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ABSTRACT



[bookmark: _Hlk188603041]Miller F, Maglott A, Westerhouse K, Londono Calle Y. VO2 Master Analyzer Accuracy in Measuring Energy Expenditure at Low Intensity. JEPonline 2025;28(1):36-43. The purpose of this study was to evaluate the VO2 Master Analyzer’s accuracy in assessing oxygen consumption (VO2) and energy expenditure (EE) at low-intensity exercise (walking). Thirty college students (21 females and 9 males: ages 18 to 23) attending a Midwest University participated in this crossover study. A paired sample t-test was used to determine statistical differences in VO2 and EE between the 2 systems. A line of best-fit graph was used to visualize differences between the 2 devices. A significant difference (P < 0.05) for VO2 (Parvo Medics = 10.14 ± 0.14 vs. VO2 Master = 8.97 ± 0.23) and EE (Parvo Medics = 3.68 ± 0.15 vs. VO2 Master = 3.30 ± 0.19) was found between the 2 systems. This study concluded that the VO2 Master Analyzer underestimated VO2 and EE by almost 1.44 ml/kg/min and 0.38 kcal/min, respectively. Thus, the VO2 Master Analyzer may not be a suitable measure for VO2 and EE in college students. These findings provide exercise physiologists additional information on VO2 and EE regarding the accuracy of the portable VO2 Master Analyzer.  
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INTRODUCTION



An accurate way to measure low-intensity energy expenditure is to use indirect calorimetry, which is a gold standard that measures oxygen consumption and carbon dioxide production (1). It is one of the most recommended and referenced standards for determining energy expenditure (7). Measurement of energy expenditure provides insight into general health, chronic disease risks, athlete performance, and caloric expenditure (6).

          

The VO2 Master Analyzer is a relatively new portable device that measures oxygen consumption during rest and exercise. However, there is little research on the accuracy of the VO2 Master Analyzer. A study by Miller et al. (5) found that the VO2 Master Analyzer underestimated resting metabolic rate (RMR) by approximately 103 kcal/day compared to the Parvo Medics TrueOne 2400 system. However, no studies were found assessing the accuracy of the VO2 Master Analyzer at low intensity exercise.



The VO2 Master Analyzer has many benefits. One significant benefit is the low cost. The average cost for the VO2 Master Analyzer is about $7,000 USD, which is much cheaper than other systems that can cost more than $30,000 USD (e.g., those from COSMED). A second major benefit of the VO2 Master Analyzer is its portability. Unlike many accurate systems (e.g., Parvo Medics TrueOne 2400), the VO2 Master Analyzer can be used in the field (e.g., while running outside). If it is found to accurately measure energy expenditure at low intensities, then it could be a good alternative to costly or non-portable systems. Therefore, the purpose of this study was to determine if the VO2 Master Analyzer accurately measures VO2 and EE at low exercise intensity. 



METHODS

	

Participants

Thirty college students from a Midwest University volunteered to participate in this study. The participants were between 18 and 23 years of age. First, the participants read an informed consent that explained the benefits, risks, and purpose of the study. Then, they were given the opportunity to ask questions. The participants who agreed to take part in the study signed the informed consent that contained the following instructions before participating in the study: (a) refrain from vigorous, high-intensity physical activity and weight training for at least 12 hours prior to testing; and (b) avoid eating, drinking (except water), consuming caffeine, or engaging in any form of exercise at least 4 hours prior to the study. The university Institutional Review Board (IRB) approved the study before any testing took place.



Procedures

Testing was conducted on a small Midwestern university campus in the Human Performance Lab. Four people were in the lab during the testing: 2 researchers and 2 participants. Once the participants arrived, they were asked if they had adhered to the pretesting guidelines. Those who did not comply were asked to reschedule. The participants who adhered to the pretesting guidelines were asked to read and sign an informed consent, after which their body weight was measured using the laboratory scale. Then, the researchers provided each participant with instructions for testing. The instructions included walking at 2.5 mph on the treadmill with no talking while breathing normal. 



Two participants were tested at the same time. Both walked at 2.5 mph on a treadmill. While walking, one participant was connected to the Parvo Medics TrueOne 2400 system, and the other participant was connected to the VO2 Master Analyzer. This was a crossover study design of which half of the participants were tested with the Parvo Medics TrueOne 2400 system first and the other half were tested with the VO2 Master Analyzer first. After the first test, the participants were allowed to rest for 10 min before being tested with the other equipment. All participants completed each test on the same day, with each testing session lasting 15 min. The first 5 min of data from each instrument was discarded to allow for a steady state of oxygen consumption and air flow, resulting in 10 min of usable data for each test. 



