants were asked to visit the lab twice. On the first visit (day 1), the participants were asked to measure the complete occlusion pressure (100%AOP) for estimating the level of 40, 55, 70, and 85%AOP at the popliteal or posterior tibial artery using ultrasonography with linear probe (LOGIQ e, from GE Model Co., Ltd., USA). At every level of cuff pressure, the participants’ tissue saturation index (TSI), heart rate (HR), pulse oxygen saturation (SpO2), and total hemoglobin (tHb) of the rectus femoris muscle during cuff-on upper thigh were measured. After a 15 min rest, each participant performed 1 repetition maximum (1 RM) of knee extension by using a stationary machine (Nautilus One TM S6LE, USA). During the second visit on day 5 that allowed for 4 days of rest (22), each participant performed knee extension exercises for 15 repetitions at 50%1RM at 5 levels of cuff pressure: 0%, 40%, 55%, 70%, and 85% of their occlusion pressures.


The participants received standardized exercise training instructions, and they were carefully monitored throughout the process to ensure that they followed the standardized exercise appropriately. The rate of perceived exertion (RPE) was taken (Borg CR 6-20) to monitor the subjective effort of the athletes. The TSI, tHb, HR, and SpO2 were measured during BFR (on day 1) and BFR with exercise (on day 5).



All the participants underwent 10 minutes of warm-up and stretching and then bilateral knee extension (from 0° to 90°, where 90° represents full extension) using an isotonic leg extension machine (Nautilus inspiration, USA) in a seated position. In the exercise intervention, the resistance intensity was set at 50%1RM. A 9-cm wide pneumatic compression belt (Model: BLT-00110-00, B Strong Training, Thailand) was used for blood flow restriction. During the exercise, the cuff was strapped to the participant's non-dominant leg proximal to the upper third of the thigh. For the safety of the participants, the initial cuff pressure was set at 40 mmHg.  Each time the pressure increased by 40 mmHg, paused for 30 seconds, and returned the pressure to 0 mmHg, repeating the same procedure until the desired pressure value for the exercise was reached (0%, 40%, 55%, 70%, and 85% of AOP). During the collection of data, the researchers did not find any adverse reactions in the participants.


Measurements / Instruments

At the participant's first visit, knee extension of the non-dominant leg (from 0° to 90°, where 90° represents full extension) was performed using an isotonic leg extension machine. The initial weight for the test was half of the maximum force that the test participant believed they could perform. If the participant could complete 10 knee extensions (10 reps), then the resistance gradually increased until the number of reps that could be completed was only 10. 1RM was then calculated using the formula (5): 1 RM = weight lift / [1.0278- (0.0278 × reps)].

Tissue saturation index (TSI) is the difference between the amount of oxyhaemoglobin and oxyhaemoglobin + deoxyhemoglobin as a percentage, which is considered an indicator of muscle activation. It was calculated using the formula: TSI = [O2Hb]/([O2Hb] +[HHb]) *100%.

According to the results of Feldmann et al. (10), near-infrared spectroscopy (NIRS) is repeatable and reproducible in monitoring muscle oxygenation in the 0% - 100% range. After arriving at the laboratory, the athletes attached a near-infrared spectroscopy (NIRS; Moxy Monitor, MOXY -3, USA) to the rectus femoris muscle of their non-dominate leg, and the trajectory and pattern of oxygen content changes in the athlete's muscle tissue during the entire exercise process were continuously detected. The sensor probe was placed longitudinally and evenly on the longitudinal plane of the rectus femoris muscle belly 10 to 12 cm away from the upper edge of the patella of the participant's leg. 

The longitudinal axis of the probe was fixed parallel to the thigh with an elastic bandage. This study used black nylon cloth to cover the sensing probe to obtain more accurate data. Before testing, the participants’ muscle area was cleaned, and any excess hair was removed to avoid interference with signal reliability. The NIRS used one light emitting diode sequentially sending light waves in 4 different wavelengths (630 to 850 nm) into the underlying tissue, with source detector separation of 12.5 and 25 mm in the default mode. The NIRS has sensor calculate new TSI and tHb readings every 2 seconds. The displayed value represents the average of the 5 most recent readings. The output frequency of the near-infrared spectroscopy device was 0.5 Hz (10).


A wireless finger pulse oximeter (Pulse Oximeter, JPD-500D, Thailand) was used to monitor the participants’ HR and SpO2 at the end of each exercise set. According to the previous results, SpO2 readings lag behind the patient's physiological state (4 to 20 seconds) (30). Therefore, this study recorded and analyzed the lowest pulse oximetry value within 30 seconds after each exercise set and the immediate heart rate value.


Statistical Analyses


After applying the Shapiro-Wilk test to verify normal distribution, a one-way analysis of variance was used to conduct between-group analysis, and a Bonferroni post hoc analysis was performed to adjust for multiple comparisons. The differences between blood flow restriction and blood flow restriction combined with low-load resistance training were determined by a paired t-test. All results are expressed as mean ± standard deviation (SD). A P-value less than or equal to 0.05 was considered statistically significant.

RESULTS


The relative conversion values between the participants’ pneumatic cuff pressure and arterial vascular occlusion pressure are presented in Table 1.

Table 1. Relative Value of Cuff Pressure and Arterial Occlusion Pressure.

		Variable

		Value 1

		Value 2

		Value 3

		Value 4

		Value 5



		Cuff Pressure （mmHg）

		0

		120

		160

		200

		240



		Estimate AOP (%)

		0

		40

		55

		70

		85





The participants’ ratings of perceived exertion (RPE) increased during low-load resistance exercise with BFR compared to BFR alone (P < 0.05), but the perceived exertion did not significantly increase between cuff pressures (Figure 2).



Figure 2. RPE of Athletes at BFR and During BFR+Ex with Different Levels of Blood Flow Restriction. Values presented as mean ± SD. Note: * = Significant differences between BFR alone and BFR with low-load exercise at different cuff pressure levels (P < 0.05).


The addition of low-intensity exercise to BFR resulted in a significant decrease in TSI compared to BFR alone (P < 0.05). The TSI decrease was exacerbated even further during BFR with low-load exercise when the occlusion pressure reached 55% and above (Table 2).


Table 2. The Changes of TSI, SpO2, HR, and tHb at BFR and during BFR with Low-Load Resistance Exercise with Different Cuff Pressures.


		Parameters

		Cuff Pressure (% AOP)

		P-value


(Overall


difference)



		

		0

		40

		55

		70

		85

		



		TSI (%)

		BFR

		  67.6 ± 7.8

		63.9 ± 7.2

		63.5 ± 7.1

		  63.8 ± 6.6

		63.1 ± 6.6

		0.397



		

		BFR+Ex

		 35.7 ± 8.7*

		 29.6 ± 5.9*

		  26.6 ± 5.9*a

		17.5 ± 6.0*abc

		16.1 ± 6.2*abc

		0.000



		SpO2 (%)

		BFR

		 99.0 ± 1.1

		98.9 ± 1.2

		99.2 ± 0.9

		  99.0 ± 1.0

		99.2 ± 0.9

		0.912



		

		BFR+Ex

		 97.8 ± 1.0*

		 97.7 ± 1.6* 

		 98.0 ± 1.4*

		  97.9 ± 1.4*

		97.8 ± 1.3*

		0.960



		HR (bpm)

		BFR

		71.5 ± 10.1

		  72.1 ± 11.4 

		  72.8 ± 11.8 

		  73.8 ± 11.4

		74.7 ± 11.1

		0.925



		

		BFR+Ex

		 88.1 ± 14.6*

		   84.8 ± 15.2* 

		  87.6 ± 15.9* 

		  91.4 ± 13.4* 

		93.6 ± 15.6* 

		0.466



		tHb (g/dL)

		BFR

		 12.4 ± 0.3

		12.5 ± 0.3 

		12.5 ± 0.3 

		  12.5 ± 0.3 

		12.5 ± 0.3 

		0.995



		

		BFR+Ex

		 12.5 ± 0.3

		12.6 ± 0.3 

		12.5 ± 0.3 

		  12.6 ± 0.4 

		12.6 ± 0.3 

		0.774





Values presented as mean ± SD. Abbreviates: TSI = Tissue Saturation Index, SpO2 = Pulse Oxygen Saturation, HR = Heart Rate, tHb = Total Hemoglobin. Note: * = Significantly difference between BFR and BFR+Ex (P < 0.05), a = Significantly difference with 0% AOP (P < 0.05), b = Significantly difference with 40% AOP (P < 0.05), c = Significantly difference with 55% AOP (P < 0.05).


Although there was no significant difference of TSI during rest with BFR at all occlusion levels. This study found a strong correlation between TSI and cuff pressure levels in BFR (r = - 0.925, P = 0.024) and BFR+Ex (r = - 0.957, P = 0.011) (Figure 3).

		

		





Figure 3. Correlation Between TSI and Cuff Pressure in BFR and BFR+Ex.


TSI did not decrease linearly with exercise when cuff pressure increased, but in the BFR state, the response was more linear (Figure 4).
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Figure 4. Relationship between TSI and Cuff Pressure is Not Linear during BFR and BFR+Ex.

DISCUSSION


The goal of this study was to explore muscle oxygenation of acute responses to different levels of BFR during rest and low-load resistance exercise combined with blood flow restriction. The main finding of this study is that with an increase in the occlusion pressure, the arterial flow to the muscle is reduced. The muscle can maintain its oxygen delivery very well in BFR during rest. However, when combining BFR and exercise even at a low occlusion pressure, we found a significant decrease in the oxygenation of the working muscle. This is exacerbated even more when the occlusion pressure is increased more. This study showed that there is sufficient blood flow to maintain oxygen levels during BFR at rest, but BFR plus exercise uses more oxygen, therefore the blood flow cannot keep up with the required oxygen levels and so the tissue oxygenation is decreased.  Moreover, there is no vasodilation and increase in blood flow to the working muscle area due to THb not increasing.


Previous studies have demonstrated that non-exercise BFR can reduce blood flow, thereby limiting the blood's capacity to transport oxygen and, consequently mitigating post-immobilization muscle strength loss and atrophy (6). This study suggests that during exercise, TSI decreases to resting levels, regardless of the cuff pressure applied (0%, 40%, 55%, 70%, and 85% AOP). BFR is thought to reduce venous return, restrict oxygen delivery to the muscles, thus creating a hypoxic environment in muscle tissue that results in an imbalance between oxygen delivery and muscle cell respiratory demand, which leads to a decrease in TSI (28). This is as expected and in agreement with previous studies on resistance exercise combined with BFR. Bartolomei et al. (2) studied 10 participants and found that TSI was significantly reduced (P < 0.05) during exercise with cuff pressures of 40%, 60%, and 80% AOP compared to pre-exercise.


Existing research shows that lower cuff pressures allow some blood flow, and as cuff pressure increases, blood flow in the vessels decreases, which leads to lower blood oxygen content that further restricts oxygen delivery and a significant decrease in TSI (29). Another study suggests that the effect of cuff pressure on TSI may be nonlinear (23) that is similar to this study (Table 2). This means that TSI may not continue to decrease with increasing cuff pressure. Instead, in some cases, TSI may show an initial decrease followed by a plateau or slight increase as pressure increases (14). However, the mechanisms behind the response are unclear and may be related to capillary recruitment, neural reflexes, muscle fiber type, etc.


This study found that the cuff pressure at 70% and 80%AOP showed no statistical difference in TSI between the two points. This result suggests that for athletes, cuff pressure may not be “the higher the better,” although in theory the higher cuff pressures should be more beneficial for muscle activation, since higher cuff pressures have a more drastic muscle oxygenation response that increases the risk of adverse physiological reactions in athletes (4) and it is not completely without risk (25). In certain circumstances, the probability of unsafe events such as venous thrombosis and embolism is increased (1,8). Thus, 70%AOP is recommended for young Asian team sport athletes when combined BFR with a low-load resistance exercise.


This study showed that the heart rate gradually increases when cuff pressure increase. This indicates an oxygen demand of working muscle during BFR with exercise. However, this demand is compensated by an increase in the heart pumping the blood through the hypoxic area. The SpO2 did not change significantly during BFR with exercise when compared to the baseline, which implies that the overall oxygen demand may not affect blood oxygen saturation but is compensated by cardiac contractility. 


Studies have shown a negative correlation between cuff pressure and TSI even at rest. This is similar to previous reports (21). When cuff pressure increases, it compresses the blood vessels below the cuff, resulting in a decrease in TSI (3). However, some reports have shown that the relationship between cuff pressure and TSI is not completely linear. The results of this study showed that when the cuff pressure reaches a certain pressure, the additional rate of decrease in TSI is reduced compared to the previous cuff pressure. This is a normal phenomenon. When the cuff pressure reaches the critical point, some blood vessels may have completely closed, and the effect of further increasing pressure on blood flow gradually decreases.


Interestingly, the fact that if using pressures greater than about 55%AOP occlusion pressure, there is an even greater loss of oxygenation in the muscle. Thus, the participants may fatigue more (RPE increases) when using such pressures. As cuff pressure increases, blood flow decreases further, making it more difficult for the muscles to get oxygen and may produce more metabolic waste product, such as blood lactate (28).


Limitations in this Study


First, this study only monitored the muscle oxygenation signal of the rectus femoris of the non-dominant leg. In subsequent studies, the signal changes of different muscle parts (including dominant and non-dominant legs) should be monitored in the same exercise program to more accurately predict muscle response. Second, the findings may apply only to male athletes. Previous studies have shown that female athletes generally have higher fat content than males, which may affect TSI.

CONCLUSIONS


During low-load resistance exercise, varying degree of blood flow restriction can cause muscle hypoxia. For athletes to obtain higher muscle activation while reducing the risk of exercise, the data recommend using a cuff pressure of 70%AOP combined with a low-load resistance exercise (50% 1RM).
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ABSTRACT

[bookmark: _Hlk197953460][bookmark: _Hlk197953415][bookmark: _Hlk194845384][bookmark: _Hlk194845476]Hanwaree N, Boonsawat W, Punjaruk W, Auvichayapat P, Chumpangern W, Tunkamnerdthai O. Improvements in Systemic Inflammation and Asthma Control Following Aerobic Exercise in Patients with Asthma. JEPonline 2025;28(3):40-52. This research was conducted to examine the impact of aerobic exercise on systemic inflammation and asthma control in patients with asthma. Thirty asthmatic patients were randomly assigned either to the Control Group (CG) or to the Exercise Group (EG). Participants in the CG maintained their usual daily activities, while the EG engaged in aerobic exercise program for 40 minutes a day, 3 days a week for 12 weeks. Systemic inflammation (as indicated by high-sensitivity C-reactive protein; hs-CRP), physical function (as indicated by 4-meter gait speed; 4MGS), and asthma control (as indicated by asthma control questionnaire; ACQ) were assessed before, intermediate (6 weeks), and after intervention (12 weeks). The exercise intervention resulted in a statistically significant decrease in hs-CRP at both the 6-week assessment and the 12-week assessment (P < 0.05). Statistically significant improvements in ACQ scores were observed in the EG at these time points (P < 0.05). The exercise program also led to a faster 4MGS in the EG (P < 0.05) and to a significantly lower body weight after the study period (P < 0.05). The improvements were significantly greater than those observed in the CG (P < 0.05). The findings indicate that aerobic exercise is an effective intervention for improving hs-CRP, 4MGS, and asthma control. Additionally, the aerobic exercise program in this study can contribute to weight reduction in this population.
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INTRODUCTION  



Asthma, a heterogeneous chronic inflammatory airway disease distinguished by variable respiratory symptoms and airflow obstruction over time, is a widespread health problem affecting up to 300 million individuals globally. The burden of asthma has a significant impact, encompassing respiratory symptoms alongside a reduced quality of life, increased absenteeism from work and school, a greater need for emergency and hospital care, and an increase in mortality (16).



The key feature in the pathogenesis and progression of asthma is chronic inflammation, which involves a complex interplay of various immune cells and mediators within the airways and systemically (7). Asthmatic airway narrowing, a consequence of airway inflammation, contributes to airway remodeling, hyperresponsiveness, and the characteristic airflow limitations (5). Asthmatic patients experience reduced pulmonary function, greater fatigue, and lower physical activity and exercise capacity compared to non-asthmatic individuals (9). Additionally, chronic inflammation and respiratory limitations can lead to a decrease in physical activity, potentially causing deconditioning and impaired gait speed and mobility, thereby negatively impacting asthma control and quality of life (2,26). Furthermore, systemic inflammation, often evidenced by elevated levels of circulating inflammatory biomarkers such as C-reactive protein (CRP), has been implicated in the broader impact of asthma, potentially contributing to comorbidities, and influencing overall functional status (32). 



Aerobic exercise, a non-pharmaceutical treatment, is important for reducing the risk of asthma exacerbation, for increasing exercise capacity and reducing the frequency and severity of the disease. In addition, exercise can increase physical activity in asthmatic patients and improve their quality of life (10). To date, studies investigating the effects of aerobic exercise on systemic inflammation, gait speed, and asthma control in asthmatic patients are limited. 



Therefore, the purpose of this study was to examine the impact of a 12-week aerobic exercise intervention on systemic inflammation, gait speed, and asthma control in individuals with asthma. We hypothesized that aerobic exercise would reduce systemic inflammation, enhance gait speed, and improve asthma control in individuals with asthma. By elucidating the potential benefits of aerobic exercise in modulating systemic inflammation and improving functional outcomes in this population, this research seeks to contribute to the evidence base supporting exercise as an adjunctive therapy for asthma management.



METHODS



Study Design and Participants

The methodology of this investigation comprised a single-blind, randomized controlled trial (RCT), executed in adherence to recognized RCT guidelines (19). A blinding procedure was implemented whereby all assessors were unaware of the participants' allocation to study groups throughout the data collection and analysis phases. Ethical approval for the study was granted by the Khon Kaen University Ethics Committee for Human Research, ensuring compliance with the Declaration of Helsinki and the International Conference on Harmonization Guidelines for Good Clinical Practice (Certificate number: HE671089). Prior to participation, all the individuals provided written informed consent. After baseline measurements, the participants were randomly assigned to either the Control Group (CG) or the Exercise Group (EG) through a computer-generated randomization sequence utilizing unique identifiers. Participants in the CG continued their usual physical activity patterns, while the participants in the EG undertook the exercise program.



Following Global Initiative for Asthma (GINA) guidelines (16), outpatients identified as having asthma were enrolled. The participants were recruited from Srinagarind hospital and Nong Rue hospital, Khon Kaen province, Thailand. Disease severity was determined based on current symptoms, pulmonary function tests, and ongoing maintenance therapy. Eligibility required the participants to be adults aged 20 to 65 with asthma, a sedentary lifestyle, not engaged in regular exercise (i.e., fewer than 3 exercise sessions per week, with each session lasting less than 30 minutes). The participants understood they were required to maintain a stable asthma medication dose throughout the study period. Individuals were excluded if they had other respiratory diseases (e.g., chronic obstructive pulmonary disease, respiratory infections), experienced an asthma exacerbation within the previous month, suffered from cardiovascular conditions such as congestive heart failure or ischemic chest pain, had physical limitations (e.g., orthopedic, neuromuscular, or muscular) that hinder exercise performance, or were pregnant.



Power Calculation

The sample size for this study was determined to be 11 participants per group, a calculation based on the difference between the CG and the EG in Asthma Control Questionnaire (ACQ) scores of 0.15 ± 0.03 points (13). This determination incorporated a statistical power of 80% and a significance level of 5%. To account for potential participant attrition, the recruitment target was increased to 15 participants per group, anticipating a dropout rate of 30%.



Measurements

Anthropometry

The weight and height were measured without shoes using a balance beam scale. The body mass index (BMI) was determined using weight and height.



Cardiovascular Measurement

Blood pressure and pulse rate (PR) were measured via an automated monitor (Omron HEM-8712, Japan). Following a 10-minute seated rest period, three readings were taken, and their average was used for statistical purposes.



Systemic Inflammation

To assess systemic inflammation, venous blood samples were obtained from the participants at baseline, at 6 weeks post-intervention, and at 12-week post-intervention. The serum levels of high-sensitivity C-Reactive Protein (hs-CRP) were then measured by a certified medical laboratory to determine the extent of systemic inflammation.



Four-Meter Gait Speed

Gait speed was assessed through 2 consecutive trials of a 4-meter walk performed in a long corridor within a single testing session. The participants walked along 10-meter walkways at their usual and maximum speed.  The time taken to traverse the 4-meter distance was recorded using a stopwatch for each trial. Timed trial was converted to speed in meter/second. The participants initiated and ceased ambulation approximately 2 meters before and after the timed segment, respectively (17).



Asthma Control

[bookmark: _Hlk195193443]Asthma control was assessed using the Thai version of the Asthma Control Questionnaire (ACQ) (28), a five-item global measure of weekly asthma symptoms and daily function. Lower ACQ scores reflect better asthma management. An average score greater than or equal to 1.5 indicates poor control, whereas a score less than 1.5 signifies well-controlled asthma. A change of 0.5 or more points on the ACQ is considered a minimal clinically important difference for asthma control (4). 



Exercise Intervention

The participants engaged in aerobic exercise utilizing a step platform for a duration of 40 minutes per session, which included a 5-minute warm-up and a 5-minute cool-down period. This exercise regimen was performed 3 times per week over a 12-week period, totaling 36 sessions. Adherence to the intervention was defined as completion of at least 29 out of the 36 scheduled sessions.



Procedure of Aerobic Exercise

The exercise intervention, an aerobic exercise program, was administered over a 12-week period, with the participants engaging in 3 sessions per week, totaling 36 sessions. The exercise modality consisted of aerobic exercise performed on a step platform with each session having a duration of 30 minutes. Exercise intensity was maintained at a moderate level corresponding to 55 to 70% of each participant's maximal heart rate (HRmax), calculated according to established guidelines (1). Each session commenced with a 5-minute warm-up, followed by the 30-minute aerobic exercise component, and concluded with a 5-minute cool-down. The exercise program was developed by the researchers based on the American College of Sports Medicine's (ACSM) guidelines for group exercise instructors (12), specifically tailored for individuals with asthma. This program incorporated low-impact movements executed at a cadence of 120 to 130 beats per minute, guided by musical rhythm, and utilized a step platform with a height of 4 inches. The aerobic exercise comprised 10 movement patterns, each performed for 10 repetitions, as detailed in Table I. All exercise sessions were conducted under the direct supervision of a qualified professional. 



Table 1. Movement Patterns for Exercise Intervention.

		

Movement Pattern



		

Count 



		

Duration





		1. V-step

		4 x 8

		30 minutes
(10 repetitions)



		2. Basic in-out

		4 x 8

		



		3. Tap up

		4 x 8

		



		4. Side tap

		4 x 8

		



		5. Knee up

		4 x 8

		



		6. Over the top

		4 x 8

		



		7. Turn step

		4 x 8

		



		8. Cross back

		4 x 8

		



		9. Across the top chasse

		4 x 8

		



		10. Indecision

		4 x 8

		









Statistical Analysis



The normality of the collected data was assessed using skewness and kurtosis tests. Descriptive statistics are presented as means ± standard deviations (SD). Independent t-tests were used for comparisons between the groups, while repeated measures ANOVA was employed to analyze changes within each group across three time points (baseline, week 6, and week 12) to evaluate the intervention's effect. Statistical significance was defined as a p-value less than 0.05. All statistical analyses were conducted using IBM SPSS version 20, and visualizations were created with GraphPad Prism 9. 



RESULTS



Prior to the intervention, statistical analysis revealed no significant differences between the control and exercise groups with respect to demographic, cardiorespiratory parameters, and level of asthma control detailed in Table II. 



Table 2. Baseline Characteristics and Physiologic Data of the Participants.

		

Variables



		

CG 



		

EG



		

p value



		Age (yr)

		  46.80 ± 10.71

		   44.50 ± 13.29

		0.611



		Gender (male/female)

		    4/11

		     4/10

		0.617



		Weight (kg)

		66.48 ± 5.73

		 67.43 ± 4.74

		0.633



		Height (m)

		  1.62 ± 0.06

		   1.61 ± 0.07

		0.699



		BMI (kg·m-2)

		25.42 ± 2.68

		 25.96 ± 3.25

		0.627



		FEV1 (% reversibility)

		15.20 ± 3.65

		 13.14 ± 1.61

		0.063



		FEV1 (L)

		  2.05 ± 0.35

		   2.30 ± 0.75

		0.264



		FEV1 (% predicted)

		  79.60 ± 14.79

		   84.21 ± 11.77

		0.363



		FVC (L)

		  2.84 ± 0.41

		   2.98 ± 0.94

		0.816



		FVC (% predicted)

		  91.87 ± 14.12

		   93.07 ± 13.14

		0.609



		FEV1/FVC

		72.14 ± 6.38

		   76.66 ± 10.00

		0.156



		PR (beats·min-1)

		  82.53 ± 12.25

		 82.96 ± 9.47

		0.992



		SBP (mmHg)

		130.40 ± 12.87

		      126.14 ± 6.75

		0.621



		DBP (mmHg)

		81.00 ± 7.02

		 78.64 ± 5.81

		0.335



		ACQ (score)

		  2.23 ± 0.31

		   2.29 ± 0.22

		0.701





The data are presented as mean ± SD. Abbreviations: CG = Control Group; EG = Exercise Group; BMI = Body Mass Index; FEV1 = Forced Expiratory Volume in the First Second; FVC = Forced Vital Capacity; PR = Pulse Rate; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; ACQ = Asthma Control Questionnaire.





Effect of Aerobic Exercise Program on Body Weight and BMI



Prior to the study, body weight and BMI exhibited no statistically significant differences between the CG and the EG (Figure 1). Following the 12-week exercise intervention, a statistically significant decrease in body weight was observed in the EG compared to the CG at both week 6 (CG: 69.94 ± 9.32 kg, EG: 67.98 ± 6.32 kg) and week 12 (CG: 69.99 ± 9.41 kg, EG: 66.23 ± 6.75 kg) (P < 0.05). Furthermore, within-group analysis revealed a significant reduction in body weight in the EG over the 12-week training period (baseline: 68.86 ± 6.06 kg to week 12: 66.23 ± 6.75 kg) (P < 0.05). In contrast, no statistically significant difference in BMI was found between the 2 Groups over the study period.
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Figure 1. Comparison of Body Weight (A) and BMI (B) Before, Intermediate, and After the Study Period between the 2 Groups. The data are presented as mean ± SD. Abbreviations: CG = Control Group; EG = Exercise Group; BMI = Body Mass Index; *Significant difference between the 2 Groups (P < 0.05). #Significant difference when compared with before intervention (P < 0.05).



Effect of Aerobic Exercise Program on Systemic Inflammation



Systemic inflammation, assessed by hs-CRP levels, is presented for each Group in Figure 2. At baseline, no significant difference in hs-CRP was observed between the 2 Groups. Within the EG, a significant reduction in hs-CRP levels was found from baseline (1.78 ± 0.13 mg/L) to 6 weeks (1.27 ± 0.18 mg/L) and 12 weeks (0.93 ± 0.12 mg/L) post-intervention (P < 0.05). Furthermore, hs-CRP levels in the EG were significantly lower than in the Control Group (CG) at both 6 and 12 weeks of the intervention (P < 0.05). In contrast, the CG showed no significant changes in hs-CRP levels from baseline (1.73 ± 0.18 mg/L) to 6 weeks (1.61 ± 0.21 mg/L) and 12 weeks (1.83 ± 0.29 mg/L) post-intervention.
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Figure 2. Comparison of hs-CR Before, Intermediate, and After the Study Period between the 2 Groups. Data are presented as mean ± SD. Abbreviations: CG = Control Group; EG = Exercise Group; hs-CRP = high sensitivity of C-Reactive Protein; *Significant difference between the 2 Groups (P < 0.05). #Significant difference when compared with before intervention (P < 0.05). †Significant difference when compared with intermediate of the intervention (P < 0.05).

Effect of Aerobic Exercise Program on 4-Meter Gait Speed.



[bookmark: _Hlk195363554]Four-meter gait speed (4MGS) data for each group are presented in Figure 3. At baseline, no significant difference in 4MGS was observed between the 2 Groups. The EG demonstrated a significant increase in 4MGS at usual speed from baseline (1.13 ± 0.07 m/s) to 6 weeks (1.24 ± 0.10 m/s) and 12 weeks (1.46 ± 0.08 seconds) post-intervention (P < 0.05). Furthermore, 4MGS at maximum speed significantly increased after both 6 weeks and 12 weeks of aerobic exercise training (P < 0.05). Additionally, 4MGS at usual speed in the EG were significantly faster than in the CG at both 6 and 12 weeks of the intervention (P < 0.05). In contrast, the CG showed no significant changes in 4MGS from baseline (1.12 ± 0.08 seconds) to 6 weeks (1.11 ± 0.09 seconds) and 12 weeks (1.13 ± 0.08 seconds) post-intervention.
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Figure 3. Comparison of Gait Speed at Usual Speed (A) and at Maximum Speed (B) Before, Intermediate, and After the Study Period between the 2 Groups. Data are presented as mean ± SD. Abbreviations: CG = Control Group; EG = Exercise Group; 4MGS = 4-meter Gait Speed; *Significant difference between the 2 Groups (P < 0.05). #Significant difference when compared with before intervention (P < 0.05). †Significant difference when compared with intermediate of the intervention (P < 0.05).



Effect of Aerobic Exercise Program on Asthma Control



Asthma control data for each study group are presented in Figure 4. At baseline, no statistically significant difference in ACQ scores were observed in both groups.  Following the intervention, with-in group comparison, the participants in the EG demonstrated a significant improvement in ACQ scores, decreasing from 2.20 ± 0.26 at baseline to 1.81 ± 0.21 at 6 weeks post-intervention, and further decrease to 0.97 ± 0.19 at 12 weeks post-intervention (P < 0.05). Between group comparison, ACQ scores in the EG were significantly lower than those in the CG at the end of both the 6-week and 12-week intervention periods (P < 0.05). In contrast, the CG exhibited no statistically significant changes in ACQ scores when comparing the baseline score of 2.21 ± 0.25 with the scores at 6 weeks (2.20 ± 0.16) and 12 weeks (2.20 ± 0.13) post-intervention.
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Figure 4. Comparison of Asthma Control Before, Intermediate, and After the Study Period between the 2 Groups. The data are presented as mean ± SD. Abbreviations: CG = Control Group; EG = Exercise Group; ACQ = Asthma Control Questionnaire. *Significant difference between the 2 Groups (P < 0.05). #Significant difference when compare with before intervention (P < 0.05). †Significant difference when compare with intermediate of intervention (P < 0.05).



DISCUSSION



The current study sought to determine the impact of aerobic exercise on key health indicators in asthmatic patients, specifically examining systemic inflammation, walking speed, and asthma control. The results revealed statistically significant improvements in systemic inflammation, physical function, and asthma control among the participants in the exercise group. Notably, the exercise intervention also led to a decrease in body weight.



The exercise program implemented in this study resulted in a statistically significant reduction in hs-CRP levels, indicating a decrease in systemic inflammation. This finding aligns with previous research demonstrating the anti-inflammatory benefits of physical activity (29). Several studies indicate a relationship between physical activity and reduced systemic inflammation. For example, Juvonen et al. (18) observed decreased levels of hs-CRP in both asthmatic and healthy participants who increased their physical activity over 6 to 12 months (18). Similarly, a study involving individuals with COPD found that higher daily step counts correlated with lower plasma CRP concentrations (24). These previous findings, along with those from our current investigation, strongly suggest a consistent pattern of exercise leading to a decrease in systemic inflammation. 



The development of airway and systemic inflammation in asthma is significantly influenced by oxidative stress, a condition resulting from a disruption in the balance between oxidants and antioxidants (3). This disruption is characterized by the overproduction of oxidants, predominantly reactive oxygen species (ROS), which can be derived endogenously from diverse inflammatory cells or exogenously from environmental exposures (33). Nevertheless, with sustained exercise training, particularly aerobic exercise, the body exhibits an adaptive response characterized by increased expression of antioxidant enzymes. Consequently, a reduction in oxidative stress or an enhancement of antioxidant capacity following exercise training might lead to a diminution in inflammatory processes.

Gait capacity is a prominent determinant of physical function (25). Following a 12-week exercise intervention, the current study observed a significant improvement in 4MGS values, with an approximate increase of 0.33 m/s. This enhanced 4MGS, indicative of improved gait velocity and mobility, may be attributed to a neuromuscular mechanism involving the stimulation of the nervous system and muscles, initiating eccentric contractions. The subsequent muscle activity associated with these improvements likely encompasses both eccentric and concentric phases. It is plausible that the rapid nature of these muscle actions promotes motor unit recruitment and the activation of fast-twitch muscle fibers, thereby contributing to the observed faster and more powerful gait (6).

[bookmark: _Hlk195264457]The findings of the present investigation demonstrated that moderate-intensity aerobic exercise can lead to improvements in asthma control without worsening symptom. Asthma symptom control, a crucial patient-reported outcome, serves as a key indicator in the assessment of asthma management (21). Asthma is characterized by variable respiratory symptoms, including wheezing, dyspnea, chest tightness, and coughing, which fluctuate in frequency, occurrence, and intensity over time. Physical training interventions have been employed as a non-pharmacological approach to mitigate the severity of asthma episodes by enhancing pulmonary ventilation and managing asthma symptoms (11). In this study, a 6-week aerobic exercise program resulted in a 0.4-point decreasing in asthma control scores. Notably, after 12 weeks of training, ACQ scores decreased by 1.23 points, which exceeds the minimal clinically significant difference of 0.5 points (9), suggesting a substantial improvement. Furthermore, the exercise group exhibited a significantly greater improvement in ACQ scores compared to the control group. Therefore, the reduction in asthma symptoms may result from a decrease in systemic inflammation following moderate-intensity aerobic exercise training (11).



Moreover, a 12-week aerobic exercise intervention resulted in decreased body weight in asthmatic patients, aligning with findings from previous research. Earlier studies have similarly reported significant body weight reductions following moderate-intensity aerobic exercise in obese adults with asthma and postmenopausal women with obesity (15,31). Long-term physical activity has also been shown to significantly decrease weight in obese asthmatic individuals (22). The physiological mechanisms contributing to this effect may include the exercise-induced release of growth hormone and catecholamines (20), increased post-exercise oxygen consumption (23,30), and enhanced lipoprotein lipase activity (14). Furthermore, higher energy expenditure during exercise promotes greater body fat reduction (27), suggesting that moderate to higher exercise intensities are more effective for long-term weight and body fat loss (8). Despite these changes in body weight, the study did not observe any significant changes in BMI within or between the groups.



Limitations in this Study



Although aerobic exercise intervention yielded demonstrable benefits in this study, several limitations must be considered. Firstly, factors such as stress, which may influence systemic inflammation in patients with asthma, were not assessed. Secondly, dietary intake, a potential modulator of body weight, was not evaluated. Thirdly, variability in participants' daily physical activity levels was not controlled, potentially acting as a confounding variable. 



CONCLUSIONS



The results of this investigation indicate that aerobic exercise is an effective intervention for improving asthma control and gait speed, as well as mitigating systemic inflammation. Furthermore, the observed reduction in body weight following the aerobic exercise program suggests an additional benefit. Consequently, this exercise regimen utilizing a step platform may present a viable alternative strategy for rehabilitation aimed at enhancing asthma management in relevant patient populations.
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        ABSTRACT



[bookmark: _Hlk197956601]Iemmoree T, Meekum S, Luangpon N, Yuenyongchaiwat K, Keawutan P, Earde PT, Kooncumchoo P.  Improvements in Cognitive Function and Decreased Risk of Falls Following a 12-Week Exercise Program in Older Adults with Pre-Frailty. JEPonline 2025;28(3):53-66. Frailty in older adults increases the risk of falls, impairs physical function, and may lead to cognitive decline. This study examined the effects of a 12-week I-Walk training and home-based exercise program on cognitive function and fall risk of pre-frail older adults. Fifty-three Thai participants (≥65 years of age) with reduced grip strength were randomized into the Control Group, the I-Walk Group, and the Home-Based Exercise Group. The intervention groups trained for 60 minutes, 3 times weekly for 12 weeks. Cognitive function and fall risk were assessed before and after. The data were analyzed using a two-way mixed ANOVA with Bonferroni correction (P<0.05). The I-Walk Group showed improved balance and dual-task walking with calculation (P<0.05). Both exercise Groups improved in walking with word recall (P<0.05, P<0.01), and all Groups showed cognitive gains (P<0.001). The I-Walk and Home-Based Exercises enhance cognitive-motor function and may reduce fall risk in pre-frail older adults.
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INTRODUCTION



Multiple body systems degrade in functionality when a person is frail. A change in one's social and/or economic situation, as well as a change in physical health might bring about frailty. Reduced physical energy is the result of these changes, which can be caused by internal and external sources of stress. According to Chen et al. (5), frailty is commonly seen as a phase that occurs between being in perfect health and experiencing a decrease in functional ability. Previous studies have shown that frailty is more common in people who are older and female, as well as in those who are socially and demographically disadvantaged. Indicators of fragility are present in around 75% of individuals aged 80 and beyond (6). Also, being single, having lower levels of education, and failing health are other risk factors that increase the likelihood of fragility (14,15.21,27) and cognitive decline along with polypharmacy, sarcopenia, frequent falls, limited mobility, frequent hospital admissions, and impaired capacity to perform routine activities are additional factors that may increase the chance of frailty (9). 



Fried et al. (10) studied and categorized the characteristics that indicate frailty phenotype based on 5 physical changes: muscle weakness, slowness, exhaustion, low physical activity, and unintentional weight loss. If an older adult exhibits 3 or more of these changes, they are considered to have frailty. Each factor is assigned 1 point. A total score of 0 points indicates the person is robust (not frail), 1 to 2 points indicate pre-frailty, and 3 to 5 points indicate the person is frail. The average prevalence of frailty among individuals aged 65 and older in community settings is approximately 10%, although this figure can vary widely from 4% to 59.1% depending on how frailty is defined (6).



Movement and physical activity are widely recognized as effective strategies to delay or prevent frailty in older adults. Ferreira et al. (8) indicate that engaging in 40 minutes of exercise per session, 3 days per week for 12 weeks can improve muscle strength, movement speed, and agility in frail older adults. Depending on various factors that define frail individuals, it is likely that 40 to 45 minutes of exercise per session, 3 days per week may also be necessary for 5 months or longer to produce significant changes in frailty status.

Anthony et al. (1) indicates that the efficacy of exercise is variable. Chair-based exercises have demonstrated inconsistent outcomes in the enhancement of mobility, physical functioning, cardiorespiratory endurance, and mental health. Yet, home-based exercise is regarded as an excellent method for enhancing health and mitigating physical decline in older people. Clearly, home-based exercise is easy to implement and it is suitable for the elderly. The elderly find it advantageous to engage in home-based exercise, given that as it necessitates no travel and facilitates autonomous exercise at home. 

A study investigating home-based exercise for frail older adults over 6 months with session lengths ranging from 5 to 60 minutes according to the participant’s ability concluded that adherence to a structured program for 3 months followed by 3 months of self-directed exercise may help delay or alleviate frailty. This enhancement was noted in multiple dimensions of physical performance, nutritional condition, and mental well-being (12). Moreover, dual-task programs that integrate physical activity with cognitive challenges have demonstrated improvements in cognitive function, physical performance, work capacity, mobility, and self-care abilities (17).





A systematic literature review of 21 Randomized Controlled Trials (18) that included 5,262 participants evaluated 8 categories of therapy: Medication management, multimodal therapies, nutrition-only approaches, pharmacotherapy, physical activity, physical exercise combined with protein or nutritional supplementation, placebo, or standard care, and psychosocial or cognitive training. The efficacy of physical activity was advantageous solely when conducted in group environments. Conversely, physical exercise coupled with nutritional supplements, nutritional supplementation alone, cognitive training, group activities, or home visits did not significantly affect the reduction or postponement of frailty. Moreover, personal physical activity, hormone supplementation, or problem-solving training was ineffectual in mitigating frailty (18).



Furthermore, exercise programs tailored for older adults demonstrated variable outcomes in frail persons (2). The data indicates that exercise recommendations for frail older persons may require modification from the standard guidelines for healthy older adults, owing to the differing levels of physical deterioration (25). One issue to sustain regular exercise is the availability of several influencing factors, including barriers and motivators, that impact older persons' engagement in physical activity. This encompasses personal aspects like habits, interests, age, gender, exercise intensity, routines, and health issues.



For older people, engagement in group exercise is a crucial element that promotes physical activity, especially among the elderly. Nevertheless, health issues may impede exercising in this demographic. Generally, older males have a preference for more demanding forms of exercise, while older women show greater interest in healthcare and health education (19).



The utilization of technology to improve exercise or mobility may help elderly folks in improving their physical endurance. In addition, applying mobility aids during exercise may enhance the accessibility of physical activity for senior adults with decreased muscle power, particularly for routines involving large muscle groups, such as leg muscles. This strategy can assist those with restricted mobility by offering enhanced opportunities for exercise or physical activity.



As an example, the I-Walk walking trainer is a device engineered to replicate stair-climbing workouts, employing an electric motor to augment mobility during walking exercises. The apparatus improves patient ambulation and mobility using a motorized system designed for exercise support.



A study investigating the effectiveness of the I-Walk walking trainer on ambulation in persons with chronic stroke revealed improvements in cardiovascular endurance, balance, and walking speed after 30-minute training sessions with the I-Walk device that was performed 3 times weekly for 8 weeks. This research illustrates that the utilization of walking aids can enhance patients' likelihood of restoring their physical function (13,20).

Considering the lack of prior research assessing the efficacy of the I-Walk walking trainer and the unclear results concerning the impact of home-based exercise on physical changes in older adults at risk of frailty, the researchers sought to investigate the effectiveness of the I-Walk walking trainer and home-based exercise on cognitive function and fall risk in this population.



METHODS

	

Participants

The study involved 54 older persons at risk of frailty, all Thai, including both genders, aged 65 years and older. They obtained a score of 1 to 2 points on the frailty scale as per the criteria established by Fried et al. (10), signifying a pre-frailty state. They also demonstrated decreased handgrip strength, which is a risk marker for frailty. All the participants demonstrated the ability to comprehend, articulate, and compose in Thai.



Participants were excluded from the study if they exhibited a resting heart rate exceeding 120 beats per minute, blood pressure above 180/120 mmHg, uncontrolled hypertension, or a medical history of cardiovascular, neurological, or musculoskeletal disorders that impede or interfere with exercise.



Research Procedure

The study was conducted in accordance with the Declaration of Helsinki and approved by the Human Research Ethics Committee of Thammasat University (COA No. 123/2564). The clinical trial registration number is TCTR20220127001. 



Study Methodology

The Control Group participants received health data and were directed to continue their usual daily activities for a duration of 12 weeks. Participants in the I-Walk Group engaged in a 30-minute session with the I-Walk walking trainer. The starting or gradual exercise intensity commenced at 50 steps per minute, accompanied by 3 leg and back stretching exercises 15 minutes before and following each session to facilitate warm-up and cool-down of the body. The intensity of the exercise was increased by increasing the number of steps per minute, based on the participants’ individual capabilities.

The participants in the Home-Based Exercise Group engaged in exercises targeting major muscle groups, comprising 9 movements: supine leg raises, supine hip lifts, alternating knee bends and extensions in a supine position, side-lying leg abductions, trunk rotations while supine, prone leg raises, prone push-ups, seated alternate toe touches with one leg extended and the other bent, and table push-ups.

Each exercise commenced with 10 repetitions tailored to the participants' capabilities that aimed for a moderate degree of exertion. If a subject encounters significant weakness, the repetitions was reduced to 5 per exercise or adjusted according to the participant's ability. If the participant did not experience fatigue after exercise, the repetitions were increased by 5 for each exercise, targeting a total of 30 repetitions for each activity.



Cognitive Function Assessment

Cognitive function was evaluated using the MoCA (Montreal Cognitive Assessment), which measured overall cognitive capacity across 8 domains: orientation, executive function, delayed recall (short-term memory), attention, computation, naming of animals and objects, and abstraction. The cumulative score for this evaluation was 30 points.



A fall risk assessment was performed utilizing the Timed Up and Go (TUG) test in both single-task and dual-task modalities. In the TUG single-task, the participants were directed to walk 3 meters in a straight line, turn around, and return to their initial position, repeating this pattern twice (22). In the TUG dual-task, the participants were instructed to execute cognitive activities, such as numerical subtraction or object naming, while ambulating to evaluate the effects of split attention on mobility and balance.



Statistical Analysis



This study used a one-way ANOVA to examine the baseline characteristics of people across the 3 Groups. A two-way mixed model ANOVA was employed to analyze changes in primary and secondary variables both within and across the 3 Groups. A post-hoc analysis employing the Bonferroni test was conducted to identify specific differences among the research groups. A significant level of 0.05 was set for all statistical analyses.



RESULTS



Table 1 presents the baseline data prior to the exercise intervention for the participants at risk of frailty in the Control Group, the I-Walk (walking trainer) Group, and the Home-Based Exercise Group.



		Participants

		Control 

Group

(Mean ± SD; 

n = 18)

		I-Walk 

Group 

(Mean ± SD; 

n = 17)

		

Home-Based Group 

(Mean ± SD; 

n = 18)



		P-Value



		

Age (yr) 

		

73.88 ± 5.29

		      

      71.35 ± 4.38

		

70.94 ± 4.37

		

0.139



		Weight (kg)

		  55.90 ± 11.13

		 58.71 ± 11.76

		   61.12 ± 10.60

		0.381



		Height (cm)

		     150.83 ± 8.82

		     153.76 ± 6.70

		   155.77 ± 6.60

		0.146



		BMI (kg/m2) 

		24.53 ± 4.34

		24.77 ± 4.31

		25.09 ± 3.31

		0.918



		Muscle Mass

		21.88 ± 2.67

		22.32 ± 2.08

		23.34 ± 2.50

		0.197



		% Fat

		35.26 ± 5.47

		35.54 ± 4.89

		34.39 ± 4.44

		0.774



		Gait Speed in 4.57 m (s)

		  4.46 ± 0.69

		  4.31 ± 1.20

		 4.56 ± 0.75

		0.715



		Handgrip (kg)

		16.03 ± 4.38

		18.50 ± 4.75

		19.02 ± 5.82

		0.174



		MoCA (score)

		20.67 ± 3.44

		20.12 ± 3.67

		19.06 ± 5.19

		0.507



		TUG (s)

		10.48 ± 1.49

		  9.86 ± 2.37

		10.24 ± 1.79

		0.635



		TUG-Cal (s)

		14.32 ± 3.89

		14.68 ± 4.96

		14.08 ± 3.08

		0.909



		TUG-Naming (s)

		13.83 ± 3.34

		14.71 ± 5.13

		15.46 ± 4.17

		0.522









The results from the analysis of the general characteristics of the participants, as shown in Table 1, revealed no significant differences in age, weight, height, body mass index (BMI), muscle mass, body fat percentage, cognitive function, and fall risk among the 3 Groups of participants.



Figure 1. Shows the Cognitive Scores Before and After 12 Weeks of Exercise Among People at Risk of Frailty in Both the Control and Exercise Groups.





[bookmark: _Hlk195863923]Analysis of cognitive function after 12 weeks of exercise (Figure 1) revealed that all 3 Groups had enhancements in cognitive ability. The participants in the Control Group exhibited an increase from 20.66 ± 0.98 points to 23.22 ± 0.85 points (P < 0.001). The participants in the I-Walk (walking trainer) Group also showed a statistically significant improvement in cognitive function, from 20.11 ± 1.01 points to 23.76 ± 0.88 points (P ≤ 0.001). The Home-Based Exercise Group had a statistically significant enhancement in memory and cognitive ability, increasing from 19.05 ± 0.98 points to 22.66 ± 0.85 points (P < 0.001). However, no significant differences in cognitive and memory performance were found between the 3 Groups.

*





Figure 2. Shows the Balance of Walking Duration Before and After 12 Weeks of Exercise Among People at Risk of Frailty in the Control Group, the I-Walk Training Group, and the Home-Based Exercise Group.

The Single-Task Walking Test (Figure 2) demonstrated that, before and after 12 weeks of exercise, the participants in the I-Walk (walking trainer) Group experienced a significant decrease in walking time (from 9.86 ± 0.46 seconds to 9.40 ± 0.37 seconds); whereas, the Control Group exhibited an increase in walking time (from 10.48 ± 0.45 seconds to 10.99 ± 0.36 seconds) (P = 0.011). Furthermore, both the I-Walk Group and the Home-Based Exercise Group had a propensity for a decrease in walking time after the 12-week exercise program. No statistically significant changes were observed in single task walking performance across the 3 Groups.*





Figure 3. Shows the Dual-Task Walking Duration (Walking While Engaging in Cognitive Calculations) Before and After 12 Weeks of Exercise Among Individuals at Risk of Frailty in the Control Group, the I-Walk Training Group, and the Home-Based Exercise Group.*



**



Figure 4. Shows the Dual-Task Walking Time (Walking While Naming) Before and After 12 Weeks of Exercise Among Participants at Risk of Frailty in the Control Group, the I-Walk Training Group, and the Home-Based Exercise Group.





Regarding Figure 3, the participants in the Control Group exhibited no significant alteration in walking time after 12 weeks (from 14.32 ± 0.95 seconds to 14.00 ± 0.71 seconds; P = 0.749). No statistically significant differences in walking times were seen during the dual-task assessment among the 3 Groups.

The results of the dual-task walking test with name recall after 12 weeks of exercise (Figure 4) show that the participants in the I-Walk (walking trainer) Group (from 14.71 ± 1.03 seconds to 12.90 ± 0.79 seconds) and the Home-Based Exercise Group (from 15.46 ± 1.00 seconds to 13.11 ± 0.77 seconds) exhibited a significant decrease in walking time compared to pre-exercise measurements (P = 0.021 and P = 0.003, respectively). The Control Group exhibited no significant improvement, as walking time remained consistent after 12 weeks (from 13.83 ± 1.00 seconds to 14.03 ± 0.77 seconds; P = 0.782). No statistically significant differences were seen among the 3 Groups in the single task walking condition. 

DISCUSSION

All the participants were elderly individuals at risk of frailty, with a mean age above 70 years. The majority were female, had primary-level education or no formal education, and were generally in good health. Body mass index (BMI) data indicated that the majority of the participants were categorized as overweight (20), and most reported having 1 to 2 chronic diseases. About 50% of the participants in each of the 3 Groups exercised a minimum of 3 times weekly.

The study included a diverse range of characteristics among the older individuals at risk of frailty, since the selection criteria comprised factors such as gender, age, weight, height, and BMI. No significant differences were noted in the overall characteristics of the individuals between the 3 Groups before the intervention. These findings were compared with data from other studies of older adults in the same age group. The values observed in all 3 Groups remained within the normative range for this demographic.

In this study, the participants were selected based on the criteria set by Fried et al. (10) with a principal condition being reduced handgrip strength, thus indicating the risk of frailty. The study revealed that most of the participants demonstrated reduced grip strength (Table 1). All 3 Groups demonstrated a faster walking pace across 4.57 meters than the standard set by Fried et al. (10) that defines frail older individuals as requiring 6 to 7 seconds or more to cover 4.57 meters, depending on gender and height. Furthermore, none of the participants displayed signs of fatigue or unintentional weight loss that are additional indicators of frailty.

The Control Group and the Home-Based Exercise Group displayed moderate-vigorous physical activity levels, with energy expenditures ranging from 1,000 to 1,500 kcal; whereas, the participants in the I-Walk Exercise Group exhibited heightened physical activity levels. Nevertheless, there was variability in the physical activity data among the participants. This discrepancy may arise from dependence on retrospective self-reporting in the physical activity questionnaire, requiring memory retrieval. Considering that most of the participants in this study demonstrated memory and cognitive deficits, the use of a recall-based questionnaire may have led to erroneous or unreliable outcomes due to memory-related flaws.

This study indicated no risk among the participants in any of the 3 Groups, as assessed by the Timed Up and Go (TUG) single-task test, with all the participants finishing the test under 12 seconds (16) or 13.5 seconds (3). The ambulation velocity in the TUG test fell within the normative parameters for community-dwelling older adults aged 70 to 79 years: typically 7 to 11 seconds for males and 8 to 10 seconds for females (25), or 8.39 ± 1.36 seconds (11).

In assessing fall risk via the TUG dual-task test that required the participants to walk while performing arithmetic calculations or recalling names, it was noted that the participants in this study demonstrated longer completion times compared to previous research where the average was 9.82 ± 2.39 seconds (11) or 9.7 seconds in older adults without a history of falls (24). The fall risk threshold is set at 15 seconds (24). Participants in all 3 Groups demonstrated average times approaching this threshold, signifying a slight risk of falling, particularly within the Home-Based Exercise Group. This indicates that performing cognitive tasks while walking may increase the likelihood of falls in elderly adults.

After 12 weeks, memory and cognitive ability enhanced uniformly across all 3 Groups with no significant differences observed among them. Both exercise Groups showed enhancements in memory and cognition; however, the absence of statistically significant differences between them may have resulted from the diverse participant demographics.

Although the I-Walk Exercise Group sustained a moderate exercise intensity, each training session was restricted to 30 minutes, which may be insufficient for substantial cognitive enhancements, unlike other studies utilizing longer exercise durations of 40 to 45 minutes. Despite improvements in MoCA scores across all 3 Groups, the average scores continued to fall below 26, the diagnostic criterion for mild cognitive impairment (28).

The observed improvement in the Control Group may be ascribed to some people partaking in regular physical activity exceeding 3 days per week, potentially leading to beneficial changes in memory and cognitive function, regardless of participation in structured exercise regimens.

The results of the fall risk assessment that was obtained from the single-task balance walking test across the 3 Groups revealed that the participants in the I-Walk training Group executed the test more swiftly than those in the Control Group (Figure 2). However, no significant difference was observed between the Home-Based Exercise Group and the Control Group. Moreover, no statistically significant differences in walking times were detected following 12 weeks of exercise. Both the I-Walk Group and the Home-Based Exercise Group had a trend of reduced walking time compared to their pre-exercise performance, but the Control Group showed a tendency for increased walking time after 12 weeks.

The results may arise from inadequately aligned participant characteristics among the Groups that potentially influenced the findings and resulting in negligible differences in the study. Moreover, the walking durations in the single-task evaluation for all 3 Groups fell within the normative range typically observed in individuals aged 70 to 79 years (11,25). This suggests that prior to the intervention, the participants in all 3 Groups demonstrated a little risk of falling on straightforward walking tasks without cognitive or dual-task involvement. Thus, this may be one of the factors that explain the absence of substantial changes following the 12-week exercise regime.

The results of the fall risk assessment, employing the Balance Walking Test in conjunction with cognitive processing, after 12 weeks of exercise with the I-Walk walking trainer, revealed that the participants exhibited decreased completion times for both walking while performing arithmetic calculations (Figure 3) and walking while engaging in name recall (Figure 4) relative to pre-intervention outcomes. This indicates a reduction in fall risk, even when the job necessitated simultaneous cognitive processing.

The results may stem from poorly aligned participant characteristics among the 3 Groups, potentially affecting the findings and leading to little changes in the study. Furthermore, the walking durations in the single-task assessment for all 3 Groups were within the normative range generally seen in adults aged 70 to 79 years (11,25). This indicates that before the intervention, the participants in all 3 Groups had a little risk of falling on uncomplicated walking tasks devoid of cognitive or dual-task engagement. Consequently, this may be one of the causes elucidating the lack of significant changes after the 12-week exercise program.

Twelve weeks of using the I-Walk walking trainer reduced the participants' completion times for walking while doing arithmetic calculations (Figure 3) and walking while engaging in name recall (Figure 4), according to the results of the fall risk assessment that used the balance walking test in conjunction with cognitive processing. The results were compared to those taken before the intervention. This means that the danger of falling decreased, even when the job included using two or more brain processes at once.

[bookmark: _Hlk195859512]Similarly, participants in the Home-Based Exercise Group had a tendency analogous to that of the I-Walk Group. After 12 weeks of exercise, the duration of the Walking Test paired with name recall diminished, and there was a tendency towards decreasing time in the Walking Test associated with arithmetic computation. In contrast, no changes were observed in the Control Group after 12 weeks. Additionally, there were no statistically significant differences in the walking times for either the arithmetic or name recall dual-task tests when comparing the I-Walk Group, the Home-Based Exercise Group, and the Control Group.

After 12 weeks of exercise, the participants in both the I-Walk Group and the Home-Based Exercise Group were able to complete both types of cognitive walking tasks in less than 15 seconds. This cut-off point indicates that there was a decrease in fall risk during cognitive engagement, according to Shumway-Cook et al. (24). It appears that the participants had an improvement in controlling their body, balance, and posture. Increased blood flow to the brain and stronger leg muscles are two possible mechanisms by which exercise improves cognition (7). Improved cognitive scores corroborate this, indicating enhanced brain function in motor control and maintaining equilibrium.

More specifically, the I-Walk Group exercised at a controlled intensity of 60% to 70% HRmax, which most likely improved cerebral blood circulation. The Home-Based Exercise Group, on the other hand, used only their own weight and the force of gravity to push themselves through their exercises, and there was no way to regulate the intensity. Because of this, it is possible that, in contrast to the I-Walk Group, the intensity was not high enough to cause significant physiological changes in 12 weeks.

Additionally, there was a large variety of functional capacities due to the participants' varied characteristics and the fact that frailty is defined using numerous criteria. Statistically significant changes may not have been seen due, in part, to this variability. To see more obvious physical gains, it may be helpful to choose participants with more similar baseline features.

Previous research on healthy older persons found that their completion times on the dual-task walking tests averaged 9.7 and 9.8 seconds (11,24). Despite the previous research, both training groups had shorter times after 12 weeks. Based on these findings, it appears that the exercise program could potentially improve physical strength and decrease fall risk even more if it were extended beyond 12 weeks.

Limitations in this Study

To better prepare for and meet the difficulties of an aging society, this research adds to our understanding of how to encourage exercise among older persons through home-based exercise and newly developed equipment-based programs. Using the I-Walk walking trainer and other at-home exercise programs, the study presents exercise options that are specifically designed for fragile older people.

Nevertheless, this study does have a few caveats. It did not include elderly people who were already frail, but rather those who were in danger of becoming so. The outcome was a great deal of individual variation in terms of physical attributes, mobility, and fitness. Handgrip strength was the only criterion considered for inclusion, and no adjustments were made for variables such age, gender, weight, height, or exercise frequency. The results might have been affected by these uncontrollable variables. Consider how your height affects your walking speed and how your body weight impacts your handgrip strength. Inconsistencies in the data and a lack of clarity in the study's conclusions may have resulted from this diversity among individuals.

In addition, most of the participants in this study had normal levels of physical fitness, appropriate body proportions, and decent mobility. Their arm and leg muscle strength were also within the usual range for people aged 70 to 79. Since their total physical strength and capacities were still fairly-strong, it is reasonable to question whether handgrip strength alone is an adequate criterion for identifying individuals at risk of fragility.

Therefore, in future studies, using a walking speed of less than 0.8 meters per second as a criterion for participant selection may be more appropriate than relying solely on handgrip strength. Slow walking speed is a highly specific indicator of frailty risk and serves as a good marker of physical performance issues, mobility limitations, and increased risk of dependency in daily living activities. This also suggests a reduced likelihood of older individuals participating in external activities, perhaps leading to heightened social isolation (4).

The I-Walk walking trainer facilitates the adjustment of training intensity by assessing the participant's tiredness level. Nevertheless, the device currently provides only assisted movement that lacks mechanisms to gradually reduce support or introduce resistance during walking. Consequently, the device may insufficiently excite the physical capacities of users, despite a 12-week training duration. Developing a variant of the I-Walk trainer with changeable intensity settings, tailored to the physical capabilities of older individuals, may improve the device's utility for community use and may also lead to more commercial opportunities and breakthroughs in geriatric care and rehabilitation.

Furthermore, this study's home exercise program was tailored to elderly persons who were fragile, had trouble moving around, or had physical limitations including weak muscles or pain and discomfort. Consequently, it is possible that the exercise program and style chosen for this study were not a good fit for the participants' physical ability. The program might not have been hard enough to encourage substantial physical exertion.

The magnitude of the changes in physical performance that were observed may have been impacted by this constraint. This program may be more suited for elderly people with reduced physical capacity or musculoskeletal restrictions, according to the results. Research designs for future studies might take older people with varying physical abilities or age groupings into account.

CONCLUSIONS



Exercise using the I-Walk walking trainer and a home-based exercise program for 12 weeks can improve memory and cognitive function and reduce the risk of falling during cognitive tasks in older adults at risk of frailty.
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MOCA



Baseline	0.98	1.01	0.98	0.98	1.01	0.98	Control gr.	I-walk gr.	Home-based gr.	20.66	20.11	19.05	12-wk	0.85	0.88	0.85	0.85	0.88	0.85	Control gr.	I-walk gr.	Home-based gr.	23.22	23.76	22.66	

score









TUG

Baseline	0.45	0.46	0.45	0.45	0.46	0.45	Control gr.	I-walk gr.	Home-based gr.	10.48	9.86	10.24	12-wk	0.36	0.37	0.36	0.36	0.37	0.36	Control gr.	I-walk gr.	Home-based gr.	10.99	9.4	9.8699999999999992	

(second)







TUG Dual-task (calculation)



Baseline	0.95	0.97	0.95	0.95	0.97	0.95	Control gr.	I-walk gr.	Home-based gr.	14.32	14.68	14.08	12-wk	0.71	0.73	0.71	0.71	0.73	0.71	Control gr.	I-walk gr.	Home-based gr.	14	12.4	12.5	

(second)









TUG Dual-task (word recall)



Baseline	1	1.03	1	1	1.03	1	Control gr.	I-walk gr.	Home-based gr.	13.83	14.71	15.46	12-wk	0.77	0.79	0.77	0.77	0.79	0.77	Control gr.	I-walk gr.	Home-based gr.	14.03	12.9	13.11	

(Second)









image1.jpeg







image10.jpeg








image6.emf
JEPonlineJUNE2025_ Naruemon Leelayuwat.doc


JEPonlineJUNE2025_Naruemon Leelayuwat.doc
PAGE  

3



[image: image1][image: image2.jpg]





JEPonline

Training Effects of Qigong Combined with Muay Thai on Oxidative Stress, Leukocyte Counts, and Telomere Length in Older Adults with Mild Cognitive Impairment

Guang Yang1,2, Narisara premsri1,3, Rujira Nonsa-ard4, Terdthai Tong-un3,5, Orathai Tunkamnerdthai3,5, Apiwan Manimmanakorn3,5, Naruemon Leelayuwat1,3,*

1Exercise and Sport Sciences Program, Khon Kaen University, 

Khon Kaen 40002, Thailand, 2Henan Kaifeng College of Science Technology and Communication, Kai Feng 47500, China, 3Exercise and Sport Sciences Development and Research Group, Khon Kaen University, Khon Kaen 40002, 4Faculty of Public Health, Mahasarakham University, Mahasarakham 44150, Thailand, 5Department of Physiology, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand


ABSTRACT

Guang Yang, Narisara Premsri, Rujira Nonsa-ard, Terdthai Tong-un, Orathai Tunkamnerdthai, Apiwan Manimmanakorn, Naruemon Leelayuwat. Training Effects of Qigong Combined with Muay Thai on Oxidative Stress, Leukocyte Counts, and Telomere Length in Older Adults with Mild Cognitive Impairment. JEPonline 2025;28(3):67-84. This study evaluated the training effects of Qigong combined with Khon Kaen Qigong (KKQ) on oxidative stress, inflammation, and aging in older adults with mild cognitive impairment. The participants were allocated to the Control Group that performed a sedentary life or the Exercise Group that trained 60-minute KKQ/day, 3 days/week, for 12 weeks. Before and after the 12 weeks, lipid peroxidation (malondialdehyde and F2-isoprostane) and antioxidant (vitamin C), leukocyte counts, and telomere length (RTL) were assessed. The training decreased leukocytes (P < 0.05), lymphocytes, and eosinophils (%) (P < 0.01), while increasing malondialdehyde (P < 0.05) without no effect on F2-isoprostane, vitamin C, and RTL. After the training, correlations between RTL and some variables disappeared. In conclusion, the training of KKQ decreased inflammation, without any potential effects on other variables. 


Key Words: Aging, Cognitive Function, Exercise, White Blood Cell

INTRODUCTION

This article presents one of the many outcomes from investigating the effects of Khon Kaen Qigong (KKQ) on various body systems in older adults with mild cognitive impairment (MCI). This exercise intervention has previously demonstrated its impact on many systems including cardiopulmonary (25,50,51), psychological (26), and physical fitness (26) in older adults with normal cognitive function. Interestingly, we just published an article in older adults with MCI that showed KKQ had beneficial effects on cognitive function and spinal structure and movement (49). However, the mechanism explaining the effects has not been reported. Thus, this article is the first to examine the training effects of KKQ on blood molecular mechanisms, including oxidative stress, inflammation, and genetic markers of aging.


MCI is a prevalent condition among the elderly, and it is often considered a precursor to dementia. The prevalence is generally high around the world, and it was the biggest problem (18) affecting physical and mental health and quality of life in the elderly (20) aged over 65 years (2). Among the mechanisms responsible for impaired cognition, oxidative stress, and inflammation are known to play a major role (21,52). This has been confirmed by previous studies that found increased oxidative stress and inflammation markers in MCI patients’ brain tissue (21,52). 

Oxidative stress is harmful to the human body, but a certain oxidative stress level is significant for maintaining the regular activity of the body (37,46). Therefore, research on how to maintain a specific oxidative stress balance is necessary. Lipid peroxidation is a reaction of oxidative stress occurring at lipid molecules in blood circulation and tissue. Mostly used as lipid peroxidation markers are malondialdehyde (MDA) and F2 isoprostane (F2IsoP) (27). Furthermore, inflammation is determined by leukocytes that are primary effector cells of immunity. These cells participate in the inflammatory response to traumatic injuries induced by exercise. 

However, no articles have reported the effects of Baduanjin, Wuqinxi, or Wai Khru Muay Thai on the number of leukocytes and subtype cells. In addition, oxidative stress and inflammation are related to shortening of telomere length (TL), a marker of biological aging in neurons and glial cells in older people with MCI (10). Telomeres along with telomere-binding proteins create “cap” structures to maintain chromosome integrity and to control the cell division cycle (3). Shortened telomere length is linked to defects in hematopoietic and other cells, associated with immune cells’ count in older people (19) and oxidative stress (41). 

Interestingly, TL was related to active lifestyle (47) that was confirmed by the protective effects of endurance training on TL attenuating (5). Thus, exercise intervention that attenuates oxidative stress and inflammation is worth recommending for delaying aging in the older population with MCI.


Recently, we published an article showing that training in KKQ, a very low-intensity exercise (51) improved cognitive function. KKQ is a new mode of aerobic exercise consisting of Baduanjin and Wuxinqi Qigong and Wai Khru Muay Thai. However, this exercise did not have any publication to support its effects on possible molecular mechanisms including oxidative stress, inflammation, and TL. To our knowledge, many previous studies reported that Baduanjin and Wuxinqi exercise improved oxidant marker (malondialdehyde, MDA) and antioxidant marker (superoxide dismutase, SOD) in elderly people of different genders (8), and chronic inflammation in older adults with cognitive frailty (52). However, no studies have reported the effects of Wai Khru Muay Thai on oxidative stress and inflammation in any population. In addition, no previous studies reported the effects of Baduanjin, Wuqinxi, and Wai Khru Muay Thai on TL.

The purpose of this study was to investigate the training effects of KKQ on blood markers of oxidative stress, inflammation, and TL in older adults with MCI. We subsequently examined the correlation between TL and both markers following the effect of KKQ training in the participants. We described TL as blood leukocyte relative TL (RTL) by the ratio (T/S ratio) between the telomere gene (Tel) and the 36B4 gene (SCG). We hypothesize that 12 weeks of KKQ improves all blood markers in sedentary older adults with MCI. In addition, we expect to find an association between RTL and the improved variables due to the training.


METHODS

Research Design

This study was designed as a randomized, open-blind, pre-intervention and post-intervention trial. There are 2 Groups in the intervention: the Control (CG) Group and the Exercise (KKG) Group. The study recruitment followed the Consolidated Standards of Reporting Trials (CONSORT) (42).


Participants 


From June 2021 to September 2022, a total of 50 participants between 60 and 75 years of age were recruited from Khon Kaen, Thailand through Khon Kaen University emails, website, and the surrounding community. During recruitment, all the participants were told verbally and in writing about the experiment before voluntarily participating and signing the consent form. The participants were recruited based on physical examinations, electrocardiography, health questionnaires, physical activity readiness questions (PAR-Q), cognitive impairment assessment (Montreal cognitive assessment, MoCA), and blood biochemistry. 

They were recruited if they had no physical and mental problems or diseases that affect the exercise. Their MoCA scores were lower than 26 (45) and one point added for the participants who had more than 12 years of education (14). They had no family history of any genetic diseases and no physical exercise experience such as Tai Chi, meditation, Yoga, and Qigong for longer than one year. They did not smoke or drink alcohol. The participants were excluded if they had a medical condition that significantly limited participation in KKQ, such as cancer, cardiovascular disease, neuromuscular disease, or other physical disability, severe obesity, drug use, and other psychological interventions. To avoid human bias, all questionnaires were filled out, and interviews by the same researcher in a private room. The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the Center for Human Research Ethics at Khon Kaen University (HE641163). It was registered on December 27, 2021 (TCTR NO:20211228001).


Setting

It was conducted in the Nutrition and Exercise Laboratory, Faculty of Medicine, Khon Kaen University Khon Kaen, and public health units, Thailand.


Random and Blind Assignment

The participants were randomly assigned by using a computer in a sequence of 1:1 and putting the numbers in an opaque sealed envelope that was the same size and color.


Procedure


The participants attended the laboratory for 2 visits for CG and 3 visits for KKG after overnight fasting (Figure 1). At all visits, they arrived at the laboratory at 8 a.m. after overnight fasting, except for the first visit of KKG. On the first visit of KKG, participants familiarized themselves with a single bout of 30-minute KKQ. On both visits of the CG and on the last 2 visits of the KKG, they arrived at the laboratory to collect 15 mL blood from the brachial vein to assay MDA, F2IsoP, vitamin C, and leukocyte count while lying in a supine position. After blood collection, those in the CG read a Buddhist book and those in the KKG performed KKQ for 30 min. 

Twelve weeks after the first visit in the CG and the second visit in the KKG, the participants maintained a sedentary life and trained 60-min KKQ/day, 3 days (at least 1 day apart)/week, respectively. All visits were performed in a quiet laboratory with a constant comfortable temperature. The participants recorded their normal diet and physical activity during the first week and the last week of the study period for the 3 days before the experiment (2 weekdays and 1 weekend day). They returned all records after the first and the last week of the intervention. Furthermore, they received a form to record KKQ training on their first visit (Table 1). They returned the record at the last visit of the intervention. The research assistant also reminded them by phone to maintain their medicine, dietary intake, physical activities, and KKQ practice (i.e., the participants in KKG).


 SHAPE  \* MERGEFORMAT 




Figure 1. Protocol of this Study. Abbreviation: CG = Control Group, KKG = Khon Kaen Qigong Group, KKQ = Khon Kaen Qigong.


Table 1. Record of Khon Kaen Qigong Training.

Fill ✓ if you do the KKQ, fill ☓ if you do not, and provide the reason you do not do the KKQ.


		Day

		Date

		Khon Kaen Qigong

		A reason for the absent to the exercise



		1

		

		

		



		

		

		

		



		

		

		

		



		84

		

		

		





KKQ


The KKQ posture was described in our recent publication (49). A 30-minute KKQ composed of 2 sets of KKQ (12 postures for each set). The same KKQ practice researcher taught each participant one by one during the familiarization visit. Throughout the training period the participants performed KKQ as a group exercise instructed by the same teacher. Their postures and movements were corrected by a researcher during training practice.


Reading


The participants in the CG performed 30-minutes of reading the same Buddhist book in a sitting position in a quiet room.

Screening Measurements

Cognitive Function Assessment

The participants were screened for cognitive impairment by using MoCA score (34,45). The participants performed the test in a quiet room. To avoid human bias, all the participants were interviewed by the same researcher. Following an assessment instruction, 1 point was added to the MoCA scores of the participants who had less than 12 years of schooling (14). 