Measurements/Instruments 

The participants’ VO2 and energy expenditure were measured using the Parvo Medics TrueOne 2400 and the VO2 Master Analyzer, where VO2 is oxygen consumption in liters per minute, and VCO2 is carbon dioxide production in liters per minute. Both systems were calibrated before the first participant of the day. The flowmeter and gas calibrations were done according to each system's guidelines. The portable VO2 Master Analyzer used a pumpless system for gas sampling, a galvanic fuel cell O2 sensor, and a differential pressure flow sensor. However, it does not measure VCO2 because there is no CO2 sensor. After calibration of both systems, a mask and strap were fitted to each participant. 



Statistical Analyses



Data analysis was performed in Excel. Descriptive Statistics included the minimum and maximum values, mean, and standard deviation. A paired sample t-test was used to assess the differences in VO2 and EE at low intensity exercise between the Parvo Medics and VO2 Master Analyzer. Statistical significance was set at P ≤ 0.05. 



RESULTS



Table 1 displays the characteristics of the participants (N = 30). There were 21 females and 9 males. Nineteen of the thirty participated in a collegiate sport. 



Table 1. Participant Characteristics. 

		

		Mean ± SD

		Min-Max



		Age (yrs)

		19.9 ± 0.29

		18-23



		Height (in)

		66.2 ± 0.69

		60-76



		Weight (kg)

		72.8 ± 3.13

		  50.8-117.4







Descriptive data for EE and VO2 are shown in Table 2. The paired t-test revealed a significant difference between the Parvo Medics and VO2 Master Analyzer for energy expenditure and VO2. 







Table 2. Descriptive and P-Values for Energy Expenditure and VO2 for Each System. 

		

		Parvo Medics

		VO2 Master

		P-Value



		EE (kcal/min)

		   3.68 ± 0.15 (2.3 - 5.6)

		3.30 ± 0.19 (3.9 - 5.9)

		0.000171



		VO2 (ml/kg/min)

		10.14 ± 0.14 (9 - 11.6)

		8.97 ± 0.23 (4.7 - 6.4)

		0.000006





Note: Data represents Mean ± SD (minimum-maximum). Abbreviates: EE = Energy Expenditure, VO2 = Volume of Oxygen Consumption.



Figure 1 and Figure 2 below shows VO2 and EE data for each participant from the Parvo Medics and the VO2 Master Analyzer, respectively. In both figures, each assigned number represents one participant’s 2 data points for the 2 systems. The data points for the Parvo Medics system fall, on average, closer to its best-fit line than the data points for the VO2 Master Analyzer best fit line. Furthermore, the VO2 Master Analyzer line of best fit falls below the Parvo Medics best fit line in both Figures. 
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Figure 1. Line of Best Fit for VO2 for the Parvo Medics and the VO2 Master Analyzer.
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Figure 2. Line of Best Fit for Energy Expenditure for the Parvo Medics and the VO2 Master Analyzer.



DISCUSSION



This is the first known study that compares energy expenditure and VO2 between the portable VO2 Master Analyzer and the Parvo Medics TrueOne 2400 System. The purpose of this study was to determine VO2 and EE accuracy of the VO2 Master Analyzer by comparing it to a “gold standard”, the Parvo Medics TrueOne 2400. It was hypothesized that the VO2 Master Analyzer would produce similar data for VO2 and EE as the Parvo Medics TrueOne 2400. The study results did not support this hypothesis since there was a significant difference in both VO2 and EE values between the Parvo Medics and the VO2 Master Analyzer. The VO2 Master Analyzer underestimated VO2 and EE by 1.44 ml/kg/min and 0.38 kcal/min, respectively. 



In the study by Miller et al. (5), the researchers evaluated the accuracy of the VO2 Master Analyzer in measuring VO2 during a resting state in comparison to the Parvo Medics TrueOne 2400 Canopy System. However, in contrast to the present study, their study also focused on measuring resting metabolic rate (RMR). Both studies had similar participants regarding age, fitness levels such as athletes and nonathletes, and both included participants from the same college campus. Miller et al. (5) also indicated that there was a significant difference in VO2 measurements in the VO2 Master Analyzer compared to the Parvo Medics TrueOne 2400. Although there were differences in the studies design and dependent measures between the studies, both showed a significant difference in measurements between the VO2 Master Analyzer and the Parvo Medics system. Similarly to Miller et al. (5), this study reported that the VO2 Master Analyzer underestimated VO2 and EE. 

A study that is similar to the present study was conducted by Montoye et al. (6) with the purpose of evaluating the validity of the VO2 Master Analyzer in measuring VO2 during moderate to vigorous intensity. Also, Montoye et al. (6) compared the accuracy of the VO2 Master Analyzer with the Parvo Medics TrueOne 2400. However, the current study had a population of males and females (average age of 19.9 years) with various fitness levels, while their study consisted only of physically active men (average age of 41.0 years). Even considering these differences, this study still reported a significantly lower measurement in VO2 when using the VO2 Master Analyzer compared to the Parvo Medics at higher intensities (6). This underestimation of VO2 is similar to the results of the present study, suggesting that when compared to the Parvo Medics, the VO2 Master Analyzer measured a significantly lower VO2 during low energy expenditure. Montoye et al. (6), attested that the VO2 Master Analyzer measured with some degree of validity VO2 at moderate to vigorous activity levels. They claimed that the VO2 Master Analyzer was suitable for measuring VO2. However, the present study concluded that the VO2 Master Analyzer is a questionable option to measure VO2 and EE given that both were found significantly lower compared to the Parvo Medics VO2 and EE measures. These differences in results may indicate that the accuracy of the VO2 Master Analyzer could be dependent on the population of interest and exercise intensity. 



Limitations and Strengths of Study

 

This study has 3 known limitations and 3 strengths. First, this study only included 30 participants and only 9 were males. The low sample size makes it challenging to apply the study’s findings to a broader population or to populations with mainly males. Second, not all participants were tested with a partner due to participants canceling or not showing up. The testing with a partner versus without may have influenced the findings. Finally, there is uncertainty about whether the participants followed the pretesting guidelines, such as avoiding high-intensity training at least 12 hours prior to testing and fasting from food, caffeine, and any form of exercise 4 hours prior to testing. Each participant was asked to follow these requirements. However, there is no confirmation that they did other than trusting they did.  



This study has three known strengths. First, this study consisted of both athletes and nonathletes, allowing for additional comparisons with other studies that may include both or just one group. Second, this was a crossover study. Half of the participants underwent testing with the VO2 Master Analyzer first while the other half were tested first with the Parvo Medics TrueOne 2400. This study design increased the reliability of the data and minimized potential biases associated with testing order. Third, the participants completed both tests during the same visit. This helped to prevent inter-day variations that may occur and improved the accuracy of the data. 



Study Implications



This study’s findings provided the participants with low-intensity energy expenditure data from two different indirect calorimetry systems. This information allows each participant to estimate better the energy they may expend during low-intensity exercise. Furthermore, the results suggest that the VO2 Master Analyzer may offer an alternative to more expensive and non-portable systems. However, it should be noted that the VO2 Master Analyzer underestimated energy expenditure by 0.38 kcal/min on average, which represents 11.5% of the average EE (i.e., 3.30 kcal/min) and may not be all that important. However, individually, the VO2 Master Analyzer underestimated and overestimated energy expenditure by as much as 1.7 kcal/min and 0.6 kcal/min, respectively, compared to the Parvo Medics. Thus, on an individual level, these differences are considered high and should be considered. 



CONCLUSIONS



This study found that at low intensity exercise, there is significant difference in energy expenditure and VO2 between the VO2 Master Analyzer and the Parvo Medics TrueOne 2400. The VO2 Master Analyzer underestimated energy expenditure by 0.38 kcal/min and VO2 by 1.44 ml/kg/min. These findings provide exercise physiologists and the field of exercise physiology with further information on VO2 and EE regarding the accuracy of the VO2 Master Analyzer at low intensity exercise.   
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ABSTRACT