Blood Collection

Seven mL of whole blood samples were drawn to two tubes with ethylenediaminetetraacetic acid (EDTA) and one lithium heparin tube. Immediately, all tubes were placed on ice. Of the former, 1.5 mL was used for measurement of complete blood count testing (CBC) and 3 mL was used for measurements of MDA and F2IsoP. Of the latter, 2.5 mL in a lithium heparin tube was wrapped in aluminum foil to block light, and plasma Vitamin C was measured. Immediately after blood collection, the blood was centrifuged at 4℃ at 3000 g (TOMY CAX-370, Tokyo, Japan) for 15 min. Supernatant was collected in aliquots (covered tube with aluminum foil for the blood from the lithium heparin tube). In addition, the buffy coat collected was used for measuring RTL. Plasma and buffy coat aliquots were immediately stored at -80℃ until measurements began. CBC was ascertained in the clinical laboratory of Srinagarind Hospital (Faculty of Medicine, Khon Kaen University). Concentrations of MDA, F2IsoP, and vitamin C were measured by our laboratory team.


Outcome Measurements

Oxidative Stress Measurement 


Malondialdehyde (MDA)

Draper’s method was used to measure the concentration of plasma MDA with thiobarbituric acid (TBA) at low pH and high temperature, forming a color complex, namely MDA-TBA complex (9). The absorbance was measured at 532 nm by visible light absorption spectrophotometry. In repeated MDA essays, the mean CV was 3.1%.


F2-isoprostane (F2IsoP)

F2IsoP in plasma was determined by using 2. 8-Isoprotane ELISA kit Item No. 51651 (Cayman Chemical Company, Ann Arbor, MI, USA) (6). The product from enzymatic reaction between plasma 8-isoprostane and 8-isoprostane acetylcholinesterase (AChE) at specific antiserum binding sites was monitored by spectrophotometer at 412 nm. The range of the assay was 0.8-500 pg/mL and the sensitivity (80% B/B0) was 3 pg/mL. The CV of the assessment is 5%.

Vitamin C

To measure plasma vitamin C, Fe(III) was deoxidized to Fe(II) by ascorbate at pH 4.0 and then Fe(II) reacted with potassium ferricyanide to form a blue product, soluble Prussian blue (KFeIII[FeII(CN)6]). The absorbance of this product was monitored over time using a spectrophotometer at an absorption maximum of 735 nm and the amount of ascorbate could be calculated based on absorbance. The average inter- and intra-assay CVs were 4% and 5% in duplicate plasma vitamin C measurements (53).


Inflammation measurement


Inflammation was assessed by leukocytes count, neutrophils (NEUT)%, lymphocytes (LYMPH)%, monocytes (MONO)%, eosinophils (EO)%, and basophils (BASO)% that were analyzed by using standard automated laboratory methods, the XT2000i automated hematology analyzer (Sysmex XS-800i, Germany).


Relative leukocyte telomere length (RTL) measurement


The method to measure RTL from buffy coat’s leukocyte DNA was shown in study by Nonsa-Ard et al. (35). To control inter-assay variability, we used the same reference DNA sample for each measurement. The intra- and inter-assay coefficients of variation for TL measurement were 1.5% and 2.1%, respectively.


Energy intake and expenditure 


The records of energy intake and expenditure were used to monitor their normal eating habits and daily physical activity and to analyze energy intake. Analysis of macronutrients (carbohydrate, fat, and protein) and vitamin C used the INMUCAL program (INMUCAL software, version 4.0, Mahidol University, Nakhon Pathom, Thailand), and analysis of energy expenditure used the compendium of physical activities (1).

Statistical Analyses


The data were analyzed using Statistical Package for the Social Sciences (SPSS) for Windows, version 28.0 (IBM Corp., Armonk, NY, USA). All data were represented as mean ± SD for normal distribution or median (interquartile range, IQR) for non-normal distribution. The normality was tested using the Shapiro–Wilk test. Independent t-test or Mann-Whitney U test was used to compare differences at baseline (pre-intervention) between the 2 Groups based on normal and non-normal distributions. In addition, analysis of covariance (ANCOVA) or Mann-Whitney U test was used to compare difference at post-intervention between 2 Groups after adjusted by pre-intervention based on normal and non-normal distribution. Statistical significance was achieved with P < 0.05. Pearson correlation analysis (normally distributed data) and Spearman correlation analysis (non-normally distributed data) were used for correlation among indicators. 


RESULTS


A flow chart of studies outlined in the Statement of Consolidated Standards for Reporting Trials (CONSORT) was shown in our previous study (49). Out of 66 participants, there were 50 participants who qualified. Twenty-three participants in the CG (22 female, 1 male) and 22 participants in the KKG (21 female,1 male) completed this study. The room temperature and humidity were 25 ± 0.93°C and 57 ± 5.44%, respectively.


The 2 Groups had similar baseline demographic, anthropometric, and physiological characteristics, except for the mild cognitive index as shown in our previous study (49). In terms of the highest education level, there was no significant difference between the 2 Groups. The CG had 21 participants with primary school education, 2 participants with secondary school education. The KKG had 15 participants with primary school education, 5 participants with secondary school education, and 2 participants with a bachelor’s degree. In the CG and the KKG, there were 9 and 8 participants with hypertension and 7 and 2 with type 2 diabetes, respectively. They maintained their medication throughout the trial. Furthermore, there were no significant differences in dietary content and energy intake and expenditure within and between the Groups (Table 2). In addition, based on the Asia-Pacific criteria (World Health Organization. Regional Office for the Western Pacific, 2000), there were 16 overweight (15 female, 1 male) and 1 obese participant in the KKG, and 14 overweight and 1 obese participant in the CG.


Table 2. Participants’ Daily Energy Intake and Energy Expenditure at Pre- and Post-Intervention in the 2 Groups.

		Variable

		CG (n = 23)

		KKG (n = 22)



		

		Pre

		Post

		Pre

		Post



		Protein Intake(g)

		48.7 ± 19.6

		55.8 (38.5-71.7)

		    56.2 ± 23.89

		53.8 (44.1-58.3)



		CHO Intake (g)

		165.7 (136.1-212.1)

		176.3 (118.1-233.6)

		165.4 ± 58.4

		198.7 ± 86.5



		Fat Intake (g)

		22.4 ± 11.8

		24.4 ± 13.1

		27.1 (16.0-33.3)

		22.7 (19.4-39.7)



		Vitamin C (mg/day)

		35.3 ± 28.4

		29.6 (13.33-44.9)

		   39.5 ± 40.6

		  45.7 ± 55.6



		Energy Intake (kcal/day)

		1,012.2 (830.6 - 1,281.8)

		1,230.4 (796.1 -1,429)

		1,152.9 ± 420.3

		1,262.3 ± 443.1



		Energy Expenditure (kcal/day)

		1,454.2 ± 402.5

		    1,426.1 ± 381.4

		1,544.8 ± 429.8

		   1,618 ± 552.8





All Data were Represented as Mean ± SD for Normal Distribution data or Median (Interquartile Range, IQR) for Non-Normal Distribution Data (n = 45; CG = 23, KKG = 22). Abbreviations: CG = Control Group, KKG = Khon Kaen Qigong Group, Pre = Pre-Intervention, Post = Post-Intervention


Oxidative stress


At baseline, plasma MDA, F2IsoP, and vitamin C concentrations showed no significant differences between the Groups (Table 3). After the training, plasma MDA increased in the KKG and was greater than in the CG (P < 0.05). There were no significant differences within and between the 2 Groups in F2IsoP and vitamin C concentrations.


Inflammation


All leukocytes count (109/L) and each white blood cell count (%) were within normal range (Table 4). At baseline, there were no significant differences between the Groups (P > 0.05). After 12 weeks, the leukocyte count (109/L), the lymphocytes (%), and the eosinophils (%) were significantly lower in the KKG than in the CG (P < 0.01). Leukocyte count, lymphocytes (%), and monocytes (%) were decreased from before the experiment (P < 0.05). Other subtypes were not significantly different within and between the Groups (Table 4).

Relative Telomere Length (RTL)

After 12 weeks, there was no significant difference in RTL within and between the 2 Groups (P > 0.05, Table 5).


Correlation between RTL and All Variables

All correlations between RTL and leukocytes and OS pre-intervention and post-intervention were shown in Table 6 and 7. At pre-intervention, RTL of the CG was positively correlated with basophils (%) (P = 0.037); whereas, the KKG was negatively correlated with neutrophils (%) (P = 0.025) and positively correlated with lymphocytes (%) (P = 0.036). However, after the 12-week intervention, all correlations disappeared.


Table 3. Participants’ Malonaldehyde, F2-isoprostane, and Vitamin C of Participants at Pre- and Post-Intervention in the 2 Groups.

		

		CG

		KKG



		

		Pre

		Post

		Pre

		Post



		Malondialdehyde (μmol/mL)

		5.99 (3.55 - 6.74)

		4.07 (2.48 - 5.18)

		5.48 (4.99 - 7.27)

		10.2 ± 4.65*#



		F2-isoprostane (pg/mL)  

		30.3 ± 11.77

		33.0 (27.4 - 43.2)

		25.0 (12.7 - 32.4)

		36.0 (27.8 - 45.4)



		Vitamin C 

(μmol/L)



		    28.7 ± 15.8

		22.8 (19.8 - 25.8)

		19.3 ± 8.23

		      18.1 ± 8.84





All Data were Represented as Mean ± SD for Normal Distribution data or Median (Interquartile Range, IQR) for Non-Normal Distribution Data (n = 45; CG = 23, KKG = 22). *P<0.05 Within Group, #P < 0.05 Between Groups at the Same Time Point. Abbreviations: CG = Control Group, KKG = Khon Kaen Qigong Group, Pre = Pre-Intervention, Post = Post-Intervention


Table 4. Participants’ Leukocytes at Pre- and Post-Intervention in the 2 Groups.


		Variable

		CG

		KKG 

		Normal range



		

		Pre

		Post

		Pre

		Post

		



		Leukocyte (109/L)

		  6.45 ± 1.93

		  6.42 ± 1.90

		  5.81 ± 1.35

		   5.22 ± 1.18*#

		4.00-10.00



		Neutrophils (%)

		  53.09 ± 11.51

		53.05 ± 9.42

		52.68 ± 8.08

		57.14 ± 10.89

		50.00-70.00



		Lymphocytes (%)

		35.00 ± 8.93

		30.00 (28.00 -38.50)

		38.00 ± 7.75

		 33.73 ± 9.52*#

		20.00-40.00



		Monocytes (%)

		 5.87 ± 1.87

		6.00 (5.00 - 6.53)

		6.00 (6.00 -7.00)

		 5.36 ± 1.68*

		3.00-8.00



		Eosinophils (%)

		4.00 (3.00 -6.50)

		4.00 (3.50 - 8.98)

		3.00 (2.00 -3.00)

		2.50 (2.00 - 4.00)##

		0.50-5.00



		Basophils (%)

		0.00 (0.00 -1.00)

		0.00 (0.00 - 1.00)

		0.00 (0.00 -1.00)

		0.00 (0.00 - 1.00)

		0.00-1.00





All Data are Represented as Mean ± SD for Normal Distribution Data or Median (Interquartile Range, IQR) for Non-Normal Distribution Data (n = 45; CG = 23, KKG = 22). *P < 0.05 Within Group, #P < 0.05, ##P < 0.01 Between Groups at the Same Time Point. Abbreviations: CG = Control Group, KKG = Khon Kaen Qigong Group, Pre = Pre-Intervention, Post = Post-Intervention.


Table 5. Participants’ RTL at Pre- and Post-Intervention in the 2 Groups.

		Variable

		CG

		KKG



		

		Pre

		Post

		Pre

		Post



		RTL (T/S ratio)

		0.71(0.43 - 1.02)

		0.93(0.80 - 1.26)

		0.86 ± 0.47

		0.92 ± 0.38





All Data are Represented as Mean ± SD for Normal Distribution Data or Median (Interquartile Range, IQR) for Non-Normal Distribution Data (n = 45; CG = 23, KKG = 22). Abbreviations: RTL = Blood Leukocyte Relative Telomere Length, CG = Control Group, KKG = Khon Kaen Qigong Group, Pre = Pre-Intervention, Post = Post-Intervention.


Table 6. Correlation Between RTL and All Variables at Pre-Intervention in the 2 Groups.

		Variable

		CG (n = 23)

		KKG (n = 22)



		

		r

		P-value

		r

		P-value



		Leukocytes (10^ 9 /L)

		  -0.06599

		0.7648

		 -0.08125

		0.7193



		Neutrophils (%)

		-0.2596

		0.2316

		-0.4762

		0.0251



		Lymphocytes (%)

		 0.2128

		0.3296

		0.4485

		0.0363



		Monocytes (%)

		  -0.03776

		0.8642

		-0.2611

		0.2405



		Eosinophils (%)

		 0.1929

		0.3779

		0.4198

		0.0517



		Basophils (%)

		 0.4369

		0.0371

		0.1588

		0.4803



		Plasma malondialdehyde (µmol/mL)

		 -0.3956

		0.0617

		-0.1939

		0.3872



		Serum F2-isoprostane (pg/mL)

		 0.3914

		0.0648

		0.1041

		0.6448



		Plasma vitamin C (µmol/L)

		-0.1448

		0.5099

		  0.04844

		0.8305





Pearson Correlation Analysis (Normally Distributed Data) and Spearman Correlation Analysis (Non-Normally Distributed data) Were Used for Correlation Among Indicators. P < 0.05 indicates a significant difference. Abbreviations: RTL = Blood Leukocyte Relative Telomere Length, CG = Control Group, KKG = Khon Kaen Qigong Group.


Table 7. Correlation Between RTL and All Variables at Post-Intervention in the 2 Groups.


		Variable

		CG (n = 23)

		KKG (n = 22)



		

		r

		P-value

		r

		P-value



		Leukocytes (10^ 9 /L)

		0.03356

		0.8792

		0.07333

		0.7457



		Neutrophils (%)

		-0.1148

		0.6018

		-0.1975

		0.3783



		Lymphocytes (%)

		0.04732

		0.8302

		0.2013

		0.3690



		Monocytes (%)

		0.05823

		0.7919

		-0.08051

		0.7217



		Eosinophils (%)

		0.09878

		0.6539

		0.1598

		0.4775



		Basophils (%)

		-0.03270

		0.8823

		-0.1575

		0.4840



		Plasma malonaldehyde (µmol/mL)

		0.2663

		0.2193

		-0.1576

		0.4835



		Serum F2-isoprostane (pg/mL)

		0.3390

		0.1136

		0.08314

		0.7130



		Plasma vitamin C (µmol/L)

		0.1293

		0.5566

		0.1305

		0.5626





Pearson Correlation Analysis (Normally Distributed Data) and Spearman Correlation Analysis (Non-Normally Distributed data) Were Used for Correlation Among Indicators (n = 45; CG = 23, KKG = 22). P < 0.05 indicates a significant difference. Abbreviations: RTL = Blood Leukocyte Relative Telomere Length, CG = Control Group, KKG = Khon Kaen Qigong Group.


DISCUSSION


To our knowledge, this was the first study to show the training effects of KKQ on oxidative stress, inflammation, and TL. We found that KKQ training seems to have some influence on lipid peroxidation and inflammation, but it did not affect RTL in the sedentary older participants with MCI. In addition, the exercise training obliterated the correlation between RTL and related variables. 


To provide high quality of our study, we prevented confounding factors that may affect the states of oxidative stress, inflammation, and aging. We strictly recruited the participants following the inclusion and exclusion criteria. Hence, the results show similar demographic, nutritional status, medical conditions including BP, blood glucose, and lipid profile. Those who took medication can maintain their medication throughout the experiment. Although MoCA scores were different between groups before starting the experiment we used ANCOVA analysis to eliminate the bias of MoCA score over time. Furthermore, they received the forms of diet intake, physical activity, and KKQ practice before starting the experiment. Then, they returned the energy diaries to our researcher in the first week and at the end of the experiment and the KKQ training at the end of experiment. 

In addition, we monitored their daily diet intake and physical activity by calling them every 2 weeks to ask and remind them to maintain their regular diet intake and physical activity including sedentary life in CG and KKQ training in KKG. Furthermore, we controlled their physical readiness by asking them to have enough sleep, no exhaustive exercise, no alcohol, and no caffeine before pre- and post-assessment. During the familiarization visit, they were instructed one-by-one by the instructor who had Qigong experience for at least 6 months. During the exercise training, all the participants practiced in a community and their movements were corrected by the same researcher. Finally, all the data were analyzed by a researcher who did not know the Group of the participants. Therefore, the analysis is no bias by the researcher by blinding. In addition, the group exercise in the participants’ community seems to be an advantage of this study by providing high motivation. This is supported by a high compliance with the KKQ training which is higher than 90%.

EFFECT OF KKQ TRAINING ON OXIDATIVE STRESS

The findings of this study support some of our hypotheses. First, the hypothesis on training-improved lipid peroxidation and antioxidant was not supported. The former was shown only by the increment of MDA while F2IsoP, which is a more reliable indicator of lipid peroxidation (33) was not altered by the training. This seems to show that the training did not improve lipid peroxidation. This is consistent with previous studies reported that low-intensity exercise training unaltered the lipid peroxidation indicated by MDA (7,17). This is comparable with the absent antioxidant indicated by vitamin C in this study. Other previous studies that found unchanged MDA also showed unchanged antioxidant indicated by superoxide dismutase (SOD) (27). This is supported by a literature review reporting that the change in antioxidant has been related to that of oxidant status (27). If the lipid peroxidation decreased the antioxidant increased but if the lipid peroxidation unchanged the antioxidant unchanged (16,17,27). Explanation is that the antioxidant defense system is regulated to resist the beneficial adaptation of the body guided by reactive oxygen species (12,15,38). 

To our knowledge on component exercise of KKQ, many previous studies reported that Baduanjin and Wuxinqi exercise training improved oxidative stress (indicated by decreased MDA and increased SOD) in elderly people (8). However, no previous study investigated the training effect of Wai Khru on oxidant and antioxidant in any population. The lack of the impact on oxidative stress may be due to the inadequate duration of KKQ training. A couple of previous studies investigated two training periods in Yoga, 12 and 24 weeks in the same groups of patients but of different ages. Gordon groups performed their research in patients with type 2 diabetes aged 40 to 70 years (17) while Maleki group performed their research in patients with irritable bowel syndrome aged 18 to 41 years (28). Both studies did not find any changes in MDA and SOD after 12 weeks, but they found that the MDA decreased, and SOD increased after 24 weeks of training. It seems that age does not play a role in the effect of training. According to exercise intensity, its effect on oxidative stress (in the same group of participants and the same duration (12 weeks) is still controversial because some studies did not find any changes in oxidative stress after exercise at moderate vs. high intensities (4,29) and after exercise at low intensity (Yoga) vs. moderate intensity (17). All of them performed their research in diabetes patients aged 18 to 70 years. Therefore, increasing the intensity of KKQ exercise may not reveal its beneficial effects.

EFFECT OF KKQ TRAINING ON INFLAMMATION

The second hypothesis on anti-inflammation according to KKQ training is supported. The marker of inflammation used is leukocyte count. As aforementioned, leukocytes are primary effector immune cells, which protects the organism from intrinsic and extrinsic harmful agents such as exercise. Manzaneque and coworkers (30) showed that longer than 45 minutes of Taoist Qigong training for 4 weeks resulted in a decrease in numbers of lymphocytes, and a higher percentage of monocytes in the exercise group. No publication on the training effect of any component of KKQ on the leukocyte count and any subtypes of immune cell. Apart from the effect of KKQ and its exercise components on leukocytes, their effects on other inflammatory markers that determine immune function are reported. The articles showed the improvement in immune functions by Baduanjin and Wuqinxi in the elderly. Baduanjin training for 24 weeks increased inflammatory cytokines IFN-γ, IL-2, and IL-4 levels in older adults with cognitive frailty (52). In addition, the elderly who practiced Wuqinxi for half a year increased the activity of NK cells by 37%. Furthermore, Wuqinxi can enhance lymphocyte activity (11). In addition, regular exercise has been shown to regulate the immune system and delaying the onset of immunosenescence including T-cell proliferative capacity, lower circulatory levels of inflammatory cytokines ("inflamm-aging"), neutrophil phagocytic activity, lowered inflammatory response to bacterial challenge, greater NK-cell cytotoxic activity, and longer leukocyte telomere lengths in aging humans (43). The function is critical for complementary treatment of aging, therefore, exploring the functions of the immune system because of KKQ training is worth performing. However, our limitation was that we did not assess the immune function according to the training. Furthermore, it is noted that throughout the experiment the leukocytes and all subtypes are in normal values. Thus, the high MDA and low vitamin C in these participants seem to have no adverse effect on the immune cell count. However, high oxidative stress is a crucial cause of many diseases (40). Therefore, modifying the KKQ training aiming to improve oxidative stress is important for the immune function.


EFFECT OF KKQ TRAINING ON RTL


In addition, KKQ training did not change the TL in the older adults in this study. This is supported by a study in the same age range (healthy postmenopausal women) participants in the one-year training of low-intensity exercise (5 days/week, supervised 3 days/week), 45 min/sessions, achieving 70 to 80% heart rate reserve) (13). On the other hand, previous studies have found that active lifestyle and regular exercise increased leukocyte TL in younger overweight and obesity population (36) and inactive caregiver (39). The other study also found that training by continuous running at low intensity (60% heart rate reserve) for 6 months increase TL in middle-aged participants (48). Thus, age seems to play more of a role in the significant results. 


EFFECTS OF KKQ TRAINING ON CORRELATION BETWEEN RTL AND ALL VARIABLES


Unexpectedly, the hypothesis on the correlation between RTL and oxidative stress and inflammation according to KKQ training was not supported. We found that before the training period, RTL was correlated with neutrophils and lymphocytes, but the correlation disappeared after the training. According to previous studies, both leukocyte subtypes were used to assess TL in exercise (48). Thus, it is not surprising to find their correlations. However, the correlation of both subtypes of immune cell disappeared after training. This may imply that the decrease in KKQ-induced leukocytes had no relation with the aging process. The lack of endurance training on TL is supported by a previous study in marathoner (32). In a cohort of healthy adult athletes and sedentary controls, the authors did not find an association between physical activity measured by aerobic capacity and peripheral blood lymphocyte telomere length. However, a long duration of training may disclose the potential effect.

Limitations in this Study

The results of this study cannot be applied to men because there were only few male participants in each group (22 women and 1 man in the CG vs. 21 women and 1 man in the KKG), although there was no difference in the ratio of men to women between the 2 Groups. In addition, there are a few markers of oxidative stress, inflammation, and immune systems in this study.


FURTHER STUDY

Further studies on the effect of KKQ training on a larger number of male participants is worth performing. Secondly, a study investigating training on other markers of oxidant such as protein carbonyls groups that can be generated by many different mechanisms, as the oxidative cleavage of the protein backbone and antioxidant marker such as catalase enzyme antioxidant (31), immune function, such as T-cell proliferative capacity, circulatory levels of inflammatory cytokines, neutrophil phagocytic activity, and inflammatory response to bacterial challenge, NK-cell cytotoxic activity needs to be performed. Thirdly, higher frequency and duration such as 5-6 days/week and longer than 24 weeks may provide beneficial effects of the KKQ training. Another study on larger sample sizes may reveal a significant correlation between RTL and outcomes. Finally, additional vitamin C rich diet to KKQ training may help improve plasma vitamin C, oxidant, and TL because vitamin C is an antioxidant and is related to TL (35).

CONCLUSIONS


This study suggests that a new mode of low-intensity aerobic exercise, Khon Kaen Qigong (KKQ) decreased leukocytes without any effects on oxidative stress (indicated by F2IsoP), and age marker (indicated by TL) in the elder adults with MCI. A further study with higher frequency and longer duration of KKQ training on TL and other markers of oxidative stress and inflammation may be worth revealing the beneficial effects of KKQ training.
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Development of Weight Shifting Training Machine Prototype: Reliability and Validity
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ABSTRACT

Praditpod N, Tantipoon P, Manorangsan S. Development of Weight Shifting Training Machine Prototype: Reliability and Validity. JEPonline 2025;28(3):85-99. The purpose of this study was to develop a weight shifting training machine (WSTM) prototype and evaluate the reliability and validity of its weight measurements compared to a standard weight scale (SWS) in healthy adults. Fifteen male and female participants underwent 2 tests, each involving 10 seconds of standing and sitting, with 2 repeated trials at each station. Weight distribution (in kilograms) from the feet and seat was recorded using both the WSTM and the SWS. Validity was assessed by analyzing the strength of the relationship between the WSTM and the SWS measurements using Pearson’s correlation coefficient. Test-retest reliability of the WSTM and the SWS was evaluated using the intraclass correlation coefficient (ICC3,1) statistics. The WSTM demonstrated very high test-retest reliability for both standing (ICC = 0.999) and sitting (ICC = 0.999). Similarly, the SWS showed high reliability with ICC values of 0.996 for standing and 0.999 for sitting. There were no significant differences observed between the WSTM prototype and the SWS measurements for either the standing position or the sitting position. Furthermore, the WSTM exhibited a strong concurrent validity compared to the SWS in both positions (r = 0.999, P < 0.001). The WSTM prototype demonstrated high reliability and validity in comparison to the SWS. Thus, this prototype might be clinically useful for individuals with asymmetrical weight bearing.


Key Words: Asymmetrical Weight Distribution, Digital Weighing Scales, Standard Weight Scale, Weight Shifting Training Machine 

INTRODUCTION


Balanced weight distribution is crucial for maintaining postural stability during functional tasks. In patients with cerebrovascular disease, asymmetrical weight distribution is common (10), often due to pain, discomfort, and a tendency to offload the affected side (20). This is further compounded by sensory deficits, unilateral neglect, muscle weakness, and impaired proprioception (5), leading to disrupted postural control. Consequently, patients shift weight to the unaffected side, reducing efficiency in movements like reaching, sit-to-stand transitions, and stair navigation (7,14) while increasing the risk of falling. Promoting symmetrical weight transfer, especially toward the affected side, is vital for improving mobility and preventing falls (4).

Encouraging weight-bearing on the affected side is essential for rehabilitating stroke patients and individuals with lower limb weakness from chronic pain since it improves performance in functional tasks (9,18,21,22). Evidence supports using feedback mechanisms to enhance these interventions. Hyun et al. (8) showed that visual and auditory feedback during sit-to-stand training significantly improved balance and reduced postural sway in chronic stroke patients. Similarly, game-based weight-shifting exercises conducted daily over 8 weeks led to better leg muscle activation and balance in stroke patients than the conventional methods (21,22). Visual feedback tools like the Wii Balance Board have also been found more effective than the traditional exercises in improving leg strength, balance, gait, and quality of life (8). Feedback, especially visual, helps compensate for sensory and motor impairments by supporting the development of central motor programs that function independently of external cues (15,19). These findings highlight the critical role of targeted feedback mechanisms in promoting affected-side weight-bearing and facilitating functional recovery.


Kumar et al. (12) found that digital weighing scales provide accuracy and reliability comparable to the MatScan system for assessing plantar pressure in healthy individuals during static standing. While MatScan offers more detailed pressure distribution data, its high cost and need for specialist operation limit its clinical use. In contrast, digital weighing scales designed for clinical settings offer a practical and affordable alternative for training stroke patients or individuals with uneven weight bearing. These scales provide clear, quantitative feedback in kilograms for each side, ensuring the ease of use, convenience, and broader accessibility in routine practice.

Therefore, this study introduced a Weight Shifting Training Machine (WSTM) equipped with load cell sensors positioned at both the feet and the seat, allowing for the simultaneous measurement of weight distribution in both regions. This dual-sensor design represents an advancement over previous systems (8,21,22) that typically determine weight distribution at either the feet or the seat, but not both. The WSTM was developed to address the needs of stroke patients and individuals with asymmetrical weight distribution during standing or sitting. The purpose of the WSTM is to promote balanced weight bearing between the right and left sides. By providing real-time feedback, including quantitative data on weight distribution and the percentage variation between sides, the WSTM offers a practical and accessible tool for clinical rehabilitation. However, before clinical application, it is essential to verify the reliability and accuracy of the WSTM’s weight measurements. 

Therefore, the purpose of this study was to develop a prototype of the WSTM and to assess its reliability and concurrent validity in comparison with a Standard Weight Scale (SWS) among healthy adults. The study hypothesized that the WSTM prototype would demonstrate comparable validity and reliability to the SWS in measuring weight distribution during both sitting and standing tasks.


METHODS

A. Design and Development of a Weight Shifting Training Machine (WSTM) Prototype


This study applied knowledge from the literature review to design and develop the first draft of framework for the WSTM, as illustrated in Figure 1a, this machine provided sensors to simultaneously measure pressure on both the feet and the seat, which is different from previous studies that measured only one location. The design was later refined into a fully functional WSTM. A patent application was submitted under the number 2303003439, as shown in Figure 1b. The WSTM included a display screen and weight-bearing platforms for both the foot and the seat, as depicted in Figure 1b. For user safety and ease of use, adjustable handrails were installed on both sides of the platform. These handrails could be repositioned and securely locked in place to provide support while standing or transitioning into the seated position.
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		Figure 1. (1a) First Draft of the WSTM; and (1b) Completed WSTM Prototype.





1.1. Feet and Seat Weight Sensors and Platform

The design of the WSTM’s platform incorporated load cell weight sensors embedded beneath the left foot, right foot, and the seat areas. Each area is composed of 2 sections, the left and the right. Each section contained 4 sensor points, 4 for the left seat, 4 for the right seat, 4 for the left foot, and 4 for the right foot, totaling 16 sensor points. These sensors were used to measure and to calculate weight distribution between the left and right sides as the installation of these sensors along with necessary circuit boards shown in Figure 2 and Figure 3. To verify measurement accuracy, standard weights were placed on each load point and compared to the screen readings, which demonstrated no significant discrepancies.
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		Figure 2. Platform and Load Cell Sensors (a) Feet; (b) Seat; (c) Location; 


and (d) Four Load Cell Sensors at Each Point.
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		Figure 3. (a) Load Cell Circuit Board Connection and Link to the Screen (b).





1.2 Data Acquisition and Data Flow.

The diagram in Figure 4 illustrates the data flow of the WSTM, which monitored weight distribution during sitting and standing activities. The data are acquired from 16 load cells: 8 positioned under the feet and 8 positioned under the seat to detect pressure changes. Signals from these load cells were sent to a 16-channel amplifier that boosted the analog signals for accurate reading. The amplified signals were then forwarded to a controller that processed and converted the data into a digital format, which was then transmitted to a computer for visualization that allowing real-time feedback on weight distribution and posture during training.


		[image: image3.jpg]Start—

Load Cell x8

Feet

Load Cell x8

Seat

Amplifierx16 ‘—»‘ Controller }4—;









		Figure 4. Data Processing from Load Cell to Computer Screen.





1.3 Screen Monitor and Function Display.

The WSTM was equipped with a 15-inch touchscreen display and an integrated processor. The display featured a timer, color-coded light, and real-time calculations of weight deviation, allowing users to visualize weight distribution during weight transfer activities as shown in Figure 5. Red light indicated asymmetrical weight distribution according to a predefined upper bound percentage of weight deviation, while green light signified symmetrical distribution between the right and left sides of both the feet and the seat sensors. The screen displayed weight values (in kilograms) for 4 areas (the left seat, the right seat, the left foot, and the right foot), total body weight, and the percentage difference between the left and right sides. Additionally, the duration of each training session was recorded and presented on the screen. To ensure optimal visibility, the display height was adjusted to eye level by repositioning the training chair.
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		Figure 5. Screen Monitor and Function Display.








1.4 Procedure of Using the WSTM Prototype

  The first step was to press the “Connect” button to establish a connection between the computer and the controller. Once connected, the button would change to “Disconnect”. Secondly, press the “Test” button to check the sensor readings, which should initially display a value of zero. For calibration, if the sensor values were not zero, then the “Zero” button was press to recalibrate all sensors back to zero before starting the program. Then, set the desired timer duration by increasing or decreasing the time-period, up to a maximum of 30 minutes or down to a minimum of 0.1 minute. Then, select the degree of acceptable deviation for the weight-shifting program based on training requirements. Next, press the “Start” button to begin the program. After the program completes, press the “Name” button to label the current session and press “Export to Excel” to save the session data to an Excel file. Finally, press the “Reset” button to reset the program for the next use. The activities while using WSTM prototype are shown in Figure 6.
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		Figure 6. Activities while using the WSTM Prototype.





The WSTM prototype was assessed for equipment quality that focused on its structure, strength, and safety by a panel of 5 experts in engineering and physical therapy. The evaluation team included electrical engineers with over 10 years of experience, mechatronics engineers with more than 5 years of experience, and clinical physical therapists with over 10 years of experience. These specialists reviewed the prototype and provided feedback using a standardized WSTM quality evaluation form. The evaluation results are summarized as percentages in Table 1.

B. Testing the Reliability and Validity of the WSTM Prototype

Participants


Fifteen male and female participants aged 18 to 35 years took part in this study. The sample size was calculated using the G*Power program, based on an effect size of 2.14 for an unpaired t-test (5), with a significance level (α) of 0.05 and a statistical power (1 – β) of 0.95. The calculated sample size was 14 participants, and an additional 10% was added to account for potential dropout. Therefore, this study consisted of 15 participants.


The study was conducted in accordance with the Declaration of Helsinki, and it was approved by the Research Ethics Committee of Thammasat University (Science) (HREC-USc) under project code No. 059/2565 with approval granted on August 31, 2022. All the participants provided a written informed consent prior to data collection.


All the participants were informed of the research procedures and they signed an approved consent form. The inclusion criteria required the participants to be: (a) healthy males or females in the age range of 18 to 35 years; (b) a body weight between 50 and 100 kg; (c) the ability to follow instructions; (d) no hearing or vision problems; and (e) no pain or injury in either leg within the previous 6 months. The exclusion criterion was the inability to stand for 10 to 15 minutes.


Procedures

Each participant was asked to perform the study only once for 15 minutes at the Ratchasuda Building, 1st Floor, Thammasat University Rangsit Campus. The participants were informed of the purpose and all procedures of the study before beginning. Each participant was tested at 2 stations: one with the WSTM and the other with a SWS, as shown in Figure 7. At each station, the participants stood and sat for 10 seconds each, and the test was repeated twice. A 3-minute break was provided between stations. Participants drew lots to determine both the testing order and the selection of instruments. Prior to testing, all the participants removed their shoes. The sequence of testing stations was randomized before each session. During both standing and sitting tasks, weight distribution at the foot and seat platforms was recorded in kilograms.


Calibration Procedure

Prior to each test, both the SWS and the WSTM were calibrated to ensure an accurate weight measurement. The SWS was reset to 0 kilograms, while the WSTM was calibrated by pressing the Zero button to ensure the weight measurement also started at 0 kilograms. This procedure was performed before each use to verify the instrumental readiness and maintain measurement consistency throughout the testing process.


Testing Protocol 

At the Standard Weighing Scale (SWS) station, each participant was instructed to stand on one foot at a time, maintaining the position for 10 seconds while 2 weight measurements were taken, with a one-minute rest between each measurement. After completing the standing tests, the participants were asked to sit on the SWS, positioning one buttock at a time on the scale for 10 seconds, and the measurements were repeated in the same manner. The researcher recorded all weight values (in kilograms) on a data collection form.

At the Weight Shifting Training Machine (WSTM) station, the participants were similarly instructed to perform both standing and sitting tests on the WSTM, holding each position for 10 seconds. During the standing test, the participants faced forward while standing on the WSTM, which displayed their weight distribution (in kilograms) on a screen. The researcher read and recorded the values directly from the monitor. After a 3-minute rest between the stations, the participants completed the sitting test on the WSTM, also holding the position for 10 seconds, with 2 measurements taken. The WSTM was calibrated (zeroed) before each test to ensure accuracy. The mean weight values (in kilograms) for both standing and sitting positions were recorded from both the SWS and the WSTM. The entire testing session lasted approximately 15 minutes, and the collected data were subsequently analyzed statistically.
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		Figure 7. Testing while Standing: (a) SWS; (b) WSTM; Sitting (c) SWS; and (d) WSTM.





Statistical Analyses

The SPSS version 2020 was used for statistical analysis. The mean weight values (in kilograms) were tested for normality using the Shapiro-Wilk test. The Pearson product-moment correlation coefficient (Pearson’s r) was used to assess the concurrent validity of the weight shifting training machine (WSTM) against the standard weight scale (SWS). An r value of < 0.50 indicated low correlation, 0.50 to 0.69 indicated moderate correlation, 0.70 to 0.89 indicated high correlation, and 0.90 to 1.00 indicated very high correlation, with statistical significance set at P < 0.01 (16).

In addition, intra-rater reliability of the WSTM and SWS was assessed by measuring the mean weight values (kg) from both instruments. The first and second measurements were randomly selected by drawing lots. Intra-rater reliability was calculated using a two-way mixed-effects model, ICC (3,1), to determine the intraclass correlation coefficient (ICC). An ICC value of < 0.50 was interpreted as low reliability, 0.50 to 0.75 as moderate reliability, 0.75 to 0.89 as high reliability, and > 0.90 as very high reliability, with statistical significance set at P < 0.01 (16).


RESULTS


A. Weight Shifting Training Machine (WSTM) Prototype's Quality Evaluation


Five specialists in engineering and physical therapy evaluated the quality of the weight-shifting training machine prototype in terms of its structure, strength, and safety. They provided feedback using the WSTM’s quality evaluation form. The evaluation results are presented as percentages in Table 1.


Table 1. Weight Shifting Training Machine (WSTM) Prototype's Quality Evaluation. 


		               Items

		Percentage



		

		Appropriate

		Inappropriate





		Structure

		

		



		1. Foot base  

		100

		



		2. Seat platform 

		80

		20



		3. Monitor display 

		80

		20



		4. Distance between monitor and eye

		100

		



		5. Side-opening and closing handrails

		80

		20



		Strength and Safety

		

		



		1 Footrest durability under load

		100

		



		2 Chair stability during sitting

		100

		



		3 Safety while standing or sitting

		100

		



		4 Structural load bearing capacity

		100

		



		5 Display screen durability

		80

		20



		6 Durability

		100

		



		7 Overall, safety

		100

		





Based on the specialists' evaluations, it was suggested that the sensor cable from the chair should be converted to a wireless system, and the screen monitor should be adjusted to better accommodate users in the standing position. The touch screen was noted to be more sensitive than usual, possibly due to frequent use by multiple users. Regarding the seat, most experts agreed that it was appropriate and stable, as it included a rotating button to lock the wheels and prevent movement during training. For the handrails preventing falls, it was recommended that a lock button would be added for user convenience. Therefore, this prototype was considered safe for both standing and sitting positions. 


B. Reliability and Validity of WSTM Prototype Against a Standard Weight Scale


The test-retest reliability of the assessor was evaluated using the intraclass correlation coefficient (ICC3,1). The WSTM demonstrated very high test-retest reliability for both standing (ICC = 0.999) and sitting (ICC = 0.999). Similarly, the SWS showed high reliability, with ICC values of 0.996 for standing and 0.999 for sitting, as shown in Table 2.


		Additionally, there were no statistically significant differences (P > 0.05) in the weight measurements between the WSTM and the SWS for both positions. During standing, the mean body weight recorded by the SWS was 77.98 ± 16.88 kg, while the WSTM measured an average of 77.96 ± 17.07 kg. In the sitting position, the mean body weight recorded by the SWS was 78.34 ± 16.96 kg, compared to 78.21 ± 17.02 kg measured by the WSTM.


A comparison of mean body weight measurements for the 15 participants in both the standing and the sitting positions revealed no significant differences between the SWS and the WSTM, with p-values of 0.809 for standing and 0.428 for sitting. These results indicated that the body weight measurements from both devices were consistent. Furthermore, the study demonstrated strong concurrent validity of the WSTM relative to the SWS in both positions, with a correlation coefficient of r = 0.999 at P < 0.001, as presented in Table 3.


Table 2. Reliability of the WSTM Prototype in Standing and Sitting Position.



		Position

		Weight Shifting Training Machine (WSTM)

		Standard Weight Scale


(SWS)



		

		ICC (r)

		95% CI

		P-value

		ICC (r)

		95%CI

		P-value



		Standing

		0.999

		0.975-1.000

		 <0.001

		  0.996

		  0.984-0.999

		    <0.001



		Sitting 

		0.999

		0.983-1.000

		 <0.001

		  0.999

		  0.997-1.000

		    <0.001





*Significant at P < 0.01, Intraclass correlation coefficient (ICC3,1), 95% CI = 95% confidence interval     


Table 3. Concurrent Validity of the WSTM Prototype Against the SWS. 

		Position




		Pearson Correlation (r)

		95% Confidence Interval

		P-value



		Standing   

		r = 0.999*

		0.997-1.000

		  <0.001



		Sitting 

		r = 0.999*

		0.998-1.000

		  <0.001





*Significant at P<0.01


DISCUSSION


The aim of this study was to develop a WSTM prototype and examined the reliability and validity of weight measurements obtained from the WSTM compared to the SWS in healthy adults. For structural and design suitability, most structural components were rated as appropriate by a large majority of evaluators. The foot base (30 centimeters in width and 50 centimeters in length) and monitor distance from the eyes received full approval (100%), indicating optimal ergonomic design and proper user interface configuration. This design was consistent with a previous study that utilized platforms for standing training and weight transfer measurement, which emphasized the need for stability and safety (19). The seat platform, monitor display, and side-opening and closing handrails received 80% approval, suggesting generally positive feedback with minor concerns. These areas might benefit from further refinement, such as improving adjustability, user comfort, or control mechanisms. Most experts agreed that the seat and its base were suitable and stable, primarily due to the presence of a wheel lock mechanism that prevented movement during training. This ensured safety for the users both while standing and sitting. However, one physical therapist noted that the cable connecting the load cell sensor in the chair to the display monitor should ideally be wireless to enhance ease of use. 

Experts also agreed that the seat base was appropriately sized for users during training. The chair used with the WSTM adhered to ergonomic standards, as supported by a previous study (17). Load cell sensors were installed under both the chair base and foot platform to detect pressure from the user's buttocks and feet. These sensors converted the applied pressure into electrical signals, which were then displayed as numerical values on the screen. The reliability of the WSTM prototype was found to be high during both sitting and standing positions (ICC = 0.999). This might be attributed to the stable and consistent performance of the load cell sensors, making the system suitable for clinical application. These results aligned with the findings of Kumar et al. (11) in 2014, who reported a ROC curve value of 0.68 for detecting weight loss in patients with limb load asymmetry, and the study by de Araujo-Barbosa et al. (3) in 2015 who reported the reliability of digital weighing scales in measuring the weight of hemiplegic patients (ICC = 0.69–0.84), classifying them as having good reliability. For the screen, the display screen was appropriately sized with dimensions based on diagonal measurements. It offered adequate brightness, a readable font size, and audio feedback during practice. The screen was also found to be durable and suitable for frequent use. This finding was consistent with a previous study by Hancock et al. (6). Moreover, a viewing distance of 70 cm between the display screen and the trainee’s eyes while seated was considered optimal and convenient for training, particularly for individuals with impaired sitting balance.


Reliability and Validity of WSTM Prototype Against the SWS


The results of this study showed that the WSTM prototype demonstrated high reliability in both the standing position (ICC = 0.999) and the sitting position (ICC = 0.999), comparable to the reliability of the SWS for measuring weight while standing (ICC = 0.996) and sitting (ICC = 0.999). This high level of reliability could be attributed to proper calibration of the machine prior to data collection, as well as standardized positioning of all the participants. This might be because all the participants in this study were instructed to sit centrally between the right and left seat bases and to place their feet on the corresponding foot platforms of the WSTM prototype. This positioning enabled the machine to accurately display weight distribution data on the screen and ensured consistent posture across the participants before data collection began. Our finding was consistent with the study by Bergmann et al. (1) in 2015 which reported reliability for standing posture measurements in the sagittal plane (r = 0.70, 95% CI: 0.31 to 0.87) and in the frontal plane (r = 0.73, 95% CI: 0.40 to 0.88) among healthy individuals. Additionally, our results aligned with Mbada et al. (13) that found the ischial sitting posture significantly influenced weight distribution on the buttocks and the feet compared to other sitting positions, such as the ischiofemoral and sacroischial postures. Their study assessed weight distribution in healthy individuals while sitting and during foot loading using a standard bathroom scale (13).


In the present study, the reliability of weight measurements for both standing and sitting using the WSTM was not significantly different from that of the SWS. This finding was consistent with the study by Kumar et al. (12) in 2014 that reported the reliability of digital weighing scales when assessing standing posture in healthy adults using intraclass correlation coefficients. Similarly, a study by Bohannon and Waldron (2) in 1991 found that the reliability of weight distribution measurements on the weaker leg was not significantly different from the stronger leg (ICC = 0.829 on the weak side and ICC = 0.876 on the strong side), using digital bathroom scales in a group of stroke patients.


Based on the results of the concurrent validity study between the WSTM and the SWS, a high correlation was observed. Specifically, the reliability coefficient was r = 0.999 (95% CI: 0.997 to 1.000) in the standing position and r = 0.999 (95% CI: 0.998 to 1.000) in the sitting position, both with statistical significance at P < 0.001. These findings indicate that the WSTM prototype demonstrated high precision under the given conditions when compared to the SWS. This might be attributed to the study’s configuration that allowed the resolution of weight measurements to be adjusted in 1-minute intervals, i.e., the minimum operational time of the machine. As a result, the data collection settings were standardized across all the participants, and each trial was performed uniformly to evaluate the machine’s ability to measure weight in comparison with standard digital scales. Thus, the WSTM demonstrated condition-specific accuracy comparable to standard weight measurements. 

These results aligned with the findings of Yorkin et al. (23) in 2013, which reported the accuracy and consistency of digital weighing scales in measuring the weight of healthy individuals. Their study also found that digital scales provided significantly more reliable measurements than the analog dial scales. Previous studies had further supported the accuracy of digital weight measurement for assessing body weight, demonstrating good reliability in both healthy individuals and hemiplegic patients. The intraclass correlation coefficients (ICC) for digital scales ranged from 0.69 to 0.84 in the hemiplegic patients and from 0.41 to 0.74 in the control group (17). For clinical implication, the WSTM prototype developed in this study was designed for use in rehabilitation and physical therapy settings. For patients with weight-bearing difficulties, especially during periods of high patient volume, this device could serve as an alternative tool to alleviate the workload of physical therapists. Furthermore, it can be used to assess patient conditions before and after treatment.

A limitation of this tool was that the maximum training time was restricted to 30 minutes. Additionally, it displayed weight transfer data in numerical form and provided auditory feedback to indicate unbalanced weight distribution. For future development, this machine should incorporate game-based elements and virtual reality to enhance user engagement and enjoyment during training. By integrating these features, the system could offer a more immersive and interactive experience, increasing trainee motivation. Additionally, this approach would allow for customizable training durations, potentially extending the length and effectiveness of training sessions.


CONCLUSIONS


In developing the WSTM prototype, the quality of its use was assessed in terms of structure, strength, and safety. Evaluations were conducted by experts in engineering and physical therapy. The device demonstrated high reliability and accuracy when compared to standard scales. This prototype may be clinically applicable for individuals with asymmetrical weight bearing.
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   ABSTRACT


S. Nawin, B. Tepmanas, C. Napasakorn. Influence of Strength, Power, and Dynamic Balance on Competitive Performance in Amateur Fencers. JEPonline 2025;28(3):100-112. Lower body power is a fundamental component of fencing performance, particularly in explosive movements like lunges, quick steps, and directional changes. Understanding how different aspects of leg power relate to fencing-specific actions can inform targeted training strategies for athletes. This study involved 44 male amateur fencers (age: 21.3 ± 3.0 years; training experience: 2.38 ± 1.12 years). Lower body power and balance was assessed using rear leg triple jump (356.14 ± 17.83 cm), reactive strength index (RSI) (116.36 ± 16.90 m/s) and single leg stability (1.64 ± 0.54 score). The performance measures included lunge velocity (2.17 ± 0.17 m/s), change of direction (7.38 ± 0.40 s), and repeated lunge ability (33.52 ± 2.67 s). Lunge velocity correlated significantly with both triple jump (r = 0.389, P < 0.01) and RSI (r = 0.452, P < 0.002). Change of direction was linked to 10 m forward (r = 0.396, P < 0.008) and backward step times (r = 0.370, P < 0.014), and lunge endurance was associated with single leg stability (r = 0.328, P < 0.030). These results suggest that explosive leg power, reactive strength, and balance are key contributors to fencing performance, supporting their inclusion in targeted training programs.

Key Words: Dynamic Balance, Fencing Performance, Lunge Ability, Muscle Performance


INTRODUCTION

The fencing lunge and step drill are fundamental movements that play a crucial role in attacking, defending, and controlling distance effectively. These explosive actions require a combination of lower-body strength, speed, and coordination, which makes them key indicators of physical performance in fencing (12,22). However, with the unique movement of the sport, specific physical examinations are thus suitably requested.      

Many previous studies have examined the biomechanics of these movements in depth. The fencing lunge involves a complex sequence of the extension of the weapon arm, a forceful rear leg push-off, and the explosive projection of the front leg. Among these, the rear leg extension is a primary driver of velocity since it generates the horizontal force that propels the body forward (11,14). Fencing steps, both forward and backward, require precise coordination between ground reaction forces, weight shifts, and muscular activation. A strong push from the rear leg and effective ankle plantar flexion contribute to quick advances, while a rapid and balanced push-off from the front leg is essential for effective retreats (20). Since fencing steps become unique and extraordinary movements, general standard performance testing might not reflect the fencing ability. Therefore, specific testing parameters must be imposed for fencers.   


In addition to strength and power, balance plays a critical role in fencing performance. During rapid lunges and retreats, the athletes must maintain postural stability while transitioning between dynamic movements, often on a narrow base of support. Research by Williams et al. (24) demonstrated that fencers with superior dynamic balance control exhibited faster recovery times and greater movement precision. These findings support the importance of balance in maintaining performance under pressure. Balance is vital during counterattacks and a sudden change of direction, where maintaining control results in the difference between scoring and being scored upon.


Although previous research studies by Gutiérrez-Dávila et al. (13) and Spiteri et al. (22) have clearly revealed the biomechanics and kinetics of fencing movements, no study reported exactly the relationship between specific physical attributes of lower-body strength and lower-body power and balance on fencing execution. To specify the suitable physical testing parameters for fencing movement capacity, various key physical attributes that could relate to fencing-specific footwork performance were analyzed. Understanding these correlations can provide valuable insights for evaluating the progression of training and conditioning programs that directly enhance competitive execution.


METHODS

Subjects

Forty-four male amateur fencers (18 to 35 years of age with a mean age of 21.3 ± 3.0 years participated in the data collection. They had 1 to 4 years of experience and national-level competition participation. All trained 4 to 10 hours weekly over at least 2 sessions. The physical characteristics of the participants are shown in Table 1.


Table 1. Descriptive Characteristics of Participants.

		Characteristics

		Males (n = 44)



		Age (yrs)

		21.3 ± 3.0



		Height (cm)

		173.3 ± 6.20



		Weight (kg)

		66.7 ± 7.9



		BMI (kg/m2)

		22.2 ± 2.0



		Years of Training

		  2.38 ± 1.12





Procedures


Before data collection, all procedures were explained in detail, including potential risks, and participants provided written informed consent. Ethical approval was granted by the Chulalongkorn Ethnic Committee (COA No. 065/66, Research No. 660016). The participants were instructed to sleep 6 to 8 hours before testing, avoid food and drink for 2 to 3 hours prior, and perform a standard warm-up before each assessment to ensure familiarization and safety. The flow of the participant allocation, including the testing phase and data analysis, is illustrated in Figure 1.
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Figure 1. Allocation Flow of Participants, Outlining the Inclusion Process, Testing Procedures, and Data Analysis.


Testing Schedule


Assessments were conducted over 2 non-consecutive days to minimize fatigue. The testing flow is illustrated in Figure 2.
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Figure 2. Overview of the Test Flow.

Y-Balance: The participants’ Y-Balance was assessed using a measuring tape placed on the floor. The participants stood on the center-point on 1 leg and reached with the other leg in the anterior, posterolateral, and posteromedial directions. The average of 3 trials was used for each direction (19). 


Athlete’s Single-Leg Stability (Score): The athlete’s single-leg stability was tested using the Biodex Balance System. The Single-Leg Stability protocol was applied, with the difficulty level set to 4. The participants stood on 1 leg and attempted to maintain their center of mass at the center of the platform. The score was automatically generated by the machine. A lower score indicated better balance, meaning less deviation from the center (1).

Knee Flexion/Extension and Ankle Dorsiflexion/Plantarflexion Peak Torque (Nm): Rear leg strength was assessed for knee flexion/extension and ankle dorsiflexion/plantarflexion using isokinetic dynamometer. The participants performed movements at maximal speed and force through the full range of motion in anatomically aligned positions. The protocol included a warm-up set of 10 repetitions at 180°/second, followed by 3 test sets of 5 repetitions at 60°/second, with 1-minute rests between sets. The best trial was used for analysis (5). 


RSI (m/s): The participants jumped from a 30 cm platform for maximum height and minimal contact time using a force plate. RSI was calculated by dividing jump height by contact time, with the best of 3 trials used for analysis (9).


Horizontal CMJ (cm): The participants performed a horizontal countermovement jump from a standing position, aiming for maximal distance. The best of 3 attempts was used for analysis, following the established protocols in plyometric performance testing (17).

Rear Leg Triple Jump (cm): The participants performed 3 consecutive hops on 1 leg, landing on both legs after the last hop. Distance was measured to the nearest 0.01 m, with the best of 3 trials recorded (18).


Lunge Velocity (m/s): The participants lunged forward from an en garde position on force plates, tracked by motion-capture cameras. The best of 3 trials was recorded (12).


10 m Forward and Backward Step (s): The participants performed forward and backward steps between timing gates on a fencing piste. Time was measured to the nearest 0.01 seconds, with the best of 3 trials recorded.

Change of Direction (s): The participants completed a 4-2-4-2-4 m shuttle using fencing footwork. Timing gates recorded the best of 3 trials (3).


Repeated Lunge Ability (s): The participants step forward 7 m and lunge to hit a mannequin, alternating with backward steps to a 4-m line, repeated 5 times. Average time across intervals was recorded (24).


Lunge Endurance (reps): The participants performed maximum lunges within 2 minutes, with total repetitions recorded (24).

Statistical Analyses


All the data were analyzed using SPSS (version 29), and all the data are reported as mean ± standard deviation. The following dependent variables were examined: lunge velocity, 10 m forward step time, 10 m backward step time, change of direction time, repeated lunge ability, lunge endurance, Y-Balance reach distances (anterior, posterolateral, posteromedial), single-leg stability score, knee flexion/extension peak torque, ankle dorsiflexion/plantarflexion peak torque, reactive strength index (RSI), and rear leg triple jump distance. Relationships between fencing performance variables and lower-body physical attributes were analyzed using the Pearson’s product-moment correlation coefficient (r). Effect sizes were interpreted according to Cohen’s criteria: small (r = 0.10 to 0.29), moderate (r = 0.30 to 0.49), and large (r ≥ 0.50). Statistical significance was set at P < 0.05 (4).


RESULTS


Significant correlations were observed between lunge velocity and rear leg triple jump (r = 0.389, P < 0.01), lunge velocity and RSI (r = 0.452, P < 0.002) (Figure 3). The descriptive statistics for each variable that demonstrated significant correlations are presented in Table 2, including means and standard deviations.
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Figure 3. Correlations between Lunge Velocity, Rear Leg Triple Jump, and Reactive Strength Index (RSI).


Table 2. Descriptive Statistics of Study Variables.

		Variables

		Mean ± SD



		Strength & Power

		



		    Knee Extension Peak Torque (Nm)

		  166.92 ± 24.36



		    Knee Flexion Peak Torque (Nm)

		    79.9 ± 16.5



		    Plantarflexion Peak Torque (Nm)

		    73.45 ± 27.48



		       Dorsiflexion Peak Torque (Nm)

		    23.5 ± 11.2



		    RSI (m/s)

		  116.36 ± 16.90



		    Horizontal CMJ (cm)

		177.19 ± 7.45



		    Rear Leg Triple Jump (cm)

		  356.14 ± 17.83



		Balance

		



		    Y-Balance Front Anterior (cm)

		    65.12 ± 11.00



		    Athlete Single Leg Stability (Score)

		    1.64 ± 0.54



		Fencing Movements

		



		    Lunge Velocity (m/s)

		     2.17 ± 0.17



		    10 m Forward Step (s)

		     3.22 ± 0.29



		    10 m Backward Step (s) 

		     3.36 ± 0.23



		    Change of Direction (s)

		     7.38 ± 0.40



		    Repeated Lunge Ability (s)

		   33.52 ± 2.67



		    Lunge Endurance (reps)

		   60.14 ± 7.31





Abbreviations: RSI = Reactive Strength Index


Significant correlations were observed between the Horizontal CMJ and the RSI (r = 0.321, P < 0.034) (Figure 4).
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Figure 4. Correlations between Horizontal CMJ and Reactive Strength Index (RSI).

Significant correlations were observed between the Rear Leg Triple Jump and the Knee Extension Peak Torque (r = 0.388, P < 0.009), Rear Leg Triple Jump and Ankle Plantarflexion Peak Torque (r = 0.402, P < 0.007) (Figure 5).
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Figure 5. Correlations between Rear Leg Triple Jump and Lower Limb Peak Torque (Knee Extension & Ankle Plantarflexion).


Significant correlations were observed between Y-Balance Front Anterior and 10 m Backward Step (r = 0.300, P < 0.048), Lunge Endurance and Athlete Single Leg Stability (r = 0.328, P < 0.030) (Figure 6).
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Figure 6. Correlations between Front Anterior Reach and 10 m Backward Step, Lunge Endurance, and Single Leg Stability.


Significant correlations were observed between 10 m Backward Step and Change of Direction (r = 0.370, P < 0.014), 10 m Backward Step and Repeated Lunge Ability (r = 0.360, P < 0.017) (Figure 7).
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Figure 7. Correlations between 10 m Backward Step, Change of Direction, and Repeated Lunge Ability.


Significant correlations were observed between 10 m Forward Step and Ankle Plantarflexion Peak Torque (r = 0.339, P < 0.024), 10 m Forward Step and Change of Direction (r = 0.396, P < 0.008) (Figure 8).
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Figure 8. Correlations between 10 m Forward Step, Ankle Plantarflexion Peak Torque, and Change of Direction.


DISCUSSION


This study investigated specific physical performance metrics associated with fundamental fencing movements in amateur fencers, with a focus on the fencing lunge, a critical offensive movement, and key determinants of success in fencing. Additionally, the study examined fencing-specific footwork, including forward, backward step and the change of direction, which are essential for creating attack opportunities and evading the opponents' attacks. 


The results of this study indicate that 2 key physical performance metrics correlated with Lunge Velocity: the Rear Leg Triple Jump, and the Reactive Strength Index (RSI). The rear leg triple jump closely resembles the extension of the rear leg during the lunge, with performance largely dependent on the strength of knee extension and ankle plantarflexion. This finding aligns with previous research that demonstrated a correlation between the standing broad jump performance and fencing lunge speed, thus highlighting the critical role of lower-body power, particularly in movements that emphasize horizontal displacement (12,23). 

Furthermore, research comparing elite and intermediate-level fencers showed that elite fencers achieved greater horizontal peak velocities during the lunge. This superior performance was attributed to higher joint peak power, joint peak moment, and an increase in range of motion in the rear knee (14). Moreover, the Reactive Strength Index (RSI) contributes to lunge velocity because it measures an athlete’s ability to generate force rapidly during dynamic movements, particularly those involving the stretch-shortening cycle (6). A higher RSI indicates superior reactive strength, meaning an athlete can transition from the eccentric (loading) phase to the concentric (explosive push-off) phase more efficiently. This is particularly relevant to the fencing lunge, as a faster and more powerful extension of the rear leg results in greater horizontal force production, ultimately increasing lunge velocity. 

Additionally, fencers with a higher RSI can reduce ground contact time and optimize force application, making their lunges not only faster but also more efficient (8). These explosive actions from powerful knee and ankle extension to rapid transitions in the stretch shortening cycle are all heavily reliant on the physiological characteristics of Type II muscle fibers. Specifically, Type IIa and IIx fibers possess a high rate of force development (RFD), fast motor unit recruitment, and greater anaerobic enzyme activity that enables fencers to contract rapidly and generate high tension in a short amount of time (10,26). Also, the neural drive to Type II fibers play a critical role in efficient motor unit synchronization, firing frequency, and intermuscular coordination directly influence how fast and powerfully the muscles can act, thus making the contribution of Type II fibers essential for fencing performance (7). This suggests that the importance of lower body power in fencing extends beyond maximal force production to how quickly and efficiently that force can be applied. Moreover, ankle plantar flexion strength correlates with forward step velocity, emphasizing the importance of lower-leg muscle function in generating explosive movements (23).


This study also identified a relationship between single leg stability and lunge endurance performance. This finding suggests that greater unilateral stability, particularly in the lead leg, enhances a fencer’s ability to sustain repeated lunges under fatigue. From a biomechanical perspective, single leg stability contributes to more efficient weight transfer, postural control, and force direction during each lunge cycle, which are factors that help reduce unnecessary energy loss and muscular compensation (11,21). Fencers with superior balance and proprioceptive control are better equipped to maintain alignment, minimize ground contact time, and optimize propulsion during repeated offensive actions (2,21). 

In addition, findings from the Y-Balance Tests support the importance of lead leg stability, demonstrating a direct correlation with backward step speed. A stable lead leg provides a reliable platform for initiating rapid retreats that allow smoother transitions of the center of mass while maintaining posture during reactive movements. This is especially valuable when performing under pressure since it enhances readiness for immediate re-engagement or further defence (21). The shared importance of lead leg stability in both lunge endurance and retreat speed underscores its role in dynamic performance, suggesting that balance and proprioception are not just supportive traits but foundational elements as well in fencing footwork. These findings align with previous research (11,21) that emphasizes the role of neuromuscular control and joint stability in repeated, high-intensity movements.


Forward and backward footwork correlate with change of direction (COD) ability, suggesting that rapid weight transfer and lower body coordination are essential for efficient movement transitions (13). These findings can be understood through neuromuscular mechanics, where effective COD performance relies on the activation timing, rate of force development (RFD), and intermuscular coordination of key muscle groups, such as the quadriceps, hamstrings, glutes, and gastrocnemius. During directional changes, the nervous system must rapidly modulate motor unit recruitment patterns, allowing for quick deceleration and re-acceleration in the opposite direction. Efficient eccentric control (especially in the hamstrings and glutes during braking phases) followed by explosive concentric contraction (to push off) plays a critical role in COD efficiency. These neuromechanical processes underpin the agility and responsiveness required in fencing-specific footwork (21). 

Interestingly, the present study found that only the backward step significantly correlated with repeated lunge ability, suggesting that a fencer’s retreat efficiency plays a critical role in maintaining offensive readiness and executing successive lunges under fatigue. This finding offers a novel perspective, as previous research has primarily emphasized the importance of lower-body power and change of direction speed (CODS) in repetitive lunge performance. For example, Turner et al. (23) in 2016 identified CODS and leg strength as key physical characteristics underpinning repeated lunging in fencers without isolating the backward movement itself. Similarly, Lockie et al. (15) in 2018) highlighted the role of reactive strength and stretch-shortening cycle engagement in fencing-specific movements, such as bouncing and rapid direction changes, yet they did not directly examine the role of retreat actions. By identifying the retreat step as a contributing factor, this study adds to the existing body of knowledge by emphasizing the importance of the defensive-to-offensive transition as a potential area for performance enhancement in fencing.

These findings highlight the importance of lower-limb strength, power, and dynamic balance in key fencing performance metrics, such as lunge velocity, change-of-direction speed, and endurance. Specifically, rear-leg power and ankle and knee extensor strength appear to play a crucial role in executing explosive and repeated fencing movements. The observed associations suggest that plyometric exercises will be the target training to improving these physical attributes, which may enhance overall fencing performance. Therefore, plyometric exercises have been shown to effectively boost the stretch-shortening cycle (SSC) efficiency and reactive force output (8). Moreover, the drills replicate the unilateral and multidirectional demands of fencing while enhancing balance and neuromuscular control (16). 


CONCLUSIONS


This study highlights the critical role of lower-body power, reactive strength, efficient force application, and dynamic balance in optimizing fencing-specific movements. These insights provide valuable guidance for coaches and athletes in designing targeted training programs to enhance explosiveness, speed, and movement efficiency. 
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ABSTRACT

Roberts TD, Smith RW, Arnett JE, Ortega DG, Pioske JS, Schmidt RJ, Housh TJ. Accuracy of Using the Percent Change in Training Weight Versus Estimation Equations for Estimating the Training-Induced Percent Change in Strength. JEPonline 2025;28 (2):113-125. The present study cross-validated estimations of the training-induced percent change in a bench press (BP) one-repetition maximum (%Δ1RM) from: (a) the percent change in training weight (%ΔTW) from sets performed to failure; and (b) 2 exponential equations (EQs) that use repetitions-to-failure to estimate 1RM. Fifty-eight men trained the BP 3 days⋅wk-1 for 8 weeks with 1 working set to failure at ~80% 1RM. The %ΔTW and the estimations of 1RM for the EQs were calculated from the working set of the first and last training session. The %ΔTW and the estimated %Δ1RM from the EQs were cross-validated against the measured %Δ1RM by examining: Constant error (CE) using a paired t-test, correlation coefficient (r), standard error of the estimate (SEE), and total error (TE). The mean %ΔTW overestimated (P < 0.001) the mean measured %Δ1RM by 3.3%; whereas, the 2 EQs exhibited non-significant CE values (P = 0.376 – 0.734; CE = -0.2 – 0.5%). However, the 3 estimations demonstrated similar correlation coefficients (r = 0.83 – 0.87), SEE (4.0 – 4.7%), and TE (4.6 – 5.3%) values. These TE values represented 28.6-33.0% of the mean measured %Δ1RM of 16.1%. Thus, the %ΔTW was approximately as accurate as the estimations from the exponential EQs for estimating the measured %Δ1RM. Practitioners should consider the magnitude of the TE values for each method.


Key Words: Cross-Validation, Prediction, Resistance Training, 1RM

INTRODUCTION

Improving muscular strength is a popular outcome of resistance training for a variety of populations because greater strength has been associated with reduced all-cause mortality, improved activities of daily living, and enhanced athletic performance (4,11,41,47). The most common method for assessing muscular strength is a dynamic constant external resistance (DCER) one-repetition maximum (1RM), which is the maximum amount of weight that can be lifted through a full range of motion for a single repetition (5). The barbell bench press (BP) is a popular exercise for assessing upper body DCER strength since it is a multi-joint movement that can be easily modified for progressive overloading and has been well documented to increase upper body strength (12,13,32,46). Thus, pre-training and post-training BP 1RM assessments are effective for measuring training-induced increases in strength.


One-repetition maximum testing is a trial-and-error method that involves multiple warm-up sets followed by 1RM attempts performed with near maximal, maximal, and supramaximal (i.e., failed 1RM attempts) weights and 2 to 4 minutes of rest between attempts (40,43). Numerous equations (see reference 39) that estimate 1RM from a single set of repetitions-to-failure (RTF) performed with submaximal weights have been developed for use when 1RM testing may not be warranted, such as when there are time-constraints or concerns regarding the risk of injury (3,6,26,48). There is evidence that the relationship between BP RTF and % of 1RM is curvilinear (3,9,22,34), and a recent cross-validation study (39) that included 43 recreationally active men indicated that the exponential equations developed by Lombardi (19) and Mayhew et al. (22) provided the lowest total error (TE) in estimating BP 1RM within a range of 4 to 10 RTF. Although many studies have cross-validated the accuracy of various equations (EQs) for estimating 1RM values of different movements (16,21,25, 27,28,33,34,39,48-50), there are a limited number of studies that have cross-validated the accuracy of the EQs for estimating training-induced absolute changes in 1RM (i.e., estimated absolute change in 1RM = estimated post-training 1RM – estimated pre-training 1RM) (3,24,26,37,38).

Resistance training studies have shown that the percent increase in the training weights of RTF for a set RM (e.g., 8RM) or a % of 1RM to failure (e.g., 80% 1RM to failure) is very similar to the training-induced percent increase in 1RM (3,10,14,23,31,42). Therefore, Carpinelli (7) argued that estimating 1RM values using EQs may not be necessary for estimating training-induced changes in 1RM because the percent change in training weight should closely approximate the percent change in 1RM. To illustrate, Carpinelli (7) stated: “If there is a 10% increase in 8RM with training, that trainee’s 1RM for that exercise also would have increased approximately 10%” (page 100). The evidence provided by Carpinelli (7), however, included only studies that reported similar or no significant mean differences between the training-induced percent increase in RTF weight and the training-induced percent increase in 1RM (3,10,14,23,31,42). This evidence is indicative of a low constant error (CE = estimated mean value – measured mean value) between the percent change in training weight and the percent change in 1RM. While desirable, a non-significant mean difference indicates that there is no systematic error, but it provides limited information regarding the overall accuracy of a model to estimate measured values. In addition to the CE, the cross-validation procedures should include evaluations of the correlation coefficient (r), standard error of the estimate (SEE), TE, and Bland-Altman plots (1,15,18,37,44). No previous studies have compared the accuracies of the percent change in training weight versus EQs that use RTF for estimating the measured resistance training-induced percent change in 1RM. Therefore, the purpose of this study was to use cross-validation procedures to determine the accuracy of estimations of training-induced percent changes in BP 1RM values from: (a) the percent change in training weight from sets performed to failure; and (b) equations (19,22) that use training weight and RTF to estimate 1RM (refer to Table 1).

METHODS



Subjects


Fifty-eight men (age: 20.7 ± 1.5 years; height: 181.7 ± 6.8 cm; body mass: 85.2 ± 12.5 kg) were included in this study. The data were collected from 2 separate studies that were part of larger, multiple independent and dependent variable investigations, but none of the data in the present study has been previously published (33,37-39,45). Furthermore, the 2 studies had identical BP training and testing methodologies, as well as inclusion and exclusion criteria. The subjects were recreationally active (29) and had no upper or lower body pathologies that would interfere with BP testing and training performance. The subjects reported participating in the following activities and sports for at least 1 day per week: Aerobic exercise (n = 46); resistance training (n = 43); basketball (n = 10); volleyball (n = 2); football (n = 2); triathlon (n = 1); soccer (n = 1); softball (n = 1); rowing (n = 1); and martial arts (n = 1). Both studies were approved by the University’s Institutional Review Board for Human Subjects (IRB Approval #: 20210721118FB; IRB Approval #: 20241023707FB), and all the subjects reviewed and signed a written Informed Consent before participating in the study.

Procedures


Bench Press One-Repetition Maximum

The pre-training and post-training BP 1RM assessments were performed on a flat bench with a rack, Olympic bar, and free weights before and after 8 weeks of resistance training, respectively. One or more spotters were always present during the testing. The protocol was in accordance with the guidelines established by the National Strength and Conditioning Association (43). The subjects performed 3 warm-up sets in the following order with 1 to 2 minutes of rest between each set: (1) 5 to 10 repetitions with a light resistance, (2) 3 to 5 repetitions with a 4.54 to 9.07 kg increase in weight, and (3) an estimated near-maximal weight for 2 to 3 repetitions with a 4.54 to 9.07 kg increase in weight. After the third warm-up set, the subjects were given 2 to 4 minutes of rest and performed their first 1RM attempt with a 4.54 to 9.07 kg increase in weight. The subjects were given strong verbal encouragement for all 1RM attempts. If the subject performed a successful 1RM attempt, they were given 2 to 4 minutes of rest and performed another attempt with an increase in weight of 4.54 to 9.07 kg. If the subject failed a 1RM attempt, they were given 2 to 4 minutes of rest and performed another attempt with a decrease in weight of 2.27 to 4.54 kg. A 1RM attempt was considered successful if the subject performed the BP with proper technique and through a full range of motion (30). The weight was increased or decreased by an investigator until the subject completed a BP 1RM. The smallest possible change in weight was 2.27 kg.