[bookmark: _Hlk155984375][bookmark: _Hlk188607767][bookmark: _Hlk188520383]Chatzopoulos D, Kanakari P, Mouchou-Moutzouridou E, Drakou A, Glinia E, Symeonidis M, Lykesas G. Effects of Static Stretching, Dynamic Stretching, and Dance Warm-Up on Force Sense, Agility, and Attractiveness in Primary School Students. JEPonline 2024;28(1):44-55. This study examined the effects of a Dance Warm-Up (DW), a Static Stretching Warm-Up (SSW), and a Dynamic Stretching Warm-Up (DSW) on force sense, jumping performance, agility, and attractiveness of the warm-up protocols in primary school students. The participants were 26 female primary school students (age 8.54 ± 0.5 years). The SSW consisted of jogging, static stretching, and task specific practice. The DSW followed the same protocol as the SSW, except that static stretching was replaced by dynamic stretching. The dance warm-up included dance activities that mimicked dynamic exercises and task specific practice. There were no significant differences between the protocols in relation to jumping performance, force sense, and agility. However, the DW was more attractive than the SSW and DSW. The non-significant findings in relation to physical performance may be attributed to post-activation potentiation induced by the task-specific activities included in the warm-up protocols. The attractiveness of warm-ups is essential for enhancing children's interest and participation in physical education lessons. Therefore, physical education teachers and trainers should take the appeal of activities into account when planning warm-up protocols. A warm-up with dance activities could be an engaging alternative to traditional warm-up protocols.
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INTRODUCTION



A warm-up protocol is a standard practice at the beginning of Physical Education classes and training sessions to prevent injuries and enhance performance. One of the key components of a warm-up is stretching. There are 2 types of stretching exercises: Static Stretching (SS) and Dynamic Stretching (DS). In SS the athlete holds the muscle in a lengthened position for a prescribed period of time (10 to 15 sec); whereas, DS involves the repetition of a movement through the full range of motion several times in a controlled manner without a held end position (20).



Recent studies revealed that static stretching utilized in warm-up protocols impairs strength, speed, and jumping performance (3,11). On the other hand, many studies using DS reported better strength and agility performance compared to static stretching, and suggest that instead of SS, athletes should perform dynamic stretching (21). These findings led professionals and practitioners increasingly to replace SS with dynamic stretching as the primary flexibility component of the warm-up (16,26). However, the shift in public perception and athletic practice is concerning, as it likely stems from research with limited ecological validity for real-world athletic contexts. Specifically, many of the static stretching research protocols lasted longer than 60 sec, which is uncommon in a typical warm-up (except for athletes whose sports place high demands on range of motion) (31).



[bookmark: _Hlk186455077]Besides the excessive durations of static stretching, many studies have raised concerns about ecological validity. A typical warm-up protocol consists of 3 components: (a) low intensity aerobic activity, such as jogging; (b) stretching exercises; and (c) sport specific activities (29). However, the warm-up protocols in many related studies have included only the first 2 warm-up components: aerobic activity and static/dynamic stretching (19,32). They did not include the final part of a warm-up protocol with sport-specific activities. A few studies that incorporated sport-specific activities following static stretching reported performance improvements in sprinting (24) and explosive force (33). This suggests that adding sport-specific activities after static stretching may help offset the performance declines typically associated after static stretching (29). Consequently, examining the effects of a complete warm-up on children’s performance would be a valuable area of research.



Force sense refers to the ability to precisely reproduce a specific force during voluntary muscle contraction (12). This skill enables individuals to estimate the magnitude of force required to successfully complete a particular task. The primary receptors responsible for transmitting information regarding force sense are the Golgi tendon organs, which are located at the ends of muscle fibers. Given that static stretching influences muscle spindle fibers (15), it is reasonable to hypothesize that static stretching may also impair the sensitivity of the Golgi tendon organs, and the accuracy of the sensory information related to force sense (27). 



Although the importance of force sense in sports activities is indisputable, few studies have investigated the effects of warm-up routines on force sense, and the results remain inconclusive (8). For instance, Torres et al. (30), in a study involving adult males (22.1 ± 2.7 years), reported no significant difference in force sense between participants who performed static stretching of the dominant quadriceps muscle for 5 min and those in a control group who remained seated for an equal duration. In contrast, Smajla et al. (28), with a sample of adults (8 females, 9 males, mean age = 23.5 ± 1.9 years), found a decrease in force sense following 2.5 min of static stretching targeting the gastrocnemius, soleus, and tibialis anterior muscles. The conflicting results underscore the need for further research on the impact of SS on force sense.



An important overlooked aspect of warm-up routines is how appealing they are to young children. The attractiveness of the exercises significantly influences children's interest in participating in the training/lesson. Most studies examining the effects of warm-up routines on various dependent variables (e.g., strength, range of motion, and vertical jump) incorporate warm-up activities that children often find unengaging or monotonous. For example, children are not particularly fond of jogging lightly or performing stretches (whether static or dynamic). 