Bench Press Resistance Training


The subjects trained the BP movement 3 days⋅wk-1 for 8 weeks with the same equipment as the BP 1RM testing. The subjects were required to complete a minimum of 80% of the training sessions (≥20 training sessions) to be included in the study. All training sessions consisted of 2 warm-up sets of 8 repetitions at approximately 50% and 70% 1RM, respectively, and 1 working set to failure at approximately 80% 1RM. Failure was defined as the inability to perform a BP repetition with proper technique (30). The subjects were given strong verbal encouragement for all repetitions during the working set. The percentage of 1RM for the weights of the warm-up and working sets of the first training session were based on the pre-training 1RM. Throughout the training, if the subjects completed ≥8 RTF for the working set, the weights for the warm-up sets and working set for the subsequent training session were increased by 2.27 kg. In contrast, if the subjects completed ≤7 RTF during the working set, the weights for the warm-up sets and working set for the subsequent training session were unchanged. All sets were separated by 2 to 4 minutes of rest.

Estimating The Percent Change in One-Repetition Maximum


The purpose of this study was to cross-validate estimates of percent changes in 1RM values from 2 methods: (a) the percent change in training weight from sets performed to failure (7); and (b) the equations (19,22) that used weight and number of RTF to estimate 1RM (Table 1). The weight and the number of RTF for the first and last training sessions were input into the equations by Lombardi (19) and Mayhew et al. (22) to estimate pre-training and post-training 1RM values, respectively. Thus, the percent change in 1RM from the equations was estimated using the following equation: 


Estimated Percent Change in 1RM = ((Estimated Post-Training 1RM – Estimated Pre-Training 1RM) / Estimated Pre-Training 1RM) × 100


The percent change in training weight was calculated from the first and last training sessions using the following equation: 


Percent Change in Training Weight = ((last session’s training weight – first session’s training weight) / first session’s training weight) × 100


Table 1.  The Published Equations Used in the Cross-Validation Analyses.


		Source

		Equation

		r

		SEE

		Sample Characteristics and Size



		Lombardi (19)

		RTF0.1×W

		N.A.

		N.A.

		“Intermediate and advanced trainees” (n = NA)



		Mayhew et al. (22)

		W/([52.2+41.9e-0.055×RTF]/100)

		0.98

		4.8 kg

		Recreationally trained men (n = 184) and women         (n = 251)





NA = Not Available (from source); r = correlation coefficient; RTF = Repetitions-To-Failure; SEE = Standard Error of the Estimate; W = Weight lifted in kg.

Statistical Analyses

Absolute changes in the measured BP 1RM, RTF weight, number of RTF, and percentage of 1RM (from the RTF weight) values from pre-training to post-training were analyzed with individual paired t-tests. The cross-validation statistical procedures consisted of examining CE values using paired t-tests, as well as Pearson Correlation Coefficient (r), standard error of the estimate (SEE), and TE values. Total error was calculated using the following equation:

TE = √Σ (Estimated Percent Change – Measured Percent Change)2 / Sample Size

The r values were classified using the following guidelines (8): poor (r < 0.40), fair (r = 0.40 – 0.59), good (r = 0.60 – 0.74), and excellent (r = 0.75 – 1.00). Estimates of the percent change in 1RM values from the equations and the percent change in training weight were cross-validated against the measured percent change in 1RM values. The accuracy of the estimated percent change in 1RM values was determined using the following cross-validation criteria (15,17,33,37-39,44): (a) the mean estimated values should be close to the mean measured values (i.e., a CE value close to zero); (b) the estimated SD value should be similar to the measured SD value; (c) a low SEE value is desirable; and (d) the TE should be calculated since it represents the true difference between estimated and measured values; whereas, the SEE reflects only the error associated with the regression between the 2 variables. All the cross-validation criteria were considered, however, primary consideration was given to TE, because Sinning et al. (44) suggested that it is the single, best criterion for determining true differences between the estimated and the measured values. Bland-Altman plots (1) of the estimated percent changes in 1RM values from the equations and percent change in training weight were used to examine trends in the CE values. An alpha level of P ≤ 0.05 was used for determining statistical significance. The data were analyzed using IBM Statistics v. 29 (Armonk, NY, USA).

RESULTS


The subjects completed on average 90.66 ± 5.9% of the 24 training visits, with a range of 83.33 to 100% completion. The absolute values and percent change values from pre-training to post-training BP 1RM, RTF weight, percentage of 1RM, and number of RTF are displayed in Table 2. There were significant (P < 0.001) increases in mean BP 1RM and training weight values from pre-training to post-training of 13.7 kg (Table 2). Furthermore, the mean percentage of 1RM for the training weight increased (P < 0.001) by 2.4%; whereas, the mean number of RTF decreased (P < 0.001) by 1.6 repetitions (Table 2).

The cross-validation analyses for the estimates of the training-induced percent change in 1RM values from the equations and percent change in training weight are displayed in Table 3. The equations of Lombardi (19) and Mayhew et al. (22) exhibited no significant (P = 0.376 and 0.734, respectively) differences between the estimated and measured percent changes in 1RM values (CE = 0.5 and -0.2%, respectively); whereas, the percent change in training weight overestimated (P < 0.001) the measured percent change in 1RM by 3.3%. All three estimations exhibited excellent correlations (r = 0.83 – 0.87) between the estimated and measured absolute changes in 1RM values, and the SEE values were within a similar range (SEE = 4.0 – 4.7%). 

The equation of Lombardi (19) demonstrated the lowest TE of 4.6%, and the TE values from the percent change in training weight and equation of Mayhew et al. (22) were 5.2 and 5.3%, respectively. These TE values represented 28.6 to 33.0% of the mean measured percent change in 1RM of 16.1%. Bland-Altman plots of the percent change in 1RM for all 3 estimations are displayed in Figure 1. None of the equations demonstrated a significant relationship (r = -0.06 – 0.24, P = 0.068 – 0.671) between CE and mean percent change in BP 1RM.


Table 2.  Performance Characteristics of the Subjects (n = 58).

		

		Pre-Training

		Post-Training

		

		



		Variable

		Mean ± SD

		Range

		Mean ± SD

		Range

		P-Value

		Percent Change*



		BP 1RM (kg)

		  90.6 ± 17.1

		54.4 – 127.0

		104.3 ± 16.5

		70.3 – 136.1

		<0.001

		16.1%



		RTF weight (kg)

		  74.2 ± 13.8

		45.4 – 104.3

		  87.9 ± 13.9

		61.2 – 117.9

		<0.001

		19.4%



		Percentage of 1RM (%)

		 82.0 ± 1.5

		80.0 – 87.2

		84.4 ± 2.9

		79.2 – 91.4

		<0.001

		  2.9%



		Number of RTF (repetitions)

		   7.5 ± 1.9

		  3.0 – 13.0

		  5.9 ± 1.5

		3.0 – 8.0

		<0.001

		-15.6%





1RM = One-Repetition Maximum; BP = Bench Press; RTF = Repetitions to Failure. *Percent Change = ((post-training value – pre-training value) / pre-training value) × 100.


Table 3.  Results of the Cross-Validation Analyses for Estimating the Training-Induced Percent Change in Bench Press One-Repetition Maximum from the Published Equations and Percent Change in Training Weight.

		Equation

		Estimated Percent Change in 1RM 


(mean ± SD as a %)

		Measured Percent Change in 1RM  


(mean ± SD as a %)  

		CE  (%)  

		P-Value

		r

		SEE (%)

		TE (%)



		Lombardi (19)*

		16.6 ± 9.3

		16.1 ± 8.3

		0.5

		0.376

		0.87

		4.2

		4.6



		Mayhew et al. (22)*

		15.8 ± 9.6

		16.1 ± 8.3

		-0.2

		0.734

		0.83

		4.7

		5.3



		Percent Change in Training Weight†

		19.4 ± 8.1

		16.1 ± 8.3

		3.3

		<0.001

		0.88

		4.0

		5.2





1RM = One-Repetition Maximum; CE = Constant Error; r = Correlation Coefficient; SEE = Standard Error of the Estimate; and TE = Total Error. *Estimated percent change in 1RM from the equations = ((estimated post-training 1RM – estimated pre-training 1RM) / estimated pre-training 1RM) × 100. †Percent change in training weight = ((last sessions’ training weight – first sessions’ training weight) / first session’s training weight) × 100.
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Figure 1. Bland-Altman Plots of the Relationships between the Constant Error (Estimated Percent Change in 1RM – Measured Percent Change in 1RM) and the Mean Percent Change in 1-RM ([Estimated Percent Change in 1RM + Measured Percent Change in 1RM] / 2) for (a) the Equation of Lombardi (19), (b) the Equation of Mayhew et al. (22), and (c) the Percent Change in Training Weight. 


DISCUSSION


The purpose of this study was to use cross-validation procedures to determine the accuracy of estimations of training-induced percent changes in BP 1RM values from: (a) the percent change in training weight from sets performed to failure; and (b) the equations (19,22) that use training weight and RTF to estimate 1RM. The mean percent increase in training weight (19.4%) was 3.3% greater (P < 0.05) than the mean percent increase in 1RM (16.1%) (Table 4). These findings did not support the hypothesis of Carpinelli (7) that the training-induced percent change in a weight performed to failure (e.g., the weight of an 8RM) should be approximately equal to the training-induced percent change in 1RM. This hypothesis (7) was based on the results of previous studies (3,10,14,23,31,42) that used various designs, including determining training-induced changes in 1RM and the weight associated with a specific RM (e.g., an 8RM) or % of 1RM (e.g., 80% of 1RM). For example, Fish et al. (10) reported no differences in the training-induced percent increases in the weights of a 1RM versus 10RM (96.5% versus 105.5%, respectively) for the unilateral leg extension movement. 

Furthermore, Hickson et al. (14) reported no differences for pre-training and post-training RTF performed at 80% 1RM for the BP (pre-training = 7.6 repetitions and post-training = 7.1 repetitions) and squat (pre-training = 8.0 repetitions and post-training = 8.7 repetitions). The current findings, however, were consistent with those of Braith et al. (2) who reported a greater training-induced percent increase in the weights associated with a 7RM to 10RM (51.4%) than a 1RM (31.7%). Carpinelli (7) suggested that the findings of Braith et al. (2) were due to the RTF assessments being performed within a range of 7 to 10 RTF rather than a specific RM or percentage of 1RM. The resistance training program in the present study was designed so that the weight performed during the working set to failure of each training session was approximately 80% 1RM and the RTF were ≤ 8 repetitions. However, the mean change in training weight as a percentage of 1RM increased by 2.4% and the RTF decreased by 1.6 repetitions between the first and last training sessions (Table 2). Thus, the present findings indicated that, on average, the percent increase in training weight from the first to last training sessions overestimated the mean percent increase from pre-training and post-training 1RM.

The estimated percent changes in 1RM from the EQs of Lombardi (19) and Mayhew et al. (22) did not differ (i.e., P > 0.05 for CE) from the measured percent change in 1RM (Table 3). Although a nonsignificant CE is desirable as an assessment of systematic error, it provides only limited information regarding the ability of a model to estimate measured values and, therefore, cross-validation procedures should not be limited to CE (15,18,37,44). For example, a model could result in the subjects having equally large overestimations and underestimations of the measured values and result in a nonsignificant CE value near zero. Therefore, cross-validation procedures should also include correlation coefficients, SEE values, TE values, and Bland-Altman plots (1,15,18,37,44). The EQs of Lombardi (19) and Mayhew et al. (22) and the percent change in training weight exhibited similar, excellent correlations (r = 0.83 – 0.88) between the estimated and measured percent changes in 1RM values (Table 3). 

In addition, the Bland-Altman plots (Figure 1) displayed that there were no significant relationships (P > 0.05, r = -0.06 – 0.24) between the CE and mean percent changes in 1RM values, which indicated that there were no trends in the CE values across mean the percent changes in 1RM values. Furthermore, the percent change in training weight demonstrated the lowest SEE value of 4.0%, but the EQs of Lombardi (19) and Mayhew et al. (22) exhibited similar SEE values of 4.2 and 4.7%, respectively (Table 3). However, the EQ of Lombardi (19) exhibited the lowest TE value of 4.6%, and the percent change in training weight and EQ of Mayhew et al. (22) demonstrated similar TE values of 5.2 and 5.3%, respectively (Table 3). Thus, although the percent change in training weight exhibited a significant difference from the measured percent change in 1RM, it demonstrated a TE value that was similar to the EQs of Lombardi (19) and Mayhew et al. (22).


The TE values from the EQ of Lombardi (19), the percent change in training weight, and EQ of Mayhew et al. (22) represented 28.6, 32.2, and 33.0%, respectively, of the mean measured percent change in 1RM of 16.1%. Therefore, when using the EQ of Lombardi (19) (i.e., the EQ with the lowest TE) or the percent change in training weight, the expected error around the mean measured training-induced percent change in BP 1RM of 16.1% would range from approximately 11.5 to 20.7% and 10.9 and 21.3%, respectively. In absolute terms, the expected error around the mean measured absolute change in BP 1RM of 13.7 kg from the EQ of Lombardi (19) and the percent change in training weight would range from approximately 9.8 to 17.6 kg and 9.3 to 18.1 kg, respectively. Thus, the estimation of the percent change in 1RM from the percent change in training weight was approximately as accurate as the estimation from the EQ of Lombardi (19). After assessing the TE values in addition to the CE, the present findings support the hypothesis of Carpinelli (7) that EQs do not provide additional benefit for estimating the percent change in 1RM when compared to the percent change in training weight. However, practitioners should be aware of the expected errors associated with using EQs or the percent change in 1RM to estimate the change in 1RM.


The present findings are limited to recreationally active men. Resistance training experience or sex may influence muscular endurance and, therefore, affect the accuracy of EQs that use RTF to estimate 1RM (14,20,35). In addition, a recent systematic review and meta-analysis (36) concluded that untrained women may display higher capacities to increase upper-body strength than males, which may influence the relationship between the percent change in training weight and the percent change in BP 1RM. The current results are also limited to the BP movement and BP training protocol. 

Future cross-validation studies should examine the different movements and types of training protocols to determine if those factors influence the accuracy of using EQs or the training-induced percent change in training weight to estimate the training-induced percent change in 1RM. Furthermore, for external validity, the present study tracked changes in training weight from the first to the last training sessions. However, this design resulted in significant differences from the first to last training session for the number of RTF and the percentage of 1RM of training weight, which may have affected the ability of the percent change in training weight to estimate the percent change in 1RM. Thus, future cross-validation studies should use a set pre-training and post-training RM or percentage of 1RM to examine if that design affects the accuracy of the percent change in training weight to estimate the percent change in 1RM.

CONCLUSIONS


The present study cross-validated the percent change in training weight from sets performed to failure and EQs (19,22) that estimate 1RM using weight and RTF for estimating the percent change in BP 1RM. Although the percent change in training weight was significantly greater than the percent change in 1RM, the TE from the percent change in training weight (5.2%) was similar to the EQs of Lombardi (19) (4.6%) and Mayhew et al. (22) (5.3%). 

However, practitioners should be aware that the range of TE values for all 3 estimations represented approximately 28.6 to 33.0% of the mean measured percent change in 1RM of 16.1%. Thus, the expected error around the mean measured percent change in 1RM of 16.1% or the absolute change in 1RM of 13.7 kg would range from 10.8 to 21.4% or 9.2 to 18.2 kg, respectively. The current findings provide information for practitioners to make informed decisions regarding estimating training-induced changes in BP 1RM from the percent change in training weight or EQs that use weight and RTF for estimating 1RM.
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ABSTRACT

Piakaew N, Subprasert V, Lutthapinun N, Saitong A, Chinapong S, Nokkaew N. A Comparison of Body Composition, Energy and Macronutrient Intakes Between Recreational Bodybuilders and Healthy Adults. JEPonline 2025;28(3):126-137. The purpose this study was to compare body composition, energy, and macronutrient intake of recreational bodybuilders and healthy adults. Twenty-four men were recruited for this investigation. The study included 12 recreational bodybuilders (RBs Group) and 12 healthy adults (HAs Group) between the ages of 20 and 30. Each participant's body composition was measured, and their food intake was monitored for 3 days. The data were examined by descriptive statistics and t-tests. Significant differences were observed between lean mass (LM), percentage of lean mass (%LM), fat mass (FM), percentage of fat mass (%FM), body mass index (BMI), visceral adipose tissue (VAT), bone mineral density (BMD), resting metabolic rate (RMR), energy, protein, and fat intake. The energy distribution from carbohydrates, proteins, and fat was 54:31:15 for the RBs Group and 56:24:20 for the HAs Group. The findings indicate that body composition and macronutrient intake influence overall health and muscle development. 
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INTRODUCTION

Bodybuilding is a sport characterized by a systematic approach to training, emphasizing the aesthetic development and symmetry of muscular physique. Bodybuilders aim to significantly enhance muscle mass, size, and strength by utilizing resistance training programs to promote hypertrophy. Competitors strive to achieve a physique marked by muscular symmetry, proportion, and minimal body fat through targeted weightlifting exercises that isolate specific muscle groups (5). Unlike other athletic competitions, bodybuilding emphasizes appearance over athletic performance during contests. Athletes present their physiques through specific poses on stage, where judges assess symmetry, proportion, muscle size, and definition. Competitors exhibiting larger muscles with superior symmetry, proportionality, and muscular definition typically gain a competitive advantage.


Bodybuilding involves more than resistance training alone. A carefully managed nutritional strategy is critical for reducing body fat and increasing muscle mass. Consequently, balanced macronutrient intake plays a pivotal role in determining physical outcomes in addition to resistance exercises that directly influence muscle growth and overall body composition. Variations in dietary habits and exercise routines can result in significant differences in body composition among individuals regularly engaged in physical activity. Competitive bodybuilders are known for their distinctly defined physiques that result from rigorous training programs combined with meticulously planned diets to maximize lean muscle mass while minimizing body fat (18).

During off-season training phases, beginner and intermediate bodybuilders are advised to follow a high-calorie diet (~10 to 20% above maintenance) to facilitate gradual weight gain of approximately 0.25 to 0.5% body weight per week. Advanced bodybuilders, however, should adopt a more conservative approach regarding caloric surplus and rate of weight gain. Optimal protein intake ranges from 1.6 to 2.2 g·kg-1·day-1, ideally distributed evenly throughout the day (3 to 6 meals), with an intake of 0.40 to 0.55 g·kg-1 per meal, including meals consumed 1 to 2 hours pre- and post-exercise. Recommended dietary fat consumption should be between 0.5 to 1.5 g·kg-1·day-1, while carbohydrate (CHO) intake should remain at least 3 to 5 g·kg-1·day-1 to adequately support the energy demands of resistance training (6).


In contrast, individuals who exercise regularly but do not engage specifically in bodybuilding typically prioritize physical activity for overall health benefits, cardiovascular endurance, or maintenance of strength. Unlike bodybuilders, these individuals might not adhere strictly to structured meal plans or supplementation regimens. Instead, they follow balanced, diverse diets to support weight management and reduce cardiovascular disease risks (25). Differences in dietary practices directly influence body composition outcomes, particularly muscle mass and body fat percentage (11). Resulting in distinct nutritional profiles between recreational bodybuilders and general fitness enthusiasts. These differences ultimately manifest in variations in lean muscle mass, body fat percentage, and overall physique that are measurable through body composition assessments.


Despite growing interest in physique enhancement through structured exercise and nutrition, there is a notable gap in the literature comparing the dietary behaviors and body composition of recreational bodybuilders and general fitness participants. Most prior studies have extensively examined nutritional habits and their impacts on professional bodybuilders and elite athletes. However, comparative data between recreational bodybuilders and healthy adults remain limited. Most existing research has primarily explored the effects of strict dieting, caloric restriction, and nutritional supplementation among professional athletes. Few studies have investigated how recreational bodybuilders manage their macronutrient intake compared to individuals engaged in general fitness-oriented activities. Understanding these differences is critical since it can reveal how specific dietary practices that influence body composition outcomes, such as lean muscle mass and body fat percentage. By addressing this research gap, the purpose of this study was to provide evidence-based insights that can inform dietary recommendations tailored to various fitness goals that range from general health improvement to targeted physique development.

METHODS

Subjects


Purposive Sampling was used, and the sample size was calculated using G*Power (3.1.9.2, Dusseldorf, Germany), with a confidence level of 95% (α = 0.05), the statistical power of 0.80, and an effect size of 0.25, based on the research of Crossland et al. (2), A total of 24 men volunteered to participate in this study and completed the screening data according to the selection criteria via Google Form. This includes 12 recreational bodybuilders (RBs) and 12 healthy adults (HAs). All the participants were between 20 and 30 years of age, completed the 2023 Physical Activity Readiness Questionnaire Plus (PAR–Q+), had not taken any medications in the previous 6 months, exercised at least 3 days per week, and had more than 2 years of resistance-exercise experience. Recreational bodybuilders' inclusion criteria included resistance training as well as exercise. The participants’ flowchart is presented in Figure 1.






Figure 1. The Participants’ Flowchart.

Procedures


The participants’ screening was conducted using a Google Form, and recreational bodybuilders who met the eligibility criteria were assigned to an RB's LINE group. In contrast, healthy adults were assigned to HA's LINE group for the study, where they reported their food intake and attached photos of their meals. This LINE group was used primarily for appointment and communication.

Body Composition


The participants’ body composition was measured at Chulalongkorn University in Thailand. They were instructed to measure in a fasted state (no food or drink for 8 hours prior). They were also requested to abstain from drinking for at least 24 hours and exercise for at least 12 hours before being assessed for body composition. These guidelines were set to minimize the effects of fluid shifts and hydration status on the body composition assessment (15). Before being assessed, the participants were requested to remove their watches, earrings, necklaces, bracelets, and other metal items. Dual Energy X-ray Absorptiometry; DXA (GE Healthcare, Prodigy-Pro, USA) was used to assess body weight (BW), lean mass (LM), percentage of lean mass (%LM), fat mass (FM), percentage of fat mass (%FM), body mass index (BMI), visceral adipose tissue (VAT), bone mineral density (BMD), and resting metabolic rate (RMR).

Energy and Macronutrient Intakes

The participants recorded their dietary intake over 3 days using a food record form that included 2 weekdays and 1 weekend day. They were asked to document each meal by providing the meal name, ingredients, portion size, and units. To minimize reporting errors, the participants were instructed to upload photos of their meals to a designated LINE group. The dietary data were analyzed using the INMUCAL-Nutrients V.4.0 program (Institute of Nutrition, Mahidol University, Thailand), which calculated total energy intake, macronutrient quantities, and the percentage distribution of energy from each macronutrient.

Statistical Analyses


Statistical analyses were conducted using IBM SPSS Statistics software, version 28.0 (SPSS, IMB Statistics, New York, US). Descriptive statistics was used for all measured outcomes. The data are expressed as mean ± SD. Differences between the Groups were determined by independent t-test. Statistical significance was accepted at P < 0.05. 

RESULTS


Descriptive statistics and independent samples t-tests were used to compare characteristics, body composition, energy, and macronutrient intake between RBs and HAs.

Body Composition


Significant differences were observed between the 2 Groups in several body composition variables. RBs had significantly higher values in the following variables: LM, %LM, BMD, and RMR. Conversely, RBs had significantly lower FM, %FM, and VAT values. No significant differences were found in age, BW, and BMI. The findings are shown in the table below. 

Table 1. Comparison of Body Composition Variables between Recreational Bodybuilders and Healthy Adults.


		Variable

		Recreational 

Bodybuilders

		Healthy 

Adults

		P-value



		Age (years)

		24.42 ± 2.61

		22.75 ± 2.49

		0.124



		Body weight (kg)

		69.19 ± 6.51

		67.33 ± 5.53

		0.458



		BMI (kg/m²)

		22.30 ± 2.05

		22.87 ± 1.50

		 0.224



		Lean Mass (kg)

		55.74 ± 4.59

		47.28 ± 3.87

		< 0.001*



		%Lean Mass

		80.66 ± 2.63

		70.33 ± 3.80

		< 0.001*



		Fat Mass (kg)

		10.50 ± 2.58

		17.36 ± 3.32

		< 0.001*



		%Fat Mass

		15.73 ± 2.80

		26.74 ± 4.02

		< 0.001*



		VAT (g)

		  70.50 ± 82.27

		  330.67 ± 193.94

		< 0.001*



		BMD (g/cm²)

		  1.36 ± 0.07

		  1.25 ± 0.09

		   0.003*



		RMR (kcal/day)

		      1,565.00 ± 87.14

		      1,397.42 ± 80.68

		< 0.001*





Values (Mean ± SD) for 12 participants. BMI = Body Mass; VAT = Visceral Adipose Tissue; BMD = Bone Mineral Density; RMR = Resting Metabolic Rate. Results are expressed as mean ± SD. *P < 0.05

Energy and Macronutrient Intake


Regarding energy and macronutrient intake (Table 2), total energy and protein intake were also significantly greater in RBs. In contrast, their fat intake was significantly lower. However, no significant difference was observed in CHO. 

Table 2. Comparison of Energy and Macronutrient Intake Variables between Recreational Bodybuilders and Healthy Adults.

		Variable

		Recreational Bodybuilders

		Healthy Adults

		P-value



		%CHO

		           53.57 ± 4.04


		56.15 ± 4.96

		0.177



		%Protein Intake

		           31.13 ± 2.47

		23.76 ± 4.10

		< 0.001*



		%Fat Intake

		           15.30 ± 2.98

		20.09 ± 3.03

		< 0.001*



		Total Caloric Intake (kcal)

		      1,884.31 ± 93.33

		 1,607.00 ± 98.11

		< 0.001*





Results are expressed as Mean ± SD. *P < 0.05

The analysis revealed substantial distinctions in macronutrient distribution between the 2 Groups. The RBs Group consumed significantly more protein and less fat than the HMs Group, although CHO intake was similar between both Groups (Figure 2). 
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Figure 2. Macronutrient Distribution (% of Total Energy Intake) in the Recreational Bodybuilders and the Healthy Adults. The Stacked Bars Represent the Average Percentage of Energy Derived from CHO (Dark Gray), Proteins (Light Gray), and Fats (Medium Gray) in Each Group. 

DISCUSSION


Body Composition


Lean Mass (LM) and Percent Lean Mass (%LM)

The recreational bodybuilders exhibited higher LM and %LM than the healthy adults. These physiological adaptations result from consistent resistance training coupled with strict nutritional control. Continuous moderate-to-high-intensity resistance training induces mechanical loading on the skeletal muscles, causing microtrauma to muscle fibers and stimulating muscle protein synthesis (MPS) for repair and growth. A key mechanism underlying this process involves activating biomolecular signaling via the mammalian target of the rapamycin (mTOR) pathway, a crucial regulator of muscle protein synthesis (4).


Resistance training also promotes hypertrophy, particularly in the Type II fast-twitch muscle fibers, which have a high capacity for growth. Bodybuilders commonly experience significant hypertrophy due to repetitive high-intensity training over prolonged periods. This adaptation is consistent with the findings from Hackett et al. (5), who investigated training patterns among 127 competitive bodybuilders. The majority reported training 5 to 6 days per week using split routines targeting 1 to 2 muscle groups per session that lasted 60 to 90 minutes. These routines were primarily designed to maximize muscle mass and minimize body fat.


In contrast, the healthy adults primarily engaged in aerobic exercise (e.g., running and cycling) that leads to lower LM and %LM due to the cardiovascular nature of their training, which emphasizes energy expenditure and cardiovascular improvement without significantly promoting muscle hypertrophy. Willis et al. (24) supported these findings by comparing resistance training, aerobic training, and combined training over 8 months. They concluded that resistance and combined training increased lean body mass more than aerobic training.


Bone Mineral Density (BMD)

The recreational bodybuilders also demonstrated significantly higher BMD than the healthy adults that is explained by the adaptations induced by the consistent mechanical loading from resistance training, which aligns with Frost’s mechanostat theory (3). According to this theory, mechanical stimuli exceeding a threshold activate osteoblasts that promotes new bone formation while inhibiting osteoclast activity responsible for bone resorption, thus enhancing bone density.


Resistance training activities, including weightlifting, isometric and dynamic exercises performed by bodybuilders, apply multidirectional mechanical stress to the axial and appendicular skeletons, promoting repetitive stimuli for bone adaptation. Additionally, greater muscle mass supports bone health, as muscle contractions exert tensile forces at skeletal attachment sites that further stimulates bone mineral deposition and mass increase (21). Tsuzuku et al. (20) corroborated these findings, reporting significantly higher BMD in weightlifters than in the controls with BMD positively correlated with lifting performance. Similarly, Maillane-Vanegas et al. (12) found that individuals engaged in high-impact sports had greater BMD than those participating in sedentary or low-impact activities.

Resting Metabolic Rate (RMR)

The recreational bodybuilders exhibited higher RMR than the healthy adults, primarily due to their increased muscle mass. Skeletal muscle significantly influences RMR, given that it remains metabolically active even at rest with an energy expenditure of approximately 13 kcal·kg-1·day-1 compared to adipose tissue at 4.5 kcal·kg-1·day-1 (22). Aristizabal et al. (1) demonstrated that structured, periodized resistance training over approximately 9 months significantly increased RMR by about 5%, which was primarily attributed to the increase in lean muscle mass.


LaForgia et al. (10) reported that moderate-to-high-intensity training stimulates hormonal responses, including catecholamines, growth hormone, and testosterone that contribute to the increased enhancement of post-exercise energy expenditure (i.e., the Excess Post-Exercise Oxygen Consumption; EPOC). Kraemer and Ratamess (8) further explained how resistance training elicits hormonal secretion, such as: (a) testosterone that promotes protein synthesis and muscle hypertrophy; (b) growth hormone that supports fat metabolism and tissue repair; and (c) catecholamines (epinephrine, norepinephrine) that enhance energy mobilization and nervous system activation. These hormonal effects support muscle development, fat reduction, and elevated metabolic activity after exercise.


Fat Mass (FM) and Percent Fat Mass (%FM)

The recreational bodybuilders had significantly lower FM and %FM than the healthy adults, which is consistent with the findings of Schoenfeld et al. (17) who reported reduced fat mass to around 5% during competitive preparation. The bodybuilders also exhibited lower visceral adipose tissue (VAT) that aligns with Steele et al. (19) who showed significant VAT reduction through resistance training to muscular fatigue. Additionally, Wewege et al. (23) confirmed significant reductions in visceral fat and overall fat mass after at least 12 weeks of circuit and resistance training.


Energy and Macronutrient Intake


Total Energy Intake

The findings indicate that the recreational bodybuilders consumed significantly more total energy intake than the healthy adults. According to Wang et al. (22), higher lean body mass in bodybuilders elevates RMR, thus increasing daily energy requirements. Morton et al. (14) highlighted that a positive energy balance is crucial for muscle mass hypertrophy, thus requiring an elevation in energy and nutrient intake. Supporting this point, Ribeiro et al. (16) found that male bodybuilders who consumed approximately 67.5 ± 1.7 kcal·kg-1·day-1 experienced an increase in muscle mass and body fat over 4 weeks. Similarly, Spendlove et al. (18) reported male bodybuilders averaged 4,049 ± 892 kcal·day-1, which is significantly higher than the general population.


Protein Intake


Recreational bodybuilders consumed significantly more protein than healthy adults due to their need to support muscle protein synthesis and muscle hypertrophy. Adequate protein intake is crucial for muscle growth and repair, with a recommended intake between 1.6 to 2.2 g·kg-1·day-1 (14). In addition, bodybuilders need energy to restore and prevent muscle breakdown. Bodybuilders need to maintain as much muscle mass as possible. Therefore, they often need to consume sufficient energy and nutrients, especially protein and CHO to slow down protein breakdown and replenish glycogen after training (13). Hackett et al. (5) confirmed bodybuilders typically prioritize high protein, moderate CHO, and low-fat diets, supplemented by whey protein, creatine, and branched-chain amino acids (BCAAs). In contrast, healthy adults often consume lower protein levels (<1.2 g·kg-1·day-1) and they often lack structured nutritional planning. Spendlove et al. (18) observed that the competitive bodybuilders consumed approximately 2.3 g·kg-1·day-1 of protein, which significantly exceeds the general population averages.


Fat Intake


Recreational bodybuilders had significantly lower fat intake than healthy adults, which aligns with nutritional strategies that emphasize muscle mass maintenance and reduced body fat, particularly pre-competition. Limiting fat intake preserves dietary energy for protein and CHO that are essential for muscle recovery and growth. Spendlove et al. (18) noted that fat intake in bodybuilders typically ranged between 15 to 30% of their total energy, and is often below 20% during competitive phases, which is significantly lower than the general population. Lambert et al. (9) found that reduced dietary fat effectively decreased body fat percentage while preserving lean mass. In contrast, healthy adults typically do not have specific body composition goals and consume more fat.


Carbohydrate Intake


CHO intake was not significantly different between the recreational bodybuilders and the healthy adults. Although bodybuilders had higher overall energy needs, their CHO consumption was moderate to adequately support their intensive training without compromising body composition goals. Spendlove et al. (18) reported bodybuilders consumed CHO within general recommendations (4 to 7 g·kg-1·day-1) appropriate for moderate-to-high physical activity levels. Similarly, healthy males in regular aerobic activities also maintained comparable CHO intake, which is essential to preserve muscle glycogen and optimize their training performance (7).


Similarly, healthy adults who regularly engage in aerobic exercises, such as running, swimming, or cycling have comparable CHO requirements since CHO serves as their primary energy source during sustained aerobic activities. Several studies indicate that adequate CHO intake is crucial for maintaining muscle glycogen levels and enhancing training performance across different exercise modalities. Kerksick et al. (7) recommend that individuals participating in weight training or intense physical activity consume CHO at a rate of 3 to 7 g·kg-1·day-1, depending on the exercise intensity. This recommendation aligns with the CHO intake observed in recreational bodybuilders and active healthy adults. Therefore, the similar CHO consumption between these 2 Groups likely reflects appropriate CHO levels tailored to meet the distinct metabolic demands associated with their respective training activities.


Macronutrient Distribution

According to this study, the energy proportion from macronutrients in recreational bodybuilders was approximately 54% CHO, 31% protein, and 15% fat; whereas, healthy adults had 56% CHO, 24% protein, and 20% fat. Although there was no statistically significant difference in CHO proportion, the difference in protein and fat proportions highlighted the different nutritional goals of each group. The nutrient proportions observed in the recreational bodybuilders in this study align with those found in the research of Lambert et al. (9), who stated that competitive bodybuilders should consume approximately 55 to 60% CHO, 25 to 30% protein, and 15 to 20% fat of total energy to be consistent with training and maintain proper body composition, which is very similar to the proportion of 54:31:15 found in the recreational bodybuilders. 

In contrast, healthy adults consume nutrient proportions according to the general population health guidelines without adjusting nutrient proportions for specific goals. Still, they are consistent with the Dietary Reference Intakes (DRIs) developed by the Food and Nutrition Board, Institute of Medicine, and National Academies that are widely accepted nutritional guidelines in the United States and Canada. Recommended proportions for CHO, protein, and fat are 45 to 65%, 10 to 35%, and 20 to 35% of the total energy intake, respectively, that are consistent with Zong et al. (25) who found that a healthy group of people consumed a diet with a proportion of 56% CHO, 14% protein, and 30% fat was associated with weight control and a reduced risk of cardiovascular disease. The CHO proportions observed in this study are very similar to those reported in previous research. Despite the slight variations across studies, a consistent trend emerged, that is, recreational bodybuilders tend to increase protein to support muscle growth and post-exercise recovery while limiting fat intake to control body composition. In contrast, healthy adults followed a more balanced diet without emphasizing specific macronutrient distributions tailored to performance or physique goals.


CONCLUSIONS


This study found that recreational bodybuilders had significantly greater percentage of lean mass, bone mineral density, resting metabolic rate, total energy intake, and protein intake than the healthy adults. Also, they showed significantly lower fat mass, percentage of fat, and visceral adipose tissue. While CHO intake was similar between the 2 Groups, recreational bodybuilders consume more protein and less fat that reflects their nutritional strategies to support muscle hypertrophy and fat reduction. In contrast, the healthy adults adhered to a more balanced but less targeted dietary pattern. These findings underscore how distinct training goals and nutritional planning contribute to differences in dietary intake and body composition outcomes.
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ABSTRACT

Mitchinson CJ, Succi PJ, Snell ER, Benitez B, Kwak M, Bergstrom HC. Test-Retest Reliability of the Gas Exchange Threshold, Respiratory Compensation Point, and Associated Heart Rates and Ratings of Perceived Exertion. JEPonline 2025;28(3):138-156. The purpose of this study was to assess the test-retest reliability of the gas exchange threshold (GET), the respiratory compensation point (RCP), and the heart rate (HR) and rating of perceived exertion (RPE) at each threshold. Nine males and nine females (mean ± SD, age: 23.33 ± 3.34 yr) completed 2 treadmill graded exercise tests to exhaustion to determine the GET and RCP, along with the HR and the RPE at each threshold. Mixed model (Time x Sex) ANOVAs (P < 0.05) examined the interaction and main effects for each threshold. Test-retest reliability was examined using the intraclass correlation coefficients (ICC2,1), standard errors of the measurement, coefficients of variation, and minimal differences. Absolute (L·min-1, m·s-1) and relative (mL·kg-1·min-1) GET and RCP (ICC = 0.933 to 0.975) showed excellent reliability, while normalized (%V̇O2max) values (ICC = 0.820 to 0.467) ranged from ‘excellent’ to ‘poor’. The HR at GET and RCP (ICC = 0.823 to 0.960) displayed ‘excellent’ reliability for the females, but was ‘good’ to ‘poor’ (ICC = -0.211 to 0.790) for the males. RPE related to these thresholds showed poor reliability for females (ICC = 0.324 to 0.509) and excellent to poor for males (ICC = 0.195 to 0.830). The GET and RCP were reliable and may be sensitive for prescribing exercise and detecting training changes. However, HR and RPE at these thresholds were less reliable.

Key Words: Cardiorespiratory Endurance, Fatigue Thresholds 

INTRODUCTION

Exercise responses are often described relative to the moderate, heavy, and severe exercise intensity domains (12). Estimating transitions between domains relies on fatigue thresholds like the ventilatory threshold (VT) and the gas exchange threshold (GET), respiratory compensation point (RCP), and critical power (CP) (12,19). These thresholds offer insight into the shifts within aerobic and anaerobic energy systems, and the corresponding demands for buffering metabolic byproducts (12,19). The VT and the GET occur around the exercise intensity that requires additional contributions of anaerobic energy and reflects the transition phase from the moderate to heavy domain (9,12,40). At the same time, CP has been defined as the highest power output where a metabolic steady state is reached, and is often used to identify the transition phase from the heavy to the severe exercise intensity domain (9,12,40). Although the subject to debate, the RCP, occurs when the production of hydrogen ions surpasses the buffering capacity and the rate of removal within the circulatory system has also been used to identify the transition phase from the heavy to the severe domain (12,19). 


Exercise programs for improving cardiorespiratory endurance are typically prescribed at a percentage of maximum heart rate (HRmax) or oxygen consumption rate (V̇O2max), or at a rating of perceived exertion (RPE) that can be sustained for 20 to 60 minutes and elicits the desired metabolic and cardiorespiratory responses (28). The current exercise prescription recommendations include a range of: (a) very light to moderate exercise intensities (<57 to 76% HRmax, <37 to 63% V̇O2max, RPE <9 to 13): (b) vigorous (77 to 95%HRmax, 64 to 90% V̇O2max, RPE 14 to 17); and (c) near maximal (>96%HRmax, >91% V̇O2max, RPE >17) (28). However, these current recommendations do not consider the physiological responses specific to the exercise intensity domains as described by the GET and RCP per individual. The GET and RCP are expressed as a V̇O2 and can be converted to a running speed, while exercise is often prescribed at a HR or RPE (28). Therefore, the HR and RPE associated with these thresholds may provide more ecological validity for the exercise prescription (15,27).  

Importantly, if HR and RPE values corresponding to GET and RCP can be determined with sufficient reliability, they could serve as effective proxies for prescribing exercise at physiologically meaningful intensities that reflect individual exercise capacities more closely than those expressed relative to maximal or reserve values (27). This approach may improve training precision compared to the traditional methods based on percentages of maximum HR, V̇O2max, and a range of RPEs (15). Previous research (26) has reported mean responses for the HR associated with VT1 (152 ( 12 b(min-1, 82.1 ( 4.3% HRmax) and RCP (172 ( 9 b(min-1, 93 ( 2% HRmax) in female participants utilizing cycle ergometry. In addition, O’Malley et al. (27) examined responses during cycle ergometry rides at the RPE associated with the GET and demonstrated high reliability (ICC <0.900) for all performance and metabolic parameters. However, the authors did not investigate the reliability of the RPE value associated with the GET. Thus, no previous studies have assessed the reliability of HR or RPE associated with GET and RCP. Furthermore, the previous studies (26,27) reporting the HR and RPE values associated with these thresholds have focused exclusively on one sex. 


Another important but underexplored factor in submaximal exercise responses is the potential influence of biological sex on the reliability of threshold-based metrics. Males and females differ in several physiological and perceptual responses to exercise, including cardiac output, hemoglobin concentration, skeletal muscle mass, and subjective ratings of effort (28). These differences may influence both absolute and relative values associated with GET and RCP. Yet, many studies have either failed to include female participants or have not examined sex differences in the reliability of these metrics.


Previous research has advocated for a test-retest approach to quantifying individual responses. Weir (41) advocated for using the minimal difference (MD) to be considered real, which represents a 95% confidence interval around the standard error of measurement (SEM) to determine ‘real’ individual differences test–retest. Utilizing the MD alongside various reliability statistics, such as the intraclass correlation coefficient (ICC), SEM, and coefficient of variation (CoV) can yield valuable data for assessing the likelihood of obtaining true absolute, relative, and normalized expressions of GET and RCP, as well as the HR and RPE values associated with each threshold. 

Given these considerations, the purpose of the present study was to examine the test-retest reliability of absolute (V̇O2 in L·min-1 and speed in m·s-1), relative (mL·kg-1·min-1), and normalized (%V̇O2max) expressions of the GET and RCP, as well as the HR and RPE values associated with each threshold in males and females for treadmill running. Additionally, the potential sex differences across absolute, relative, and normalized thresholds were examined. This study tested 2 main hypotheses: (a) all variables would indicate high reliability values, and (b) there would be sex differences for absolute and relative values for both the GET and RCP, as well as the associated HRs and RPEs, but these sex differences would disappear when normalized to the maximal responses.


METHODS

Subjects


Eighteen recreationally active individuals (9 males, age: 24.44 ( 4.10 yr, height: 178.86 ( 8.84 cm, and weight: 79.73 ( 9.52 kg; 9 females, age: 22.22 ( 2.05 yr, height: 166.04 ( 4.70 cm, and weight: 58.87 ( 7.79 kg) were recruited for this study. The subjects in this study are part of an overlapping sample from previous studies (37,38) that examined the test-retest reliability of peak values from the treadmill graded exercise test (GXT), but the submaximal values examined in this study have not been previously reported. Individuals were eligible for inclusion if they were recreationally active, which was defined as performing endurance training 30 min a day, 5 days a week, for the past 6 months (28). 

In addition, individuals were eligible if they had no known cardiovascular, metabolic, or musculoskeletal disease or disorders. The subjects were asked to maintain their current level of physical activity but to abstain from high-intensity exercise at least 24 hours prior to their testing session and abstain from caffeine consumption 4 hours before their testing session. All the subjects completed a health history form and signed a written informed consent document approved by the Institutional Review Board for Human Subjects (IRB#64999) prior to beginning the study.  


Procedures

This study used a test-retest design to determine the reliability of the GET and RCP as well as the HR and RPE associated with these thresholds. This study required 3 visits to the Exercise Physiology Laboratory. The 1st visit consisted of a familiarization trial to orient the subjects to the protocol and the effort required. The 2nd and 3rd visits were the experimental, test-retest trials where the subjects performed a treadmill GXT that was used to determine the GET and RCP as well as the HR and RPE associated with each threshold. 


Graded Exercise Test 

Each subject performed a familiarization and 2 experimental GXT’s on a calibrated treadmill (Cybex, Legacy 750T, LifeFitness, Franklin Park, Illinois, USA) on different days, each separated by at least 24 to 48 hours. The first visit served as a familiarization trial where subjects completed the GXT to exhaustion as they would on the 2nd and 3rd visits so that the subjects understood the effort required for each visit. This also served as a familiarization with the Borg 6 to 20 RPE Scale (4). The 2nd and 3rd visits were used for the test-retest determination of the GET, RCP, as well as the HR and RPE associated with the GET and RCP. Each subject was fitted with a nose clip, mouthpiece, headset (Hans Rudolph 2700 breathing valve, Kansas City, Missouri, USA), and heart rate monitor used to record 20-sec HR averages during the GXT (Polar Heart Watch system, Polar Electro Inc., Lake Success, New York, USA) during all visits. Expired gas samples were collected in a mixing chamber and passed through a perma-pure line prior to reaching the gas analyzers, and respiratory volumes were analyzed using a pneumotach. 

All measurements were performed on a TrueMax 2400 metabolic cart (Parvo Medics, Sandy, Utah, USA). Before testing, the gas analyzers were calibrated to room air gases of known concentrations and the flowmeter was calibrated according to the manufacture instruction for the metabolic cart (TrueOne 2400, Parvo Medics, Sandy, UT). The oxygen (O2) and carbon dioxide (CO2) parameters were expressed as 20-sec averages (33). Each subject performed a 4-min warm-up at 4.8 km·h-1, followed by 1 min of passive rest. The GXT started between 8.0 and 9.6 km·h-1 (2.2 to 2.7 m·s-1), and the velocity was increased 1.6 km·h-1 (0.44 m·s-1) every 2 min until 14.4 km·h-1 (4 m·s-1), at which point the incline was increased 2% every 2 min until the subject signaled for exhaustion by grasping the handrail of the treadmill. The RPE was recorded at the end of every stage during the test. The initial speed and stage length for the GXT was selected so that the test duration would likely fall between 8 to 12 min (5). The highest 20-sec V̇O2 and HR value recorded during the test was defined as the V̇O2max and HRmax, respectively, while the highest recorded RPE was considered RPEmax.  


Determination of GET and RCP 


The GET was determined using the V-slope method, where the GET was defined as the V̇O2 corresponding to the point of intersection of 2 separately derived regression lines of the V̇O2 versus V̇CO2 plot. The RCP was determined using the same method with the exception of using the minute ventilation (V̇E) versus V̇CO2 plot. The GET and RCP were expressed in absolute (L(min-1), relative (mL(kg-1(min-1), and normalized (%V̇O2max) terms for further analyses. In addition, the speed for the stages of the GXT that were performed at 0% grade were plotted against the V̇O2, and the regression equation derived was used to determine the speed (m·s-1) at the GET and RCP. 

Determination of the HR and RPE Associated with the GET and RCP

The HR for each stage of the GXT was plotted against V̇O2, and the regression equation derived was used to determine the HRs associated with the GET (HRGET) and RCP (HRRCP). In addition, the RPE for each stage of the GXT was plotted against V̇O2, and the regression equation derived was used to determine the RPE associated with the GET (RPEGET) and RCP (RPERCP). The HRGET and HRRCP were expressed in absolute (b(min-1) and normalized (%HRmax) terms for further analyses. Additionally, the RPEGET and RPERCP were expressed in absolute (RPE 6-20) and normalized (%RPEmax) terms for further analyses. 


Statistical Analyses 


Separate, 2 (Test [Test 1, Test 2]) x 2 (sex [male, female]) mixed model analyses of variance (ANOVAs) were used to examine the interaction and main effects for each threshold (GET, RCP, HRGET, HRRCP, RPEGET, and RPERCP). The post-hoc analyses included Bonferroni corrected paired samples t-tests. The responses for the GET and the RCP were examined for absolute (GETABSOLUTE, RCPABSOLUTE [L(min-1 and m(s-1]), relative (GETRELATIVE, RCPRELATIVE [mL(kg-1(min-1]), and normalized (GETNORM, RCPNORM [%V̇O2max]) values, while the absolute (HRABSOLUTE GET, HRABSOLUTE RCP, RPEABSOLUTE GET, RPEABSOLUE RCP [b(min-1 and RPE])  and normalized (HRNORM GET, HRNORM RCP, RPENORM GET, RPENORM RCP [% of HRmax and RPEmax]) values were examined for the respective HRGET, HRRCP,  RPEGET, and RPERCP.


The test-retest reliability of the GET, HRGET, RPEGET, RCP, HRRCP, and RPERCP (absolute, relative, and normalized) were examined separately for each sex. Systematic variability was examined using a one-way repeated measures ANOVA and the test-retest reliability of each variable was calculated using the intraclass correlation coefficient (ICC, relative reliability) (1,2) model (17,34,39,41) using the equation:
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Where the MSS is the subjects mean square, representing the variance between-subjects, MST is the trials mean square factor, representing systematic variance attributed to differences between the trials, and MSE is the residual square error, representing random error arising from the trial by subjects’ interaction. Additionally, k is the number of tests, and n indicates the sample size. The ICC values were classified as “excellent” (0.80 to 1.0), “good” (0.60 to 0.80), or “poor” (<0.60) (6). A 95% confidence interval was calculated around each ICC value. The standard error of the measurement (SEM, absolute reliability) was calculated using the equation: 
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Additionally, the minimal difference to be considered real (MD) was calculated using the equation:
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The coefficient of variation (CoV) was also calculated to display a normalized measure of the SEM using the equation: 
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Based on previous recommendations (1), a CoV of <10% was used as an indication of sufficient absolute reliability. However, the overall reliability of the measures was characterized by taking into account the ICC value, in conjunction with CoV, SEM, and the MD. All analyses were conducted using IBM SPSS Statistics (v.29.0.2.0. IMB SPSS Inc., Chicago, Illinois, USA). 


RESULTS


Descriptives


The mean (( SD) V̇O2max, HRmax, and RPEmax, from GXT Test 1 and Test 2 are presented in Table 1 for descriptive purposes.  

Table 1. Mean ( SD for the Graded Exercise Test 1 (T1) and Test 2 (T2) Maximal Responses. 

		

		Males




		Females



		

		T1

		T2

		T1

		T2



		V̇O2max (L(min-1)

		 3.94 ( 0.68

		  3.90 ( 0.74

		 2.57 ( 0.30

		2.52 ( 0.36



		V̇O2max (ml(kg-1(min-1)

		 49.58 ( 7.99

		49.13 ( 8.98

		44.19 ( 6.06

		     43.37 ( 7.22



		HRmax (b(min-1)

		    187 ( 8

		    186 ( 9

		    188 ( 9

		        187 ( 9



		RPEmax

		      19 ( 1

		  19 ( 2.0

		  19 ( 1.0

		19 ( 0.9





Note: HR = Heart Rate; RPE = Rating of Perceived Exertion.

Gas Exchange Threshold 


There was no sex x time interaction (GETABSOLUTE: P = 0.188, F = 1.893, pη2 = 0.106) or main effect for time (GETABSOLUTE: P = 0.119, F = 2.716, pη2 = 0.145) for absolute GET (L(min-1). There was, however, a main effect for sex (GETABSOLUTE: P = 0.002, F = 12.916, pη2 = 0.447) that indicated a greater absolute GET for males (mean ± SD: 3.07 ± 0.76 L(min-1) than females (mean ± SD: 2.05 ± 0.36 L(min-1). 

For the relative (mL(kg-1(min-1) and normalized GET (%V̇O2peak), there were no sex x time interactions (GETRELATIVE: P = 0.251, F = 1.420, pη2 = 0.082; GETNORM: P = 0.127, F = 2.595, pη2 = 0.140), main effects for time (GETRELATIVE: P = 0.147, F = 2.317, pη2 = 0.126; GETNORM: P = 0.558, F = 0.358, pη2 = 0.022), or main effects for sex (GETRELATIVE: P = 0.361, F = 0.886, pη2 = 0.052; GETNORM: P = 0.501, F = 0.473, pη2 = 0.029). The mean ( SD for Test 1 and Test 2 as well as the results of the reliability analyses for the GET are presented in Table 2.


Table 2. Mean ( SD and Individual Responses for the Gas Exchange Threshold (GET) for the Males (M) and Females (F) for Test 1 (T1) and Test 2 (T2), as Well as the Reliability Analyses.


		Subject




		T1 GET


(L(min-1)

		T2 GET


(L(min-1)

		T1 GET


(mL(kg-1(min-1)

		T2 GET


(mL(kg-1(min-1)

		T1 GET


(% VO2max)

		T2 GET


(%VO2max)



		M1

		2.67

		2.47

		35.25

		32.61

		77

		72



		M2

		1.82

		1.75

		26.22

		25.21

		64

		63



		M3

		3.63

		3.32

		36.24

		33.15

		86

		83



		M4

		2.67

		2.46

		34.74

		32.01

		78

		73



		M5

		3.50

		3.46

		49.63

		49.06

		86

		85



		M6

		4.13

		4.38

		48.00

		50.90

		81

		83



		M7

		2.67

		2.22+

		31.45

		26.15+

		74

		62+



		M8

		3.38

		3.33

		42.63

		42.00

		82

		85



		M9

		3.74

		3.71

		50.10

		49.70

		83

		81



		Mean ± SD

		3.13 ± 0.72

		3.01 ± 0.83

		39.36 ± 8.58

		37.86 ± 10.21

		79 ± 7

		76 ± 9



		ICC

		0.959

		0.961

		0.820



		SEM

		0.14 L(min-1

		1.62 mL(kg-1(min-1

		3.14%



		MD

		0.39 L(min-1

		4.50 mL(kg-1(min-1

		8.71%



		CoV

		4.6%

		4.2%

		4.1%



		Mean ± SD

		3.07 ± 0.76 L(min-1*

		38.61 ± 9.18 mL(kg-1(min-1

		77 ± 8%



		F10

		2.29

		2.22

		42.88

		41.57

		86

		87



		F11

		2.33

		2.25

		35.77

		34.55

		82

		82



		F12

		1.55

		1.49

		30.79

		29.60

		68

		65



		F13

		2.17

		2.31

		32.25

		34.33

		75

		80



		F14

		1.40

		1.62

		26.20

		30.31

		65

		79+



		F15

		2.20

		2.18

		46.96

		46.53

		84

		81



		F16

		2.16

		2.13

		33.63

		33.17

		86

		89



		F17

		1.91

		1.64

		30.27

		25.99

		85

		80



		F18

		2.49

		2.56

		37.67

		38.73

		84

		83



		Mean ± SD

		2.06 ± 0.37

		2.04 ± 0.37

		35.16 ± 6.52

		34.98 ± 6.39

		79 ± 8

		81 ± 7



		ICC


SEM


MD


CoV


Mean ± SD

		0.933


0.10 L(min-1

0.28 L(min-1

4.9%


2.05 ± 0.36 L(min-1

		0.939


1.68 mL(kg-1(min-1

4.67 mL(kg-1(min-1

4.8%


35.07 ± 6.26 ml(kg-1(min-1

		0.720


4.04%


11.21%


5.1%


80 ± 7%





Note: ICC = Intraclass Correlation Coefficient, SEM = Standard Error of the Measurement, MD = Minimal Difference to be considered real, CoV = Coefficient of Variation. *Indicates a significantly greater absolute GET for the males compared to females, collapsed across time. +Indicates the difference between Test 1 and Test 2 exceeded the MD.

Respiratory Compensation Point 


There was no sex x time interaction (RCPABSOLUTE: P = 0.478, F = 0.527, pη2 = 0.032) or main effect for time (RCPABSOLUTE: P = 0.198, F = 1.805, pη2 = 0.101) for absolute RCP (L(min-1). There was, however, a main effect for sex (RCPABSOLUTE: P < 0.001, F = 23.026, pη2 = 0.590) that indicated a greater absolute RCP for males (mean ± SD: 3.62 ± 0.69 L(min-1) than females (mean ± SD: 2.37 ± 0.32 L(min-1). For the relative RCP (mL(kg-1(min-1) and normalized RCP (%V̇O2peak), there were no sex x time interactions (RCPRELATIVE: P = 0.607, F = 0.276, pη2 = 0.017; RCPNORM: P = 0.386, F = 0.794, pη2 = 0.047), main effects for time (RCPRELATIVE: P = 0.198, F = 0.276, pη2 = 0.017; RCPNORM: P = 0.840, F = 0.042, pη2 = 0.003), or main effects for sex (RCPRELATIVE: P = 0.169, F = 2.073, pη2 = 0.115; RCPNORM: P = 0.609, 0.273, pη2 = 0.017). The mean ( SD for Test 1 and Test 2 as well as the results of the reliability analyses for the RCP are presented in Table 3.


Table 3. Mean ( SD and Individual Responses for the Respiratory Compensation Point (RCP) for the Males (M) and Females (F) for Test 1 (T1) and Test 2 (T2), as Well as the Reliability Analyses.

		Subject




		T1 RCP


(L(min-1)

		T2 RCP


(L(min-1)

		T1 RCP


(mL(kg-1(min-1)

		T2 RCP


(mL(kg-1(min-1)

		T1 RCP


(%VO2max)

		T2 RCP


(%VO2max)



		M1

		3.21

		3.28

		42.38

		43.30

		92

		96



		M2

		2.39

		2.52

		34.43

		36.30

		84

		90



		M3

		4.04

		3.8

		40.34

		37.94

		96

		95



		M4

		3.20

		3.05

		41.63

		39.68

		93

		91



		M5

		3.93

		3.83

		55.73

		54.31

		96

		94



		M6

		4.81

		4.98

		55.90

		57.87

		94

		94



		M7

		3.22

		3.14

		37.92

		36.98

		89

		88



		M8

		4.01

		3.54+

		50.58

		44.65+

		97

		90



		M9

		4.10

		4.10

		54.92

		54.92

		91

		89



		Mean ± SD

		3.66 ± 0.71

		3.58 ± 0.71

		45.98 ± 8.34

		45.11 ± 8.46

		93 ± 4

		92 ± 3



		ICC

		0.960

		0.956

		0.465



		SEM

		0.14 L(min-1

		1.75 mL(kg-1(min-1

		 2.65%



		MD

		0.39 L(min-1

		4.85 mL(kg-1(min-1

		  7.34%



		CoV

		3.9%

		3.8%

		2.9%



		Mean ± SD

		3.62 ± 0.69 L(min-1*

		45.54 ± 8.16 mL(kg-1(min-1

		92 ± 3%



		F10

		2.47

		2.36

		46.25

		44.19

		93

		92



		F11

		2.76

		2.69

		42.38

		41.30

		98

		98



		F12

		1.90

		1.92

		37.74

		38.14

		83

		84



		F13

		2.59

		2.54

		38.50

		37.75

		90

		88



		F14

		1.96

		1.99

		36.68

		37.24

		91

		97+



		F15

		2.48

		2.46

		52.93

		52.51

		95

		91



		F16

		2.38

		2.35

		37.06

		36.59

		95

		98



		F17

		2.14

		2.02

		33.91

		32.01

		95

		99



		F18

		2.79

		2.94+

		42.21

		44.48

		94

		95



		Mean ± SD

		2.39 ± 0.32

		2.36 ± 0.34

		40.85 ± 5.86

		40.47 ± 5.97

		93 ± 4

		94 ± 5



		ICC


SEM


MD


CoV


  Mean ± SD

		0.970


0.05 L(min-1

0.15 L(min-1

2.3%


   2.37 ± 0.32 L(min-1

		0.975


0.94 mL(kg-1(min-1

2.62 mL(kg-1(min-1

2.3%


40.66 ± 5.74 ml(kg-1(min-1

		0.794


2.19%


6.08%


2.4%


93 ± 5%





Note: ICC = Intraclass Correlation Coefficient, SEM = Standard Error of the Measurement, MD = Minimal Difference to be considered real, CoV = Coefficient of Variation. *Indicates a significantly greater absolute RCP for the males compared to females, collapsed across time. +Indicates the difference between Test 1 and Test 2 exceeded the MD.

Speed at the GET and RCP 


There was no sex x time interaction (P = 0.059, F = 4.122, pη2 = 0.205), main effect for time (P = 0.182, F = 1.946, pη2 = 0.108), or main effect for sex (P = 0.504, F = 0.467, pη2 = 0.028) for the speed associated with the GET. Similarly, there was no sex x time interaction (P = 0.172, F = 2.041, pη2 = 0.113), main effect for time (P = 0.409, F = 0.718, pη2 = 0.043), or main effect for sex (P = 0.351, F = 0.923, pη2 = 0.055) for the speed associated with the RCP. The mean ( SD for Test 1 and Test 2, as well as the results of the reliability analyses for the velocity at GET and RCP are presented in Table 4.


Table 4. Mean ( SD and Individual Responses for Speed at the Gas Exchange Threshold (GET) and Respiratory Compensation Point (RCP) for the Males (M) and Females (F) for Test 1 (T1) and Test 2 (T2), as Well as the Reliability Analyses.

		Subject




		T1 GET


(m(s-1)

		T2 GET


(m(s-1)

		T1 RCP


(m(s--1)

		T2 RCP


(m(s--1)



		M1

		3.42

		2.96

		3.91

		3.80



		M2

		2.63

		2.48

		3.44

		3.58



		M3

		3.38

		3.29

		3.81

		3.80



		M4

		2.94

		2.96

		3.65

		3.62



		M5

		4.07

		4.17

		4.56

		4.66



		M6

		4.39

		4.45

		5.13

		5.01



		M7

		2.80

		2.34

		3.54

		3.51



		M8

		4.34

		3.76+

		5.53

		3.99+



		M9

		4.76

		4.54

		5.28

		5.04



		Mean ± SD

		3.54 ± 0.78

		3.44 ± 0.83

		4.32 ± 0.82

		4.11 ± 0.62



		ICC

		0.928

		0.741



		SEM

		0.18 m(s-1

		0.36 m(s-1



		MD

		0.49 m(s-1

		1.01 m(s-1



		CoV

		5.0%

		8.6%



		Mean ± SD

		3.54 ± 0.78 m(s-1

		4.21 ± 0.71 m(s-1



		F10

		3.71

		3.75

		4.04

		3.99



		F11

		3.18

		3.20

		3.98

		4.08



		F12

		3.21

		3.09

		3.96

		4.07



		F13

		2.96

		3.31

		3.63

		3.63



		F14

		2.70

		3.01

		3.87

		3.86



		F15

		4.04

		3.91

		4.63

		4.44



		F16

		3.21

		3.54

		3.56

		3.97+



		F17

		2.97

		2.72

		3.34

		3.43



		F18

		3.87

		3.65

		4.46

		4.47



		Mean ± SD

		3.32 ± 0.41

		3.35 ± 0.39

		3.94 ± 0.41

		3.99 ± 0.34



		ICC


SEM


MD


CoV


Mean ± SD

		0.851


0.17 m(s-1

0.47 m(s-1

5.1%


3.34 ± 0.41 m(s-1

		0.907


0.11 m(s-1

0.32 m(s-1

2.9%


3.97 ± 0.37 m(s-1





Note: ICC = Intraclass Correlation Coefficient, SEM = Standard Error of the Measurement, MD = Minimal Difference to be considered real, CoV = Coefficient of Variation. +Indicates the difference between Test 1 and Test 2 exceeded the MD.

Heart Rate at the GET and RCP 


There was no sex x time interaction (P = 0.158, F = 2.196, pη2 = 0.121), main effect for time (P = 0.165, F = 2.115, pη2 = 0.117), or main effect for sex (P = 0.632, F = 0.239, pη2 = 0.015) for the HRRCP (beats(min-1). There was a sex x time interaction for HRGET (P = 0.044, F = 4.804, pη2 = 0.231). The post-hoc analyses indicated that for both Test 1 and Test 2 there were no significant differences between the males and females (P = 0.560 and P = 0.190, respectively), nor was there a significant difference between Test 1 and Test 2 for the females (P = 0.851). However, there was a significant difference between Test 1 and Test 2 for the males (P = 0.005). The HR associated with GET and RCP normalized to the peak HR (%HRmax) displayed no sex x time interactions (HRNORM GET: P = 0.139, F = 2.423, pη2 = 0.132; HRNORM RCP: P = 0.460, F = 0.572, pη2 = 0.035), main effect for time (HRNORM GET: P = 0.082, F = 3.434, pη2 = 0.177; HRNORM RCP: P = 0.564, F = 0.346, pη2 = 0.021), or main effect for sex (HRNORM GET: P = 0.242, F = 1.479, pη2 = 0.085; HRNORM RCP: P = 0.527, F = 0.419, pη2 = 0.020). The mean ( SD for Test 1 and Test 2 as well as the results of the reliability analyses for the HR at the GET and RCP are presented in Table 5.


Table 5. Mean ( SD and Individual Responses for the Heart Rate (HR) for the Males (M) and Females (F) for Test 1 (T1) and Test 2 (T2), as Well as the Reliability Analyses.

		Subject




		T1


(HRGET)

		T2


(HRGET)

		T1


(HRNORM GET)

		T2


(HRNORM GET)

		T1 (HRRCP)

		T2


(HRRCP)

		T1


(HRNORM RCP)

		T2


(HRNORM RCP)



		M1

		160

		153

		84

		80

		181

		188

		95

		98



		M2

		164

		153

		84

		78

		185

		188

		95

		97



		M3

		177

		165+

		90

		88

		192

		183

		98

		97



		M4

		157

		152

		87

		85

		177

		170

		97

		96



		M5

		160

		158

		92

		93

		171

		167

		98

		98



		M6

		173

		178

		89

		92

		189

		188

		98

		98



		M7

		146

		130+

		82

		74+

		166

		163

		93

		93



		M8

		169

		166

		93

		88

		186

		172+

		102

		92+



		M9

		176

		174

		91

		91

		187

		184

		97

		96



		Mean ± SD

		165 ± 10

		159 ± 14*

		88 ± 4

		86 ± 2

		182 ± 9

		178 ± 10

		97 ± 3

		96 ± 2






		ICC

		0.790

		0.731

		0.746

		-0.211



		SEM

		  5 b(min-1

		2.50%

		  4 b(min-1

		2.61%



		MD

		12 b(min-1

		6.94%

		12 b(min-1

		7.23%



		CoV

		2.8%

		                    2.9%

		2.5%

		2.7%



		Mean ± SD

		162 ± 12 b (min-1

		                87 ± 6%

		180 ± 9 b(min-1

		96 ± 3%



		F10

		183

		184

		96

		95

		190

		190

		100

		98



		F11

		167

		162

		91

		89

		185

		181

		101

		100



		F12

		164

		159

		86

		84

		179

		178

		94

		94



		F13

		157

		163

		83

		88

		176

		172

		93

		93



		F14

		159

		163

		82

		84

		189

		189

		97

		98



		F15

		176

		175

		91

		91

		187

		186

		97

		96



		F16

		185

		188

		93

		95

		193

		197

		96

		99+



		F17

		153

		147

		91

		87

		164

		166

		97

		98



		F18

		165

		165

		93

		91

		176

		179

		99

		99



		Mean ± SD

		168 ± 11

		167 ± 13

		89 ± 5

		89 ± 4

		182 ± 9

		182 ± 9

		97 ± 3

		97 ± 3






		ICC


SEM


MD


CoV


Mean ± SD

		0.943


3 b(min-1

8 b(min-1

1.8%


168 ± 12 b(min-1

		0.823


1.96 %


5.44 %


2.2%


89 ± 4%

		0.960


2 b(min-1

5 b(min-1

1.1%


182 ± 9 b(min-1

		0.847


1.03%


2.85%


1.1%


97 ± 2%





Note: ICC = Intraclass correlation coefficient, SEM = Standard Error of the Measurement, MD = minimal difference to be considered real, CoV = coefficient of variation; HRGET = HR (b(min-1) associated with the Gas Exchange Threshold (GET); HRNORM GET = Normalized (%HRmax) HR associated with the GET; HRRCP = HR (b(min-1) associated with the Respiratory Compensation Point (RCP); HRNORM RCP = Normalized (%HRmax) HR associated with the RCP; *Indicates the Test 2 HRGET Test 2 was significantly lower than Test 1 for the males; +Indicates the difference between Test 1 and Test 2 exceeded the MD.

Rating of Perceived Exertion at the GET and RCP 


There was no sex x time interaction (P = 0.124, F = 2.637, pη2 = 0.142), main effect for time (P = 0.593, F = 0.298, pη2 = 0.018), or main effect for sex (P = 0.604, F = 0.279, pη2 = 0.017) for the RPEGET. There was a sex x time interaction for the RPERCP P = 0.025, F = 6.161, pη2 = 0.278). The post-hoc analyses indicated that there were no significant differences for males (P = 0.068) or females (P = 0.139) between Test 1 and Test 2 or for Test 1 (P = 0.292) or test 2 (P = 0.425) between males and females. The RPE associated with GET and RCP normalized to the peak RPE (%RPEmax) displayed no sex x time interactions (RPENORM GET: P = 0.304, F = 1.129, pη2 = 0.066; RPENORM RCP: P = 0.168, F = 2.087, pη2 = 0.115), main effect for time (RPENORM GET: P = 0.888, F = 0.021, pη2 = 0.001; RPENORM RCP: P = 0.550, F = 0.373, pη2 = 0.023), or main effect for sex (RPENORM GET: P = 0.730, F = 0.124, pη2 = 0.008; HRNORM RCP: P = 0.626, F = 0.248, pη2 = 0.015). The mean ( SD for Test 1 and Test 2, as well as the results of the reliability analyses for the RPE at the GET and RCP, are presented in Table 6.


Table 6. Mean ( SD and Individual Responses for the Rating of Perceived Exertion (RPE) for the Males (M) and Females (F) for Test 1 (T1) and Test 2 (T2), as Well as the Reliability Analyses.

		Subject




		T1


(RPEGET)

		T2


(RPEGET)

		T1


(RPENORM GET)

		T2


(RPENORM GET)

		T1 (RPERCP)

		T2


(RPERCP)

		T1


(RPENORM RCP)

		T2


(RPENORM RCP)



		M1

		15

		13

		76

		73

		18

		16

		88

		92



		M2

		11

		9

		59

		61

		14

		12

		77

		84



		M3

		15

		15

		77

		76

		18

		18

		90

		90



		M4

		13

		14

		69

		73

		16

		17

		87

		92



		M5

		16

		16

		79

		80

		18

		18

		88

		89



		M6

		16

		16

		78

		82

		19

		19

		93

		93



		M7

		10

		7

		57

		40+

		14

		14

		84

		80



		M8

		15

		14

		78

		75

		19

		15+

		98

		81+



		M9

		15

		13

		75

		67

		17

		16

		86

		78



		Mean ± SD

		14 ± 2

		13 ± 3

		72 ± 8

		70 ± 13

		17 ± 2

		16 ± 2

		88 ± 6

		87 ± 6



		ICC

		0.830

		0.808

		0.684

		0.195



		SEM

		1 

		  4.74%

		1 

		  5.27%



		MD

		3 

		13.15%

		3 

		14.60%



		CoV

		7.2%

		6.7%

		6.4%

		6.1%



		Mean ± SD

		13 ± 3

		71 ± 11%

		17 ± 2 

		87 ± 6%



		F10

		16

		15

		84

		82

		18

		16

		94

		89



		F11

		12

		12

		65

		66

		17

		17

		89

		93



		F12

		11

		10

		61

		57

		14

		15

		78

		83



		F13

		10

		15+

		61

		77

		14

		16

		83

		86



		F14

		11

		13

		56

		67

		17

		18

		87

		95



		F15

		16

		15

		79

		77

		19

		18

		94

		91



		F16

		13

		14

		66

		78

		15

		17

		79

		92+



		F17

		13

		11

		75

		61

		15

		16

		91

		91



		F18

		13

		13

		69

		67

		16

		18

		85

		90



		Mean ± SD

		13 ± 2

		13 ± 2

		68 ± 9

		70 ± 9

		16 ± 2

		17 ± 1

		87 ± 6

		90 ± 4



		ICC


SEM


MD


CoV


Mean ± SD

		0.446


2 


4 


11.4%


13 ± 2 

		0.454


 6.70%


18.56%


9.7%


69 ± 9%

		0.509


1 


3 


6.3%


16 ± 1 

		0.324


  3.89%


10.78%


4.4%


88 ± 5%





Note: ICC = Intraclass Correlation Coefficient, SEM = Standard Error of the Measurement, MD = Minimal Difference to be considered real, CoV = Coefficient of Variation; RPEGET = RPE associated with the Gas Exchange Threshold (GET); RPENORM GET = normalized (%RPEmax) RPE associated with the GET; RPERCP = RPE associated with the respiratory compensation point (RCP); RPENORM RCP = Normalized (%RPEmax) RPE associated with the RCP. +Indicates the difference between Test 1 and Test 2 exceeded the MD.

DISCUSSION


This study used a test-retest design to determine the reliability of the absolute, relative, and normalized GET and RCP, as well as the absolute and normalized HR and RPE associated with each threshold. Additionally, potential sex differences across absolute, relative, and normalized thresholds were examined. The primary findings of this study were that: (a) the absolute and relative GET and RCP demonstrated ‘excellent’ reliability, while normalized values generally demonstrated ‘good’ reliability for both sexes; (b) the absolute and normalized HR at the GET and RCP demonstrated ‘excellent’ reliability for the females, while ‘good’ to ‘poor’ reliability was demonstrated for the males; and (c) for the RPE associated with these thresholds, females generally demonstrated ‘poor’ reliability, while males exhibited ‘excellent’ to ‘poor’ reliability across absolute and normalized responses. 


In the present study, the ICCs for the speed at the GET and RCP for males and females ranges from ‘good’ to ‘excellent’ (ICC = 0.741 to 0.928). Similarly, the ICCs for the absolute, relative, and normalized GET V̇O2 values for males and females ranged from ‘good’ to ‘excellent’ (ICC = 0.720 to 0.961), with no systematic error. In addition, there was no systematic error for any expression of the RCP, and the ICCs for the absolute and relative RCP V̇O2 indicated ‘excellent’ reliability for both males and females (ICC = 0.956 to 0.975). However, these values ranged from ‘good’ to ‘poor’ for the normalized values (ICC = 0.465 to 0.794). The ICCs for the absolute and relative GET and RCP V̇O2 in this study were similar to the values reported in previous studies (ICC = 0.950 to 0.980) investigating absolute V̇O2 expressions of the ventilatory thresholds, VT1 and VT2, in cycle ergometry and treadmill running (8,29). The tendency for lower ICC values for normalized V̇O2 responses in this study may be due to a potential compression in the range of the scores and reduction of between subject variability that can occur when values are expressed as percentage of the peak response (22). To this point, the degree of between subject variability has been suggested to affect the ICC (22,41). Thus, while normalized responses provide useful descriptive information about the percent of maximum capacity thresholds occur, they may not be appropriate for examining changes in group mean across interventions. The ‘good’ to ‘excellent’ ICCs for the absolute and relative V̇O2 expressions of the GET and RCP as well as the speed at these thresholds suggested these variables may be more appropriate to monitor changes across time than normalized responses. 


While the ICC provides information about the relative reliability of a measure (ability to differentiate between individuals), the SEM quantifies the absolute reliability of a measure (reliability within individual subjects) (41). The SEM is valuable to coaches and practitioners for assessing the precision of a test or the expected error in performance. In addition, the CoV also provides useful information on the reliability of the measure since the CoV expresses the SEM as a percentage of the grand mean from the test-retest trials and allows for comparisons between tests with different units. It has previously been suggested that a CoV <10% indicates a reliable measure (1). The absolute, relative, and normalized GET and RCP V̇O2 as well as absolute speed indicated CoVs less than 10% (2.3 to 8.6%), thereby further supporting the reliability of these measures. The SEM can subsequently be used to derive the MD, which “define[s] the difference needed between separate measures on a subject for the difference in the measures to be considered real” (41, page 238). Only one male subject demonstrated a difference between Test 1 and Test 2 that exceeded the MD for both GET and RCP V̇O2 values, while 1 male and 1 female exceeded the MD for speed at the GET and RCP.  Therefore, the MD values calculated for this study for the GET and RCP offer additional insights into its sensitivity of the measures to detect real changes and provide a method for examining responses on a subject-by-subject basis. Taken together, the current findings suggested the absolute and normalized GET and RCP V̇O2 as well as speed associated with these thresholds provided reliable measures.


In the current study, a main effect of sex was demonstrated for the absolute GET and RCP V̇O2 values. This aligns with previous studies where moderately trained males demonstrated significantly higher absolute V̇O2 values at submaximal and maximal intensities compared to moderately trained females (18,28). There were no sex differences, however, for relative or normalized GET and RCP values. Previous studies have indicated that the sex difference in absolute expressions of V̇O2 are considerably reduced when normalized to kg body weight and further reduced when normalized to fat-free mass (FFM), with some studies reporting small (7) or negligible differences (24,35). Small sex differences that may exist even when normalized to FFM are likely due to greater hemoglobin concentrations and relative proportion of skeletal muscle in FFM in males compared to females (10,28). In this study, however, the sex differences in the GET and RCP were eliminated by accounting for kg body weight as well as when expressed as a speed. Although the average V̇O2peak for both the male and female samples were classified as “good” to “excellent” according the ACSM guidelines for cardiorespiratory respiratory fitness classifications, the average female V̇O2peak response was in the 80th percentile; whereas, the average male response placed them in the 65th percentile (28). Thus, despite similar training history and classifications as moderately trained, it is possible that the females in the study were slightly more aerobically trained, negating the effects of potential differences in hemoglobin or skeletal muscle mass between males and females when normalized to body weight.  


The absolute and normalized HR associated with the GET (females: 168 ( 12 b(min-1, 89 ( 4% HRmax; males: 162 ( 12 b(min-1, 87 ( 6% HRmax) and RCP (females: 182 ( 9 b(min-1, 97 ( 2% HRmax; males: 180 ( 9 b(min-1, 96 ( 3% HRmax) in the current study were similar, but slightly higher than those previously reported (26). Specifically, Mielke et al. (26) determined the HR and %HRmax at the VT1 (152 ( 12 b(min-1, 82.1 ( 4.3% HRmax) and the RCP (172 ( 9 b(min-1, 93 ( 2% HRmax) in female participants. The higher absolute and normalized HR responses in this study compared with those previously reported may reflect mode specific responses. Mielke et al. (26) determined the associated HR responses for cycle ergometry, while the responses in the current study reflected those from treadmill running, which has previously been shown to elicit a significantly greater absolute HR response compared with cycle ergometry (3). Therefore, the elevated heart rate responses observed in this study, compared to those previously reported, likely reflected the influence of exercise modality, emphasizing the need to tailor heart rate-based training zones to the specific mode of exercise used.


In the current study, the ICCs for the absolute HR associated with the GET and RCP for males were considered ‘good’ (ICC = 0.746 to 0.790), but the normalized response demonstrated ‘poor’ reliability (ICC = -0.211). However, the ICCs for the females were considered ‘excellent’ (ICC = 0.823 to 0.960) for both absolute and normalized responses. Generally, the normalized HR indicated lower ICCs for the males and the females (males ICC = -0.211 to 0.731, females ICC = 0.823 to 0.847) compared to those for the absolute HR (males ICC = 0.746 to 0.790, females ICC = 0.943 to 0.960). As previously discussed, the process of normalization may reduce the degree of between-subject variability which has been reported to affect the ICC (22). Similar to the GET and RCP V̇O2 values, this may suggest that normalized responses offer valuable descriptive information about the percentage of maximum HR; however, they may not be suitable for assessing changes in group means across interventions. The SEM, MD, and CoV for the absolute and normalized HR responses provide additional context to the reliability analyses and suggested strong reliability. The HR associated with the GET and RCP as well as the normalized values indicated CoVs less than 10% (1.1 to 2.9%), with 2 male subjects demonstrating test-retest responses that exceeded the MD for the absolute HR associated the GET and one for the normalized HR at the GET and RCP as well as absolute HR at RCP. 

However, only 1 female subject demonstrated a test-retest response that exceeded the MD for the normalized HR at the RCP. Taken together, the absolute HR values associated with the GET and RCP demonstrated sufficient reliability, but slightly lower reliability was demonstrated for the males than females across all expressions, and normalized responses were not consistently reliable. Although males and females do not differ in their maximal HRs achieved during exercise (2,28), females may have a greater mean HR for a given exercise task (21). According to Koenig and Theyer (21), females show less variability within the time series of heartbeats, specifically in long-term recordings. Thus, it is possible that sex-based HR differences may contribute to the reduced reliability of male HR measures in this study. That is, a lower variability in time series beats may explain the greater reliability metrics for females than males. However, future studies are needed to further examine these potential sex difference in cardiovascular responses during a GXT and the potential impact on the test-retest reliability. 


The ICCs for the absolute and normalized RPE associated with the GET for males ranged from ‘good’ to ‘excellent’ (ICC = 0.684 to 0.830) and ‘good’ to ‘poor’ for the RCP responses. However, the ICCs for the absolute and normalized RPE associated with the GET and RCP for females indicated ‘poor’ reliability (0.324 to 0.509). The RPE associated with the GET and RCP, as well as the normalized values for males, indicated CoVs less than 10% (6.1 to 7.2%), thereby further supporting the reliability of these measures. The RPE associated with the RCP, as well as the normalized values at the GET and RCP for the females, also indicated CoVs less than 10% (4.4 to 9.7%); however, the CoV for the RPE associated with the GET for the females was above 10% (11.4%). These findings suggested that there may be sex-based perceptual differences during exercise that contribute to the reduced reliability of RPE measures observed in females. A previous study demonstrated high reliability (ICC = 0.825 to 0.932) for the physiological responses during cycle ergometry rides performed at the RPE associated with the GET (27), but the authors did not report the reliability of the RPE value associated with the GET. It should also be noted that the sample tested by O’Malley et al. (27) included only one female participant, and no sex differences were examined. 

The difference in reliability between males and females could be due to several factors. Previous studies have indicated that females perceive time to pass more slowly than men while exercising (14,35), which may have implications for RPE. In addition, while hormonal fluctuations across the menstrual cycle can alter physiological responses, the effect is quite small (11,25). However, symptoms associated with the menstrual cycle can significantly influence mood, pain, and motivation in females (30), which may consequently affect their RPE (13,16,32). Previous research has identified variations in across phases of the menstrual cycle (13,16,32). This study did not control for the phase of the menstrual cycle. Consequently, this may lead to lower reliability of RPE responses within the female population. Nonetheless, it is crucial to note that this does not justify excluding females from studies, given that many studies have only included male subjects that lead to a lack of research involving females. Further research is needed to investigate potential variation in RPE in females across the menstrual cycle as well as explore potential sex differences in perceptual responses. 


Limitations in this Study

The variation in the GET, RCP, and the HR and RPE associated with the GET and RCP for those subjects who exceeded the MD could be due to factors that may influence performance, such as the time of day, menstrual cycle phase, diet, hydration, or sleep (20, 23,31).  While the time of day for testing was consistently maintained in the current study (( 2 hours), it has been shown that individual V̇O2 values can fluctuate even with minor variations (<3 hours) in the time of day at which the testing is repeated. Moreover, earlier research indicates that perceptual responses can differ during various phases of the menstrual cycle. In this study, the menstrual cycle phase of the subjects was not tracked. Future studies should examine the reliability of the RPE at the GET and RCP across the phases of the menstrual cycle. 

CONCLUSIONS


The results of the present study provide a more comprehensive evaluation of the reliability and sensitivity of performance measures utilizing the ICC, SEM, CoV, and MD. Researchers, practitioners, and coaches can use these statistical measures to examine the differences between group means, determine the expected variability of a measure, and establish when a performance constitutes a real change for each person. Overall, the results of the current study indicated that the determination of the GET and RCP were reliable and may be sensitive to detect changes from training interventions, while HRGET, HRRCP, RPEGET, and RPERCP were less reliable. While HR and RPE are accessible and effective ways to measure exercise intensity, and are used for exercise prescription recommendations, the HR and RPE associated with the GET and RCP demonstrated ‘poor’ to ‘excellent’ reliability in a sex dependent manner. Future studies should further investigate the potential sex differences that may be driving these differences in reliability. Furthermore, the reliability tended to be reduced for normalized variables. Therefore, caution is warranted in using normalized values to examine changes across an exercise intervention.
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ABSTRACT


Kher JD, Desai KM, Wyatt FB. The Effect of 6-Weeks of Hatha Yoga on Measures of Health and Performance in Sedentary Individuals. JEPonline 2025;28(3):157-166. Hatha yoga is a part of complementary and alternative medicine used to improve physical fitness, disabilities, injuries, and treat psychological disorders. This study determined the effectiveness of prolonged Hatha yoga training with reduced frequency per week on the metabolic and cardiorespiratory systems. Six sedentary subjects (age = 32.67 ± 9.41 years, weight = 79.65 ± 14.85 kg, height = 1.65 ± 0.09 meters, and BMI = 29.09 ± 4.74 kg·m-2 practiced Hatha Yoga for 6 weeks. The following baseline measurements were determined: resting heart rate (RHR, beats/min), forced expiratory volume in 1 second (FEV1, L), peak expiratory flow rate (PEFR, L·min-1), and resting metabolic rate (RMR, kcal·day-1). Each subject was tested at baseline and at weeks 3, 5, and 7. Statistical analysis included demographic mean ± SD and RMANOVA. Statistical significance was set at P ≤ 0.05. Significant differences were found in RHR (P = 0.008) from baseline (85 ± 2.58 beats·min-1) to week 7 (76.17 ± 4.63 beats·min-1) and in FEV1 (P = 0.018) from baseline (2.03 ± 0.24 L) to week 5 (2.51 ± 0.21 L). There were no significant differences in the other variables in multiple comparisons across weeks. The findings indicate that prolonged Hatha Yoga practice with less frequency per week did not significantly change BMI, PEFR, and RMR values from baseline. However, it improved FEV1 and decreased RHR in the sedentary individuals.    

Key Words: BMI, Expiration, Hatha Yoga, Metabolism


INTRODUCTION

Yoga is a part of complementary and alternative medicine to improve physical fitness, disabilities, and injuries as well as the treatment of psychological disorders (9,13). Hatha yoga is one of the types of classical yoga that focus primarily on breathing and postures (asanas) from the basic 8 paths of yoga. Hatha yoga consists of 2 Sanskrit words Ha, which means sun and Tha means moon. Therefore, the purpose of Hatha yoga is to emphasize internal awareness, breathing, and meditative states to balance opposing parts of the body, such as front and back, the left and right, and top and bottom (4). It provides a very positive physical challenge to learn the fundamentals of yoga.

A comparison study of complementary and alternative medicine used by US adults between 1997 and 2002 indicated an increase in the use of herbal medicine and yoga practice (15). Aerobic exercises such as walking, jogging, running, and cycling have beneficial effects on the respiratory and cardiovascular systems. Yoga is not a proven aerobic exercise, but there are studies that justify the benefits of yoga training on multiple systems of the human body. Yoga can be a less risky activity for older adults with the equivalent benefits for well-being (16). The holistic approach of yoga training methods with short duration practice helps to improve respiratory function in individuals (1,18). 

A review article compared the effects of different intensity, frequency, duration, and type of poses used in Hatha yoga training as a physical activity and therapeutic intervention to prevent cardiovascular, pulmonary, metabolic, and musculoskeletal diseases and disorders (5). Other studies (1,3,11,17) have emphasized Hatha yoga practice and the improvement in respiratory parameters, such as forced expiratory capacity (FVC), forced expiratory volume in 1 second (FEV 1), peak expiratory flow rate (PEFR), vital capacity (VC), maximum expiratory pressure (MEP), and maximum inspiratory pressure (MIP). Interestingly, one research study (6) found no improvement of FVC and FEV 1 after Hatha yoga training, but instead improvement in maximum voluntary ventilation (MVV). Karthik (8) observed tidal volume (TV) changes as a measurement variable influenced by Hatha yoga training and noted that the daily practice of pranayama and Surya namaskar helped to improve vital capacity (VC), tidal volume (TV), expiratory reserve volume (ERV), breath holding time (BHT) and PEFR (8). 

The positive effects of Hatha yoga on resting heart rate (RHR), blood pressure (BP), and heart rate variability (HRV) of the cardiovascular system have been reported in diseased and healthy individuals (5,12). Direct benefits of Hatha yoga on resting metabolic rate (RMR) indicate that yoga practice decreases body mass index (BMI) and body fat mass while it increases muscle mass (10). Jafarirad et al. (7) reported that RMR improved in obese women with yoga training compared to an energy restricted diet. Sleep quality is directly related to an individual's mental and physical health. Bankar et al. (2) observed that the practice of Hatha yoga as a potential therapeutic measure in the treatment of several mental disorders (e.g., anxiety, depression, and insomnia) improves sleep quality (14). 

Hatha yoga practice has become popular among the US population, given the positive effect on different diseases. However, there is minimal research findings to support these results in the healthy population. Hence, to generalize the benefits to the healthy population requires additional research. The purpose of this study was to evaluate the effects of a 6-week duration Hatha yoga practice on forced expiratory volume (FEV1), tidal volume, resting heart rate, and resting metabolic rate in sedentary individuals. 

METHODS


Subjects

Six males and females between 18 to 55 years of age with a BMI that was ≥ 18.5 but ≤ 30 kg·m-2 participated in this study. They were physically, mentally, and emotionally healthy, and their physical activity level was less than 150 minutes per week. Each participant was assigned a code number for confidentiality.  

Procedures

The participants underwent Hatha yoga training for 6 weeks while maintaining their normal physical activity level. They were measured on forced expiratory volume (FEV1), peak expiratory flow (PEF), resting heart rate (RHR), and resting metabolic rate (RMR) pre- and post-intervention. All the participants signed an informed consent questionnaire approved by the Institutional Review Board (IRB) of Midwestern State University prior to taking part in the study. Their height (m) and body mass (kg) were measured via a stadiometer. 

Resting measures were taken in a comfortable resting position from which resting heart rate (beats·min-1) was measured (16) with the use of a finger pulse-oximeter. Measurement of RMR (VO2 Master Health Sensors Inc) was taken for 15 to 20 minutes while the participant continued breathing at the same ventilatory rate until the end of the test. After taking a 5-minute break, forced expiratory volume (FEV1) and peak expiratory flow rate (PEFR) were measured using a handheld peak flow meter (6). The participants were asked to inhale as much air they could, then exhale forcefully and quickly into the mouthpiece that calculated FEV1 and PEFR on the display. They were instructed to perform the test 3 times and the best of the results was used for the analysis. This sequence for taking the pre-test and post-test measurements was the same for all the subjects. All measurements were reordered 4 times, that is, during the pre-test and after week 2, week 4, and week 7.

Yoga Intervention

The participants took part in Hatha yoga training for 6-weeks. The training program and its components (duration, type, repetitions, frequency, and so on) were based on previous research and guidance by certified instructors for the safety of the participants. The 45-minute Hatha yoga class video was designed by a certified yoga instructor that required the participants to practice at home according to their convenience. They practiced Hatha yoga 3 days per week until the end of the study. They were provided a video demonstration and written guidance for the 45-minutes of Hatha yoga for 3 days as a home practice. The Hatha yoga training program in Table 1 was updated after 3-weeks of study. The materials and videos were provided to the participants.   

Table 1. The Yoga Training Program.

		Techniques (Duration)

		Week 1 to 3

		Week 4 to 6



		Preparation 

		Joint Relaxation Exercises

Thoracic Mobility Exercises

 Breathing Exercises

(5 min)

		Joint Relaxation Exercises

Thoracic Mobility Exercises

 Breathing Exercises

(5 min)



		Pranayama 

		Kapalabhati

Bhastrika

Kumbhaka

Without breath hold (15 min)

		Kapalabhati

Bhastrika

Kumbhaka

With breath hold (15 min)





		Yoga Asanas

		1. Mountain Pose / Tadasana

2. Cobra Pose / Bhujangasana

3. Cross-legged Sitting Pose / Sukhasana

4. Triangle Pose / Trikonasana

5. Raised Arms Pose / Hasta Uttansana

6. Wind Releasing Pose / Pavanmuktasana

7. Supine Knees to Chest Pose / Apanasana 

(10 min)



		1. Tree Pose / Vrikshasana

2. Hand to Feet Pose / Padahastasana

3. Four- footed Pose / Chatushpadasan

4. Upward Salute Pose / Urdhva Hastasana

5. Bridge Pose / Setubandha Sarvangasana

6. Cat- Cow Pose / Chakravakrasana 

(8 min)



		Sun salutation/ Surya Namaskar

		2 cycles of 5 min 

(10 min)

		3 cycles of 4 min 

(12 min)



		Relaxation 

		Corpse pose / Savasana 

(5 min)

		Corpse pose / Savasana 

(5 min)





The participants followed the above training program for 6-weeks at home on any day of week, which was mainly determined by their home conditions. They also could contact the yoga instructor and investigator in case of confusion of practicing yoga at home. After completion of the post-measurements, the data were analyzed. Any participant who missed 1 yoga session per week or at least 2 session per 3 weeks in overall intervention duration and practiced less than 680 minutes of Hatha yoga were excluded from the study. Total minutes of yoga practice during the study period was taken into consideration while analyzing the data. The participants were instructed to maintain the routine exercises for the duration of the study.

Statistical Analyses


Statistical analysis was conducted by using Statistical Package for Social Science (SPSS) software. Mean and standard deviations (SD) for demographics, anthropological data, FEV 1, PEF, RHR, and RMR were calculated for the 6 participants that included 4 females and 2 males (N = 6). General descriptive statistical analysis was reported (means ± standard deviation), and a multiple analysis of variance (MANOVA) used to determine potential differences in the Hatha yoga duration and measured parameters between every 2-week measurement.  Statistical significance was set an alpha level of P < 0.05. 

RESULTS

Six participants completed all the data collection procedures.  General descriptive statistics of the participants’ demographics can be found in Table 2.

Table 2. The Anthropometric Descriptive Variables.

		Participant Demographics 

(N = 6)






		Age (years)

		32 ± 10



		Height (cm)

		 165 ± 0.10



		Body Mass (kg)

		79.7 ± 16.3



		BMI (kg·m-2)

		29.1 ± 5.19





The description of the measured variables regarding changes is presented in Table 3. The term "pre-testing" refers to the baseline measurement recorded at the start of the study. The terms Week-3, Week-5, and Week-7 denote the measurements taken after 2 weeks, 4 weeks, and 6 weeks of Hatha yoga practice, respectively.


The mean PEFR showed an increase over time. For pre-testing measures, the mean PEFR was 339.17 ± 159.02 L·min-1 which increased to 382.0 ± 155.44 L·min-1 at Week 3, 410.83 ± 147.90 L·min-1 at Week 5, and 400.83 ± 138.61 L·min-1 at Week 7. However, none of these changes were statistically significant (P = 1.00).  

For FEV1, a notable increase was observed at Week 5, where the mean value increased from 2.03 ± 0.27 L at pre-testing to 2.52 ± 0.24 L. The change at Week 5 was statistically significant (P = 0.018). Changes at Week 3 and Week 7 were not significant (P = 0.461 and P = 1.00, respectively).

Table 3. Measured Variable Change.

		VARIABLES

		WEEKS

		MEAN

		SD



		  PEFR (L·min-1)

		Pre-testing

(baseline)

		339.16

		159.01



		

		Week-3

		382

		155.44



		

		Week-5

		410.83

		147.90



		

		Week-7

		400.83

		138.61



		FEV1 (L)

		Pre-testing

		2.02

		0.27



		

		Week-3

		2.29

		0.19



		

		Week-5

		2.51*

		0.23



		

		Week-7

		2.26

		0.28



		RHR (beats·min-1)

		Pre-testing

		85

		2.82



		

		Week-3

		79.5

		3.98



		

		Week-5

		78.33*

		4.27



		

		Week-7

		76.16*

		5.07



		RMR (kcal·day-1)

		Pre-testing

		1598.5

		306.70



		

		Week-3

		1803.5

		363.59



		

		Week-5

		1876.33

		291.71



		

		Week-7

		1767.5

		132.13





Asterisk (*) demonstrates the significant changes at that week in comparison of pre-testing. FEV1 = Forced Expiratory Volume at 1 second, PEFR = Peak Expiratory Flow Rate, RHR = Resting Heart Rate, RMR = Resting Metabolic Rate

Resting heart rate (RHR) decreased consistently over the study period. The mean RHR was 85.00 ± 2.83 beats·min-1 at pre-testing, 79.50 ± 3.99 beats·min-1 at Week 3, 78.33 ± 4.27 beats·min-1 at Week 5, and 76.17 ± 5.08 beats·min-1 at Week 7. A significant decrease was observed at Week 7 compared to pre-testing (P = 0.008). As a most notable change, the RHR change is shown in Figure 1.

Figure 1. Resting Heart Rate Change.
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Resting metabolic rate fluctuated throughout the study. The mean RMR was 1598.50 ± 306.71 kcal·day-1 at pre-testing, which increased to 1803.50 ± 363.60 kcal·day-1 at Week 3, 1876.33 ± 291.72 kcal·day-1 at Week 5, and decreased 1767.50 ± 132.14 kcal·day-1 at Week 7. These changes were not statistically significant at any week from pre-testing (P = 1.00). 

DISCUSSION    

The purpose of this study was to evaluate the effects of a 6-week short-duration Hatha yoga practice on respiratory measures, resting heart rate, and metabolic rate in sedentary college students. Previous studies have indicated that 4 to 6 weeks of Hatha yoga practice can improve FEV1, PEFR, and RMR while lowering resting heart rate. The findings demonstrate improvement in the subjects’ FEV1 at week 5 from pre-testing and a decline in resting heart rate at weeks 5 and 7 from pre-testing. However, other measures did not show significant changes from pre-testing. Despite this, overall improvements in RMR and PEFR were observed by week 7. These results may be influenced by the small sample size, inconsistent practice, and the limited duration of Hatha yoga intervention.  

The current study highlights a potential upward trend in peak expiratory flow rate (PEFR), with the mean increasing from 339.17 to 410.83 (L·min-1) over the course of 5 weeks, but no statistically significant changes were noted. The limited impact on PEFR may indicate that while Hatha yoga strengthens ventilatory muscles and improves lung compliance through pranayama, consistent practice beyond 6 weeks might be required to achieve a statistically significant increase in airway resistance and expiratory flow rates.


The statistically significant improvement in forced expiratory volume in 1 second (FEV1) at week 5 (P = 0.018) underscores the role of breathing control in enhancing respiratory functions. However, the decrease in FEV1 at week 7 could suggest a plateau effect, emphasizing the need for sustained and intensified practice to maintain the breathing benefits.

The significant reduction in resting heart rate (RHR) from 85 bpm pre-testing to 76.17 bpm at week 7 (P = 0.008) aligns with evidence from Sawane and Gupta (12), who noted improved parasympathetic activity in yoga practitioners. This reduction suggests enhanced cardiac autonomic balance, which reflects the stress-relieving effects of Hatha yoga. The progressive decrease in RHR over time also mirrors findings by Karthik et al. (6), who reported similar trends with regular yoga practice among sedentary individuals. Importantly, this finding highlights Hatha yoga’s potential as an accessible and non-invasive intervention to support cardiovascular health in populations with limited physical activity.


Despite the observed increases in resting metabolic rate (RMR) from week 3 to week 5, the changes were not statistically significant. The observed fluctuations in RMR may also reflect variations in participants’ baseline metabolic activity, thus highlighting the importance of individualized yoga regimens.


Similarly, the absence of notable changes in body mass index (BMI) corroborates the findings by Santaella et al. (11), who suggested that the metabolic benefits of yoga, including weight management and lipid profile improvements, are more pronounced with long-term practice and integration with lifestyle interventions. This underscores the potential for future research to explore the synergistic effects of Hatha yoga and dietary adjustments in enhancing metabolic health.

CONCLUSIONS

The results of this study indicate that prolonged Hatha Yoga practice with less frequency per week did not significantly change BMI, PEFR, and RMR values from baseline. However, it improved FEV1 and decreased RHR in the sedentary subjects. 
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The Acute Effects of High-Intensity Interval Exercise Combined with Continuous Exercise on Flow-Mediated Dilation in Prediabetes
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ABSTRACT


Mitranun W, Anek A, Senakham N. The Acute Effects of High-Intensity Interval Exercise Combined with Continuous Exercise on Flow-Mediated Dilation in Prediabetes. JEPonline 2025;28 (3):1-8. The acute effects of exercise on vascular function vary, but the impact of different types of aerobic exercise in individuals with prediabetes remains unknown. This study aimed to evaluate the acute effects of three aerobic exercise programs—high-intensity interval exercise (HIIE), continuous exercise (CON), and combined exercise (COM)—on flow-mediated dilation (FMD). The results showed a significant acute increase in FMD across all three groups (P < 0.05). However, no significant differences were observed between the groups (P > 0.05). Despite this, effect size and percentage change analyses suggested a slight advantage, indicating that these forms of exercise may be a promising approach for improving vascular function.

Key Words: Aerobic Exercise, Glycemic Control, Low Intensity Exercise, Vascular Function

.  


INTRODUCTION

Prediabetes is characterized by fasting blood sugar levels between 100 to 125 mg/dL, increasing the risk of developing diabetes. A primary factor contributing to this condition is insulin resistance, where the body's responsiveness to insulin declines, reducing glucose uptake into cells. As insulin resistance worsens, the body compensates by producing more insulin, ultimately leading to impaired blood sugar regulation. In severe cases, glucose accumulates in the bloodstream rather than being efficiently used for energy. This dysfunction disrupts signal transduction, which governs insulin signaling from receptors to glucose transporters.

Extensive research has explored the impact of exercise on blood sugar management. Engaging in regular aerobic activities, such as brisk walking and jogging, has been shown to enhance insulin sensitivity. Sigal (12) reported that 45 minutes of moderate-intensity aerobic exercise significantly improved blood sugar regulation, particularly by lowering glycated hemoglobin (HbA1c) levels. Similarly, McArdle et al. (8) found that endurance exercise supports stable blood glucose levels. 

Excess body fat, a common challenge for individuals with prediabetes, plays a key role in insulin resistance. Effective weight management through diet and physical activity is essential for better blood sugar control. Aerobic exercise is particularly beneficial in promoting fat metabolism, allowing the body to utilize stored fat as an energy source. This effect is especially pronounced in moderate- to high-intensity workouts, which enhance fat oxidation and metabolic efficiency. Research by Lazzer et al. (6) in 2017 suggests that at least 3 weeks of endurance training can lead to notable improvements in insulin sensitivity and glucose metabolism. Nevertheless, further studies are needed to determine the most effective exercise regimen for individuals with prediabetes.


Low-intensity exercise leads to a smaller reduction in body fat but is more effective at enhancing fat oxidation. In contrast, high-intensity exercise provides superior overall fitness benefits. Exercise with alternating intensities has been shown to effectively decrease body fat and regulate blood sugar levels in individuals with diabetes. Mitranun et al. (10) found that high-intensity interval training (HIIT) significantly improved blood sugar control, while low-intensity exercise contributed to weight reduction. Similarly, Borowik et al. (2) reported that alternating-intensity workouts enhance fat oxidation in both overweight and normal-weight individuals.

When comparing continuous aerobic exercise, resistance training, and interval training, research indicates that aerobic exercise may result in greater fat oxidation than other methods. However, continuous aerobic exercise improves insulin sensitivity over an extended period. A combination of both training approaches may be the most effective for enhancing fat oxidation, supporting metabolic health, and lowering the risk of diabetes.

Based on these findings, individuals with prediabetes may benefit from incorporating both continuous exercise and high-intensity interval training to manage body weight, enhance physical fitness, and regulate blood sugar levels. However, research on the effects of this combination on vascular function in prediabetes is limited. This study aims to demonstrate the effectiveness of each exercise program.


METHODS


Subjects

The study employed an experimental research design conducted on 12 female participants aged 35-60 who were working at Srinakharinwirot University in Nakhon Nayok. Participants' health history and general qualifications were evaluated before screening for the exercise program. The inclusion criteria were as follows: no participation in training programs for at least 6 months prior to the start of the study; no smoking; HbA1c levels between 5.7% and 6.4%; fasting blood glucose levels between 100 and 125 mg/dL, with no insulin injections; and no coronary artery disease. Additionally, participants had to have a BMI of over 25 kg/m². Exclusion criteria included individuals who did not consistently participate in the program or who sustained severe injuries during the experiment.


The present study was approved by the Ethics Committee of Srinakharinwirot University, Thailand, and was conducted in conformity with the Declaration of Helsinki guidelines. All participants gave written informed consent following a thorough explanation of the exercise programs and experimental methods.


The participants' health and readiness were assessed using the Physical Activity Readiness Questionnaire Plus (PAR-Q+) prior to the start of the exercise session. Each participant met the requirements to take part in the workouts. The PAR-Q+ is used to identify past health issues that could worsen with increased physical activity. If a participant answers "no" to each of the seven questions on the PAR-Q+, it can be reasonably concluded that their risk of experiencing problems from low-to-moderate intensity exercise is low.


Experimental Design

This study was designed to evaluate three different aerobic exercise programs on FMD using a crossover design. In the first exercise program, participants performed high-intensity interval exercise (HIIE). This involved warming up on a treadmill for 5 minutes, followed by two minutes of training at 85% VO2 max and 2 minutes at 50% VO2 max, for a total of 7 bouts of training. Finally, participants cooled down on the treadmill for approximately five minutes. In the second exercise program, participants engaged in continuous exercise (CON). They warmed up on the treadmill for 5 minutes, trained for 35 minutes at 50% of their maximum oxygen consumption, and then cooled down for 5 minutes. The 3rd exercise program involved combined exercise (COM). The workout began with 5 minutes of treadmill warm-up, followed by 2 minutes of training at 85% VO2 max and 2 minutes at 50% VO2 max. This cycle was repeated 4 times, totaling 16 continuous minutes of training at 50% VO2 max. Afterward, participants spent 5 minutes cooling down on the treadmill. Each condition was separated by 72 hours to eliminate any acute effects on FMD. The sequence of test conditions was selected using a 3 × 3 Latin square design. Vascular function was measured before and after exercise.

Evaluation of Endothelial Function


Endothelial function was assessed by measuring flow-mediated dilation (FMD) in the brachial artery using a linear array ultrasound transducer, as previously mentioned (9,11). To assess FMD, each participant was instructed to lie comfortably on their back for 20 minutes, during which a blood pressure cuff was fastened to their right forearm. Measurements were taken at 3 time points: 1 minute (baseline), 5 minutes of occlusion (when the cuff was rapidly inflated to 50 mmHg above systolic blood pressure), and 5 minutes of deflation after the ultrasound probe was positioned longitudinally above the antecubital fossa to image the brachial artery. The brachial artery diameter was measured for five minutes after the cuff was deflated. A brachial analyzer program then analyzed the recorded data. FMD is calculated as [(maximum diameter - diameter at rest) × 100] / diameter at rest.

Statistical Analysis


All variables were tested for a normal distribution of the data. Normally distributed data were expressed as mean ± SD values. Differences among the 3 groups were tested using one ways analysis of variance and Bonferroni post hoc test. Mean values were compared before and acute after the exercise program using A paired sample t-test was. A P-value of <0.05 was considered statistically significant


RESULTS


Table 1 presents the characteristics of the subjects, including age, weight, BMI, height, SBP, DBP, VO₂ peak, and baseline FMD, expressed as mean ± SD.


The results demonstrated a significant acute increase in FMD across all three exercise groups (P < 0.05), indicating a positive impact on vascular function. However, no statistically significant differences were observed between the groups (P > 0.05), suggesting that each exercise type had a comparable effect. Nonetheless, analyses of effect size and percentage change indicated a slight advantage within each group. The data are presented in Tables 2, 3, and 4.


Table 1.  Characteristics of the Subjects.

		Conditions

		Baseline Characteristics of the Participants



		Age (yr)

		  46.08 ± 5.16



		Weight (kg)

		    76.14 ± 16.36



		BMI (kg/m2)

		  29.73 ± 5.07



		Height (m)

		    1.51 ± 0.05



		SBP (mmHg)

		131.91 ± 7.00



		DBP (mmHg)

		  83.08 ± 6.38



		VO2 Peak (ml/kg/min)

		  25.00 ± 4.19



		Baseline FMD (%)

		    6.65 ± 0.70





Use the “(” symbol throughout all tables and text presentation of mean ( SD data.  Abbreviations: BMI = Body Mass Index, SBP = Systolic Blood Pressure, DBP = Diastolic Blood Pressure, FMD = Flow-Mediated Dilation.

Table 2. The Acute Effects of Exercise on FMD.

		Conditions

		Baseline FMD (%)

		Post FMD (%)





		HIIE

		6.65 ( 0.72

		7.84 ( 1.15*



		CON

		6.65 ( 0.72

		7.35 ( 0.87*



		COM

		6.65 ( 0.72

		7.84 ( 0.95*





Use the “(” symbol throughout all tables and text presentation of mean ( SD data.  Abbreviations: HIIE = High-Intensity Interval Exercise, CON = Continuous Exercise, and COM = Combined Exercise, *Different from pretest, significant at the .05 level.

Table 3. Effect Sizes (Baseline and Post-Test).

		Conditions

		Effect Sizes (Baseline and Post-Test)





		HIIE

		1.34



		CON

		0.99



		COM

		1.53





Abbreviations: HIIE = High-Intensity Interval Exercise, CON = Continuous Exercise, and COM = Combined Exercise.

Table 4. Percentage Change of Post-Test and Baseline.

		Conditions

		Percentage Change of Post-Test and Baseline (%)





		HIIE

		18.07



		CON

		10.51



		COM

		18.10





Abbreviations: HIIE = High-Intensity Interval Exercise, CON = Continuous Exercise, and COM = Combined Exercise.

DISCUSSION


The major finding of this study is that all three exercise groups experienced an acute increase in FMD. While no significant differences were observed among the groups, the effect size and percentage change suggested a slight benefit, indicating that this type of exercise may be a promising approach for enhancing vascular function. This is particularly relevant for individuals with prediabetes and obesity, conditions known to impair vascular health.


In individuals with prediabetes, vascular dysfunction is commonly observed, and obesity further exacerbates these issues. When both conditions are present, vascular function deteriorates even more. Exercise is widely recognized for its positive impact on vascular health, primarily through the mechanism of shear stress. Shear stress, the frictional force exerted by blood flow on the endothelial lining, stimulates the release of nitric oxide (NO), a key vasodilator that enhances endothelial function and improves arterial compliance. Regular exercise increases baseline levels of shear stress, promoting vascular adaptations such as improved endothelial responsiveness, greater arterial elasticity, and reduced arterial stiffness. Additionally, exercise enhances antioxidant defense mechanisms, reduces oxidative stress, and lowers inflammation, all of which contribute to improved vascular health and function (3).

Although research on the effects of exercise on FMD often begins with acute studies, as short-term vascular changes induced by exercise have been shown to contribute to improved resting FMD after 2 weeks of endurance training in healthy men (4), studies examining the acute effects of exercise on FMD have yielded inconsistent results. Some studies have reported an increase (5), a decrease (1), or no significant change (11). These discrepancies may be due to differences in participant characteristics, such as training status (trained vs. untrained), underlying health conditions, sex, or variations in exercise protocols.


Acute high-intensity intermittent exercise (HIIE) has proven to be a more effective method than moderate-intensity continuous exercise (MICE) for enhancing endothelial function in sedentary young individuals (7). This is primarily due to the higher intensity of HIIE, which results in significant increases in lactate levels. These elevated lactate levels, in turn, stimulate the release of vascular endothelial growth factor (VEGF), a key regulator of blood vessel function. The increased shear rate after high-intensity exercise plays a crucial role in this process, enhancing endothelial function and promoting vascular health. The higher intensity of HIIE also contributes to more substantial improvements in vascular responses compared to MICE, underscoring the importance of intensity in optimizing endothelial function. Incorporating high-intensity exercise into training regimens may be a more effective strategy for improving vascular health, particularly in sedentary populations.


However, research investigating the combined effects of different exercise modalities in individuals with both prediabetes and obesity remains limited. This study demonstrated that continuous exercise, high-intensity interval training, and combined exercise all led to an immediate improvement in vascular function, as evidenced by an acute increase in FMD following a single exercise session. Despite this, no significant differences were observed between the exercise types, possibly due to variations in participant characteristics, including age, fitness level, and health status. This study specifically focused on individuals with prediabetes who were also classified as overweight or obese.


Limitations in this Study


One limitation of this study is that it focused on short-term effects of exercise, and the long-term impact of these exercise modalities on vascular health in individuals with prediabetes and obesity is still unclear. Future research should explore the chronic effects of different exercise modalities and examine whether repeated acute improvements translate into sustained vascular benefits over time. Additionally, further studies could investigate how specific participant characteristics (e.g., sex, age, baseline fitness level) might influence the effectiveness of different exercise types on vascular function.


CONCLUSIONS

The findings suggest that various exercise modalities, including continuous exercise, high-intensity interval training, and combined exercise, can provide immediate benefits to vascular function in individuals with prediabetes and obesity. While no significant differences were observed between these modalities, the results underscore the importance of exercise in improving endothelial function. Future studies should focus on longer-term adaptations and investigate how specific characteristics of the individuals may affect the outcomes of different exercise regimens.
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ABSTRACT


Thonglong T, Choosakul C, Supwirapakorn W, Singnoy C, Julvanichpong T. Development of an Aerobic Program Combined with Folk Dance to Enhance Health and Active Aging in Older Adults: A Literature Review. JEPonline 2025;28(3):9-27. Due to global population aging rapidly, promoting both physical and mental health has become very important. This study assessed the development of an aerobic exercise program combined with folk dance to enhance health and active aging in older adults. A quantitative literature review using a biometric approach was conducted to analyze 16 articles published between 2020 and 2024 in PubMed, Google Scholar, ScienceDirect, and Thaijo. The results indicated that aerobic exercise combined with folk dance improved muscle strength, flexibility, balance, and cardiorespiratory fitness, while also having a positive impact on mental health. Research showed that it reduced stress and increased happiness and self-esteem in older adults while adding a cultural and social dimension that fostered community participation and preserved cultural heritage. The conclusion was aerobic exercise combined with folk dance not only promoted physical and mental health, but also enhanced social interaction. This integrated program aligns well with World Health Organization’s framework for active aging by offering a holistic approach to enhancing quality of life in older adults.


Key Words: Active Aging, Community Participation, Folk Dance, Older Adults  


INTRODUCTION

Currently, Thailand and many countries around the world are entering the “aging society”, that has a significant impact on the population structure and health system (44). The older adults often faced chronic health problems, such as heart disease, high blood pressure, and muscle and bone degeneration that have a negative influence on their overall quality of life (50). Adapting to meet these health needs and social challenges is essential, especially in Thailand, where the order adult’s population is continuously growing. Promoting physical activity and building community participation among the elderly are important factors in the improvement in long-term quality of life.


Exercise is recognized as an effective way to prevent and alleviate chronic diseases in the elderly, especially aerobic exercise that has a positive influence on physical fitness that includes an increase in muscle strength, balance, and cardiovascular function (33). Although exercise is an effective method, it may not be enough to meet the mental and social needs of the elderly. In fact, the elderly need activities that enhance their sense of community and promote social interaction. One way to meet this need is to integrate physical activities with local culture, such as folk performances. This integration not only provides the elderly with opportunities to exercise, but also promotes a sense of community and preserves cultural heritage (27). In addition, folk performances can increase self-esteem, reduce stress, and enhance social interaction in the elderly (39). The concept of "active aging" proposed by the World Health Organization (61) focuses on promoting health, social participation, and life stability. This approach can be addressed through physical activities that integrate cultural dimensions, such as incorporating folk performances into exercise programs, which allow the elderly to benefit in their health and community connections.


Previous research on the health promotion of the elderly in Thailand has often focused on traditional exercises that include walking, running, or yoga. However, the integration of local cultures, such as folk dances, which are uniquely Thai activities, has shown interesting results in promoting the health of the elderly. Boonrod (5) conducted a study on the use of folk performances in exercise and found that the elderly who participated were happy and satisfied with preserving the culture while improving their physical and mental health at the same time. This research indicates that the integration of local culture into exercise programs leads to greater participation by the elderly that not only helps to improve physical fitness but also improves a sense of belonging to the community and the transmission of folk culture to the next generation. Similarly, other forms of culturally focused exercise, such as exercise using folk music or Thai dancing, have also been accepted in Thailand. Moreover, integrating these cultural activities into exercise increases the motivation of the elderly to participate in regular physical activities to improve their physical and mental health (39).

In addition to Thailand, other Asian countries such as Japan, South Korea, and China have conduct research on promoting the health of the elderly through exercise that combines their local culture. In Japan, Tai Chi is a widely accepted activity among the elderly as it is an exercise rooted in traditional culture and has positive effects on physical and mental health, especially in terms of increasing muscle strength, improving balance, and reducing stress. The research of Po-Yin Chen et al. (39) showed that Tai Chi has positive effects on the health of the elderly in terms of enhancing physical fitness and reducing the risk of falls, which are common problems among the elderly. In South Korea, Korean folk dance was studied to assess its effects on mental and physical health of the elderly. The research of Kim et al. (22) found that the elderly who participated in folk dance activities had higher life satisfaction, were happier in their daily lives and had better relationships with others in their communities. In both Thailand and Asian countries, local culture plays an important role in promoting the health of the elderly. Culturally integrated exercise programs not only help the elderly have better physical health, they also promote cultural and social connections. Hence, preserving local culture and creating a sense of community are important factors in promoting active aging, especially given that exercise combined with local culture can effectively enhance both physical and mental health of the elderly. 

Regular exercise programs that incorporate cultures, such as folk performances, folk dancing, or Tai Chi not only increase physical fitness but also enhance social participation and the preservation of local culture. Promoting the participation of the elderly in culturally linked activities is a potential way to improve the quality of life of the elderly in Thailand and other Asian countries. In fact, it was found in the literature review that the development of aerobic exercise programs integrated with folk performances has high potential to promote physical and mental health of the elderly. The programs not only enhance physical fitness but also help build self-esteem and strengthen social relationships in the community. Moreover, preserving the local culture through this integration can clearly promote the concept of active aging.


METHODS



Search Strategy and Data Sources


The study followed the PRISMA guidelines (29). The search covered international databases that included PubMed, Google Scholar, and ScienceDirect, and domestic databases such as TCI. It also referenced information from health agencies that included the World Health Organization (WHO), and the Thai Gerontology Research and Development Institute Foundation to support the analysis and development of exercise programs. The keywords that were used included: "Traditional Folk Dance," “Aerobic Exercise,” “Folk Dance,” "Older Adults," (“elderly” OR “older adults”) "Health" ("Physical Fitness" OR "Mental Health" OR “Social Health”) and "Active Aging".

Eligibility Criteria and Study Selection


The inclusion criteria were aerobic exercise and folk performance published in peer-reviewed journals between 2020-2024. The exclusion criteria were qualitative research, review articles/editorial articles, proceedings, unavailable full text, and meta-analyses.


Ethical Approval Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the   Ethics   Committee of the Burapa University (protocol   code   G-HS112/2024 and date of the approval was November 21, 2024)


Data Analysis


The data obtained from the research were categorized into topics, such as the effects of exercise on physical and mental health, the role of folk performances, and the factors affecting the success of the program. The content analysis was used to compare the results of the studies from different sources and identify consistent trends, and the analysis also focused on relevant factors such as accessibility of activities and community participation. The analyzed data were synthesized to generate recommendations for designing aerobic exercise programs incorporating folk performances, with an emphasis on adapting them to the cultural context of the community, including promoting physical health, mental health, and social participation of the order adults.


RESULTS


One researcher first searched the specified databases for data using the keywords above to identify studies that met the inclusion criteria. Screening of the titles and abstracts revealed 26 relevant studies from PubMed, 56 from Google Scholar, 14 from ScienceDirect, and 14 from Thaijo. Next, researchers read the titles, abstracts, and research content carefully. A total of 36 publications were eliminated due to duplications (n = 4), systematic review and meta-analysis (n = 11), lack of focus on healthy older adults (n = 10), not being full texts (21 studies), and not being related to folk dance (11 studies). A total of 53 studies were included in the review, as shown in Figure 1.
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Figure 1. Flow Diagram Adapted to Examine “Developing an Aerobic Program Incorporating Folk Dance to Enhance Health and Active Aging in Older Adults.” Adapted from the PRISMA Guidelines (29).

The screened and synthesized data are presented in the form of a research article, highlighting the effects of an aerobic exercise program and folk performance on the physical and mental health of older adults and providing recommendations for future program development. This research process resulted in comprehensive and targeted data to support the creation of effective and sustainable programs for older adults in the Thai context. We developed a form to extract data to perform the literature review. The details in Table 1 include the authors, publication year, and information on the Experimental and Control Groups.

Table 1. Literature Review Aerobic Program Incorporating Folk Dance to Enhance Health and Active Aging in Older Adults.


		Authors/Year

		Designs/Sample

		Intervention

		Results/Findings



		Physical Fitness Health Studies



		Kaewjoho et al. [18]

		Quasi-experimental study / 45 Thai order adults aged 60-75 years.

		Thai standard dance (Ram Wong), 50 minutes, 3 times/week for 8 weeks.

		Significant improvements in cardiovascular endurance, flexibility, balance, and lower body 

muscle strength.



		Schmidt et al. [48]

		Crossover experimental study / 36 German order adults aged 70+ years.

		Mixed aerobic program with Tai Chi sword, 45 minutes, 3 times/week for 12 weeks.

		Significant improvements in blood pressure, core muscle strength, balance, and 28% reduction in fall rate compared to Control Group.



		Santini et al. 

[47]

		Quasi-experimental study / 56 Brazilian order adults with average age of 69.7 years.

		Samba dancing for order adults, 50 minutes, 2 times/week for 12 weeks.

		Significant improvements in oxygen consumption capacity, leg muscle strength, and flexibility, including reduced blood pressure.



		Sriya et al. 


[55]

		Order adults aged between 60-69 years old in Hua Phai Subdistrict, Muang SingBuri District, SingBuri Province.

		Aerobic exercise with folk songs for 6 weeks, 3 times a week, 30-45 minutes per time.

		Body composition, flexibility, muscle strength, Cardiorespiratory endurance and balance were improved when compared to the pre-test in Experimental Group.



		Tsekoura et al. 


[59]

		Randomized Controlled Trial (RCT) / 70 Greek order adults aged 65+ years.

		Mixed aerobic program with Greek folk dance, 60 minutes, 3 times/week for 12 weeks.

		Improvements in muscle strength, endurance, balance, and reduced risk of falls. The Experimental Group had significantly improved mental 

health scores.



		Liu et al. 


[26]

		Randomized Controlled Trial (RCT) / 120 Chinese order adults aged 60-85 years.

		Chinese folk dance (Square dancing), 60 minutes, 3 times/week for 24 weeks.

		Significant improvements in leg muscle strength, balance, flexibility, and general movement, including reduced depression and anxiety.



		Cortes et al. 

[8]

		Quasi-experimental study / 48 Spanish order adults aged 

65+ years.

		Spanish folk dance (Flamenco) compared to standard aerobic program, 60 minutes, 2 times/week for 

16 weeks.

		Folk dance group had greater improvements in balance, coordination, and overall physical fitness than the standard aerobic group, and had higher participation rates



		Fookloytanan

[14]

		Females’ older adults aged 60-75 years.

		Isan dance exercise program with 20 postures, 8 weeks of training, 3 days a week, 50 minutes 

a day.

		Improved in muscle strength and endurance, flexibility, balance, body composition, and cardiorespiratory endurance respiratory endurance in Experimental Group.



		Rodziewicz‑Flis et al. [43]

		Fifty-six community-dwelling older adults’ female range 65–85 years old.

		The folk‑dance training was performed 3 times a week for 12 weeks.

		Improved physical performance and blood pressure.



		Pakkatara & Rachivong.


[36]

		Order adults aged over 60 years in Si Sa Ket Municipality, Si Sa Ket Province.

		Folk Plays and Thai Sports Program for 8 weeks, 3 times a week, for 60 minutes per day.

		The stress level decrease significantly different with a statistical significance of 0.05.



		Boonrod & Sittiwong.


[6]

		Order adults Wat Phrik Order adults School, Wat Phrik Subdistrict, Mueang District, Phitsanulok Province.

		Folk music playing activities program for 40 – 45 minutes 

per day.

		Promotes teamwork, builds relationships with participants, and promotes emotional well-being.



		Park & Kim 

[37]

		Randomized Controlled Trial (RCT) / 62 Korean order adults aged 65-80 years.

		Korean folk dance (Ganggangsullae), 50 minutes, 2 times/week for 24 weeks.

		Significant improvements in balance, leg strength, and flexibility, including reduced risk of falls.



		Dogra et al. 


[11]

		Systematic review and meta-analysis / 18 studies including 1,254 order adults’ participants.

		Various folk dance and aerobic activities, 2-3 times/week for 8-24 weeks.

		Meta-analysis showed that folk dancing was more effective than general aerobics in improving balance, flexibility, and fall prevention.



		Sooktho et al. 


[54]

		Older adults aged over 60 years.

		A local dance application based on the rhythm of Isan folk dance music with participation for 12 weeks, 40 minutes per day, 3 days per week.

		Improved in Muscle strength, flexibility, balance, and cardiorespiratory endurance respiratory endurance in Experimental Group.



		Rangubhet et al.


[40]

		Older adults aged over 60 years who were Tai Lue weavers.

		RamKrabong exercise program for 8 weeks, 3 days a week, 90 minutes per day.

		Body composition, flexibility, and muscle strength were improved when compared to the pre-test in Experimental Group and Control Group.






		Niyomsat et al.


[34]

		Older persons aged up 60 years old who were able for independent self-care from Krapi and Srapaniod village, Nong Bua Sa-ad sub-district, Bua Yai district, Nakhon Ratchasima.

		Ram Wong Conga exercise program for 2 weeks, 5 days a week, 30 minutes per day.

		Improved in Muscle strength and endurance, flexibility, balance, and cardiorespiratory endurance when compared to the pre-test in Experimental Group and Control Group.



		Saengprapai et al. [45]

		Order adults aged up 60 years and over, living in Na Yia District, Ubon Ratchathani Province.

		Exercise program with dance moves and music for 4 weeks, 3 days a week, 40 minutes per day.

		Improve in flexibility, and balance when compared to the pretest in 

Experimental Group.



		Thavornsil. 


[57]

		Order adults aged over 60 years old in Chanthaburi Province.

		The recreational activity program on Thai local sports for 8 weeks, 3 days a week, 60 minutes per day.



		Developing mental health and reducing stress levels were statistically significantly different.



		Siddharth & Mishra, 


[49]

		Forty healthy seniors with age between 60-70 years.

		Indian folk-dance therapy received 60 minutes session, five sessions a week 

for 6 weeks.

		Improved in static and dynamic balance, reduced risk of fall, improved cognitive function, improved physical functioning and quality of life.



		Saksanit & Khongprasert.


[46]

		Thirty-four healthy order adults, aged between 60-79 years.

		Thai dance training with ankle weight loading for 12 weeks, 3 days per week, 60 minutes per time.

		Improvements of gait performance, balance, muscular strength 

and flexibility.



		Li et al. 


[25]

		Quasi-experimental study / 84 order adults with average age of 68.3 years.

		Chinese folk dance, 45 minutes, 3 times/week for 

16 weeks.

		Significant development in flexibility, muscle strength, oxygen consumption capacity, and body mass index compared to Control Group.



		Rodrigues-Krause et al. 

[42]

		Experimental study / 30 order adults aged 65-80 years.

		Ballroom dancing, 60 minutes, 3 times/week for 16 weeks.

		Significant improvements in maximum oxygen consumption capacity (VO2 max), vascular function, and quality of life, including reduced inflammation levels in the body.



		Narita et al. 

[32]

		Non-randomized study / 40 Japanese order adults aged 65-85 years.

		Japanese folk dance (Bon-Odori), 45 minutes, 1 time/week for 12 weeks.

		Moderate improvements in balance and leg strength, but significant effects on social interaction and mental health.



		Phanpheng, 


[7]

		Ninety participants aged 60-75 years of order adults

		Traditional Srichiangmai dance program comprised 15 postures, 4 rounds of dance techniques sessions of 30 minutes, 3 time per week for 12 weeks.

		Improved balance and mobility.



		Smuntavekin 

et al. [53]

		Order adults in health promotion program at Sirinthorn hospital, Prawet, Bangkok.

		Tai chi exercise program for 8 weeks, 3 times a week, for 50 minutes per day.

		Improved leg muscular strength and balance, which could reduce the risk of falling and quality of life in physical, emotional, social, and environmental aspects than the Control Group.



		Zhao et al. 

[65]

		Randomized Controlled Trial (RCT) / 60 Chinese order adults aged 60-75 years.

		Tai Chi, 60 minutes, 3 times/week for 

12 weeks.

		Significant improvements in balance, stability, leg strength, and overall quality of life. Blood pressure significantly decreased compared to Control Group



		Cruz-Ferreira 

et al. [9]

		Experimental study / 48 Portuguese order adults aged 65-75 years.

		Portuguese folk dance, 60 minutes, 2 times/week for 24 weeks.

		Significant improvements in flexibility, balance, and lower body muscle strength, including improved self-assessment of health.



		Franco, et al.


[15]

		Eighty-two community-dwelling older people aged 60 years old.

		The Senior Dance program consisted of 12 weeks, 1-hour educational session on prevention.

		Improving balance and mobility.



		Achariyacheevin, & Choosakul


[1]

		Order adults age 60 -82 years old in Members of the Taksila Nakhon Order adults Club, Maha Sarakham Province.



		Social Dance Exercise program for 8 weeks, 3 times per week and 1 hour per day.

		Static and dynamic balance were significantly increased and stress was significantly decreased after 8 weeks of training program.



		Mental Health Studies



		Nakamura et al. [31]

		Randomized Controlled Trial (RCT) / 65 Japanese order adults aged 65-78 years.

		Traditional Japanese dance, 50 minutes, 2 times/week for 

16 weeks.

		Improved self-efficacy, reduced social anxiety, increased sense of community connection, and improved sleep rates.



		Kang & Park 

[19]

		Randomized Controlled Trial (RCT) / 72 Korean order adults living in nursing homes aged 

65+ years.

		Adapted Korean folk dance, 40 minutes, 3 times/week for 

16 weeks.

		Significant reduction in depression scores (45%), increased self-esteem, reduced feelings of loneliness, and increased life satisfaction. 20% reduction in antidepressant 

medication use.



		Wang et al. 


[60]

		Randomized Controlled Trial (RCT) / 94 Chinese order adults with mild depression aged 

60+ years.

		Group Chinese dance (Square dancing), 60 minutes, 3 times/week for 12 weeks

		Significant reduction in depression scores (GDS), increased serotonin and endorphin levels, improved sleep quality, and increased social interaction.



		Berardi et al. 


[3]

		Randomized Controlled Trial (RCT) / 64 Italian order adults aged 65-85 years.

		Italian folk dance (Tarantella) compared with general aerobic program, 60 minutes, 2 times/week for 

16 weeks.

		Folk dance group had higher happiness and social connection scores, higher participation rates (92% vs. 78%), and higher levels of happiness 

hormone (endorphin).



		Reigal et al. 


[41]

		Comparative study / 86 Spanish order adults aged 

60-79 years.

		Comparing water aerobics, land aerobics, and folk dancing, 45 minutes, 2 times/week for 

12 weeks.

		All groups showed improvements in mental health, but the folk-dance group had the highest social connection and enjoyment scores. Water aerobics group had the highest pain 

reduction scores.



		Santos et al. 


[48]

		Randomized Controlled Trial (RCT) / 80 Portuguese order adults aged 

65-85 years.

		Ballroom dance program, 50 minutes, 3 times/week for 

24 weeks.

		Reduction in depression and anxiety symptoms, increased self-esteem and improved social functioning. Reduced stress hormone (cortisol) levels.



		Singh et al. 


[52]

		Systematic review and meta-analysis / 22 studies including 

1,648 order adult participants.

		Various folk dance and aerobic activities, 2-3 times/week for 

8-24 weeks.

		Meta-analysis showed that group dance and aerobic activities reduced depression symptoms by 30-45% and anxiety by 20-40%, with folk activities having higher participation rates.





		Kim & Lee 


[21]

		Quasi-experimental study / 68 Korean order adults with average age of 

73.2 years.

		Korean folk dance, 45 minutes, 2 times/week for 12 weeks.

		Significant improvement in mental health scores, reduced stress levels, increased sense of community belonging and life satisfaction compared to Control Group.





		Oliveira et al. 


[35]

		Randomized Controlled Trial (RCT) / 90 Brazilian order adults aged 60+ years.

		Samba and Forró dancing, 60 minutes, 3 times/week for 

16 weeks.

		Significant increase in happiness levels, reduction in stress and anxiety, improvement in cognition and memory compared to Control Group.



		Müller et al. 


[30]

		Randomized Controlled Trial (RCT) / 108 German order adults aged 65+ years.

		German folk dance, 60 minutes, 1 time/week compared with brisk walking for 24 weeks.

		Dance group had higher happiness, lower loneliness feelings, and higher sense of community belonging than the brisk walking group. Higher oxytocin levels measured in the Dance Group.



		Zhang et al. 


[64]

		Randomized Controlled Trial (RCT) / 120 Chinese order adults aged 60-80 years.

		Tai Chi, 60 minutes, 3 times/week for 

16 weeks.

		Significant decrease in depression and anxiety scores. Increased levels of happiness and perceived quality of life compared to Control Group. Significant reduction in GDS (Geriatric Depression Scale) scores.



		Marquez et al. 


[28]

		Experimental study / 32 Latin American order adults with mild depression aged 65-80 years

		Latin dance (Salsa), 45 minutes, 2 times/week for 12 weeks

		Significant reduction in depression scores (40%), increased enjoyment in daily activities and social participation compared to control group



		Teixeira et al. 


[56]

		Experimental study / 45 Brazilian order adults aged 

65-80 years.

		Laughter yoga combined with aerobics, 60 minutes, 2 times/week for 

12 weeks.

		Significant increase in life satisfaction, reduced depression symptoms, and increased positive emotional expression. Increase in happiness hormone (dopamine).



		Social Health Studies



		Henchoz et al. 


[16]

		Cross-sectional and follow-up study / 245 Swiss order adults aged 65+ years.

		Swiss folk dance compared with individual physical activities, 1-3 times/week, followed for 24 months.

		Folk dance group had lower social isolation (18% vs 42%), higher social support scores, and higher community interaction (65% vs 35%) compared to individual Exercise Group.



		Hwang & Choi 


[17]

		Randomized Controlled Trial (RCT) / 60 Korean order adults living in nursing homes aged 

65+ years.



		Korean folk dance adapted for order adults, 45 minutes, 2 times/week for 

12 weeks.

		42% decrease in loneliness scores, 58% increase in social interaction, and 37% increase in satisfaction with nursing home environment compared to Control Group.



		Watanabe et al. 


[62]

		Randomized Controlled Trial (RCT) / 78 Japanese order adults living alone aged 65-85 years.

		Japanese dance program (Yosakoi) for order adults, 45 minutes, 2 times/week for 24 weeks.

		Significant decrease in feelings of loneliness (48%), increase in social support for both emotional and daily living aspects (55%), 78% increase in phone contact and home visits between participants.





		Fernandez et al. 


[13]

		Participatory action research / 45 Latin American order adults in immigrant communities aged 

60+ years.



		Mixed folk and Latin dancing, 60 minutes, 2 times/week for 

16 weeks.

		In addition to increased social interaction, improved cultural integration, formation of mutual support groups, and increased participation in social and political activities in 

the community.



		Silva et al. 


[51]

		Randomized Controlled Trial (RCT) / 80 Portuguese order adults aged 

60-80 years.

		Portuguese folk dance, 50 minutes, 2 times/week for 

24 weeks.

		45% increase in social network size, 40% improvement in social relationship quality, and 60% increase in community activity participation 

compared to control. 



		Patterson et al. 


[38]

		Long-term follow-up study / 298 English order adults aged 65-90 years.

		Comparing effects of folk dancing, general aerobics, and control group, followed for 

36 months.

		After 3 years, folk dance group had larger social networks (average 8.3 people vs 5.2 people), higher frequency of social contact (4.2 times/week vs 2.1 times/week), and more community activity participation (65% vs. 38%) 

compared to Control Group.



		Dunsky et al. 

[12]

		Randomized Controlled Trial (RCT) / 75 Israeli order adults aged 60-80 years.

		Israeli circle dance, 60 minutes, 2 times/week for 16 weeks.

		52% increase in sense of community belonging, 45% increase in social capital, and 38% decrease in feelings of loneliness, including increased 

cultural attachment.



		Lee et al.

[24]

		Randomized Controlled Trial (RCT) / 62 Korean order adults aged 65-

85 years.

		Korean folk dance 60 minutes, 2 times/week for 16 weeks.

		Significantly increased social interaction (82% of participants reported expanding their social network), reduced feelings of loneliness by 40%, and increased sense of community belonging compared to Control Group.



		Cruz et al. 


[10]

		Quasi-experimental study / 40 Mexican-American order adults aged 65-85 years.

		Latin dance (Salsa and Merengue), 50 minutes, 2 times/week for 12 weeks.

		55% increase in frequency of social interactions, 48% increase in sense of community belonging, and 43% decrease in feelings of loneliness. Connection found between wider social networks and decreased blood pressure.





DISCUSSION

This literature review reveals novel insights into the superior efficacy of integrating folk dance with aerobic exercise for promoting active aging. The findings extend beyond the well-documented benefits of conventional exercise programs, demonstrating unique mechanisms through which cultural integration enhances physical, mental, and social outcomes among older adults. This approach builds upon over 40 years of evidence supporting dance-based interventions for health promotion (23). Our analysis identifies distinct characteristics that differentiate folk dance-based exercise from conventional aerobic programs. While traditional aerobic exercise emphasizes high-intensity movements and repetitive patterns, Thai folk dance incorporates gentle, flowing movements that replicate cultural activities such as rice farming and traditional crafts (4,20). This cultural embodiment in movement patterns yields superior outcomes in several domains that are very similar to the benefits observed in diverse cultures around the world (Thailand, China, Korea, Europe, Brazil, and more), such as Traditional Greek dance (59) Argentine tango (2) Chinese square dancing (34), folk dances from Korea (Ganggangsullae) (40), Spain (Flamenco) (8), etc. 


The physical fitness of folk dance and movement programs for order adults’ populations demonstrate consistent and significant benefits across multiple domains. These interventions typically involved folk dancing or traditional movement practices conducted 2 to 3 times weekly for 8 to 24 weeks, with sessions lasting 45 to 60 minutes of which the most consistent physical benefits include improved balance and stability, enhanced lower body muscle strength, increased flexibility, and better cardiovascular endurance. For example, Kaewjoho et al. (18) found that Thai standard dance (Ram Wong) significantly improved cardiovascular endurance and balance, while Liu et al. (26) demonstrated that Chinese square dancing enhanced leg strength, balance, and general movement capacity. Similarly, folk dances from Korea (Ganggangsullae) (37), Spain (Flamenco) (8), and Thailand (Isan dance) (14) all showed comparable physical benefits. Traditional practices like Tai Chi also demonstrated effectiveness in improving balance and reducing blood pressure (65).

Notably, several studies found that culturally relevant dance forms often produced superior outcomes compared to standard aerobic programs. For example, Cortes et al. (8) reported that participants in Spanish folk dance showed greater improvements in coordination and overall fitness than those in standard aerobic classes and, similarly, Dogra et al. (11) reported improvements in fall prevention. In addition to direct improvements in physical fitness, research has also shown broader physical health benefits that include a decrease in blood pressure (47,65), an improvement in vascular function, and a decrease in body inflammation levels (42) along with an improvement in sleep quality (31,60).


Mental health of folk dance and movement programs for order adults’ populations reveal significant psychological benefits across diverse interventions. These studies demonstrate that culturally-relevant movement practices produce substantial improvements in mental well-being, mood regulation, and cognitive function. Depression and anxiety reduction emerged as primary benefits across multiple studies. Wang et al. (60) found that Chinese square dancing significantly reduced depression scores while increasing serotonin and endorphin levels. Similarly, Kang and Park (19) reported a 45% decrease in depression scores and 20% decrease in the use of antidepressant medications among the Korean nursing home residents participating in folk dance programs. Zhang et al. (64) documented significant decreases in depression and anxiety scores with Tai Chi practice, while Santos et al. (48) observed reduced cortisol levels following ballroom dance interventions.


Beyond mood improvement, these programs enhanced various aspects of psychological functioning. Nakamura et al. (31) found that traditional Japanese dance improved self-efficacy and reduced social anxiety. Oliveira et al. (35) reported that Brazilian dance forms improved cognition and memory, while Müller et al. (30) documented higher oxytocin levels in folk dance participants compared to walking groups. Teixeira et al. (56) observed increased dopamine production with laughter yoga combined with aerobics. Comparative studies provide particularly valuable insights, with folk dance participants consistently showing higher happiness and social connection scores compared to standard exercise program participants, while still maintaining significant mental health improvements.


The social impact of folk dance and movement programs for older adults demonstrate substantial benefits for social connectivity, community integration, and reduction of isolation. These studies, conducted across diverse cultural contexts, showed that group-based movement activities, particularly those with cultural relevance, significantly enhanced social well-being among older adults.


The expansion of social networks emerged as a primary benefit across multiple studies. Patterson et al.'s (38) long-term follow-up research found that after 3 years, folk dance participants maintained larger social networks that averaged 8.3 people versus 5.2 in control groups) and a higher frequency of social contact (4.2 times weekly versus 2.1). Silva et al. (51) reported a 45% increase in social network size and a 60% increase in community activity participation among Portuguese folk dance participants.


Reduction in loneliness and social isolation was another consistent finding. Hwang & Choi (17) observed a 42% decrease in loneliness scores among nursing home residents, while Watanabe et al. (62) found a 48% decrease in loneliness feelings among order adults living alone, with a 78% increase in phone contact and home visits between participants. Henchoz et al. (16) demonstrated that folk dance groups had significantly lower social isolation rates (18%) compared to the individual exercise groups (42%). The cultural dimension of these interventions appears to enhance their social impact. Fernandez et al. (13) found that Latin American immigrants participating in folk dance programs experienced improved cultural integration and increased participation in community activities. Multiple studies demonstrated that dance and movement programs with cultural elements achieved higher participation rates and stronger social outcomes than standard exercise approaches.


The research results showed that folk dance and cultural activities are effective forms of exercise for the order adults, which is consistent with the principles of sports science that recommend that the order adults receive exercise that combines various components, including cardiovascular endurance, muscular strength, balance, and flexibility. Folk dance can develop these components simultaneously (58). The appropriate frequency of exercise for the older adults is 2 to 3 times a week, with a duration of 45 to 60 minutes per session, which should be continued for at least 8 to 2 weeks to see clear results. This is consistent with recommendations from the American College of Sports Medicine (2), which recommends that the older adults should engage in moderate aerobic exercise for at least 150 minutes per week.


In contrast, urban implementation demands careful modification to accommodate space limitations while maintaining cultural authenticity (63). The program's alignment with WHO's Active Aging framework (63) extends beyond conventional exercise benefits. While standard exercise programs primarily address physical health, the Thai folk dance integration simultaneously promotes health, participation, and security, that is, the three pillars of active aging. This holistic impact is particularly significant in the Thai context, where cultural connection plays a vital role in the older adults' sense of security and social participation. Evidence for long-term sustainability shows promising results, with program retention rates significantly higher than conventional exercise programs (14,43). This superior retention is attributed to the program's cultural relevance and social engagement components that create intrinsic motivation for continued participation.


Future Research Directions Should Focus on Three Key Areas


1. Longitudinal Studies: Track comprehensive health outcomes over 1 to 5 years, particularly cognitive function (46), assess cognitive decline prevention potential, and evaluate long-term community impact.

2. Program Development: Create adaptive variations for different physical capability levels (49), develop standardized assessment protocols incorporating physical, mental, and social metrics, and design systematic knowledge transfer methodologies.

3. Implementation Research: Analyze urban adaptation strategies (36), identify success factors for program scaling, and study policy integration mechanisms.


For Successful Program Implementation, We Recommend


1. Context-Specific Adaptation: Customize programs to regional dance styles (6), engage community leaders and youth groups, and develop culturally appropriate assessment tools.

2. Resource Allocation: Prioritize traditional music and costume resources, invest in training local instructors, and create support networks for program sustainability.

3. Policy Integration: Incorporate cultural preservation metrics in health program evaluations, develop funding mechanisms recognizing dual health-cultural benefits, and establish certification standards for cultural exercise instructors.

These findings provide compelling evidence for the superior efficacy of culturally integrated exercise programs in promoting active aging. The unique combination of physical, neurological, and social benefits, coupled with high retention rates, suggests that this approach offers a more sustainable and effective model for health promotion among older adults than conventional exercise programs alone (34,40,54).

CONCLUSIONS


The exercise program combined with traditional performances has benefits in many aspects, including physical health, mental health, and community relationships. For physical health, the program improves muscle strength, balance, and flexibility of which all are important factors in reducing the risk of falls in older adults. For mental health, the program reduces stress and anxiety, while increases self-confidence, which allows older adults to feel valued and important in their community. In addition, participation in activities related to traditional cultures promotes a sense of belonging to the community that helps to preserves cultural heritage, create connections between the older and younger adults, and helping traditional cultures remain in contemporary life.
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