In contrast, dance is a favorite activity among children, and Lykesas et al. (18) reported that a warm-up involving Greek traditional dances, compared to a warm-up with static stretches, produced better results in terms of agility. Moreover, children are not disciplined professional athletes focused solely on improving their performance. After sitting at a desk for several hours, they want to engage in physical activities that are fun, not just training. Therefore, a primary goal of the present study was to examine the appeal of different warm-up protocols (SS, DS, and dance) among young children. 



Based on the above, the purpose of the present study was to compare the effects of 2 warm-up protocols (SSW and DSW), and a dance warm-up, on force sense, jump, agility, and attractiveness of the warm-up protocols in primary school students.



METHODS



Participants

[bookmark: _Hlk153910265]Twenty-six young female primary school students (age 8.54 ± 0.5 years) volunteered to participate in this study. The inclusion criteria were: (a) no history of orthopedic disorders or pain in the spine or upper/lower limb muscles within the past 6 months; and (b) being physically active without engaging in competitive sports. The exclusion criteria were: (a) failure to attend the familiarization and intervention session; and (b) inability to correctly perform the tests. The research adhered to the ethical guidelines of the local university and complied with the latest version of the Declaration of Helsinki. Informed consent was obtained from both the participants and their guardians, with the assurance that they could withdraw from the study at any time.



Procedures

Before data collection, the participants attended one orientation session, in which they were familiarized with the stretching procedures and the performance measures. Additionally, in a separate session, they were familiarized with the dance steps of the dance warm-up protocol. All the participants completed 3 protocols in a counterbalanced randomized order. Following each protocol, the participants rested for 1 to 2 min before performing the test measures (Figure 1). All the study procedures took place between 10:00 and 12:00.
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Figure 1. Schematic Representation of the Study Design.



Static Stretching Warm-Up

The Static Stretching Warm-Up (SSW) began with 3 min jogging at a self-selected moderate intensity. The participants then performed the following static stretching exercises:

· [bookmark: _Hlk188526007][bookmark: _Hlk188606850]The Quadriceps Stretch. While in the standing position, the participants bent one knee and brought their heel toward the buttocks, holding the foot with one hand.

· [bookmark: _Hlk188526043]The Hamstring Stretch. The participants performed the modified hurdles stretch. 

· [bookmark: _Hlk188526093]The Iliopsoas Stretch. Standing with the feet hip-width apart, the participants stepped forward into a lunge position.



Each stretch was held for 30 sec at a point of mild discomfort, followed by a 10-sec interval to allow the participants to switch positions before stretching the contralateral muscle group. The total duration of the static stretching was 3 min (± 1 min). Upon completing the stretching exercises, the children performed 3 practice trials of the change-of-direction speed test and 2 trials of the standing long jump test, with increased intensity (29,34). A minimum of 30 sec recovery separated the trials. This warm-up protocol was designed to include the 3 key components commonly used before engaging in vigorous exercises or sports: (a) aerobic activity; (b) stretching; and (c) rehearsal of the specific activity to be performed. The Static Stretching Warm-Up (SSW) took approximately 8 to 10 min to complete.



Dynamic Stretching Warm-Up

The Dynamic Stretching Warm-Up (DSW) followed the same protocol as the SSW, except that static stretching was replaced by dynamic stretching. The exercises of the DS protocol targeted the same muscle groups as those in the SSW protocol: 

· [bookmark: _Hlk188526144]The Quadriceps Stretch (butt kick). The participant contracted the hamstrings and flexed the knee so that the heel touched the buttock. 

· The Hamstring Stretch (straight-leg march, Frankestein walk). While walking with alternating arms extended in front of the body, the participant raised the opposite leg towards the hand. 

· [bookmark: _Hlk188526204]The Iliopsoas Stretch (lunge walks). The participant lunged forward with alternating legs while keeping torso vertical.



Each exercise was performed 5 times slowly, followed by 10 repetitions at a faster pace, while maintaining control and avoiding bouncing. A 15-sec rest period was taken between exercises, which was consistent with the SSW protocol. The total duration of dynamic stretching was 3 min. Like the SSW, after completing the stretching exercises, the children performed 3 practice trials of the change-of-direction speed test and 2 trials of the standing long jump test with increased intensity (rest period 30 to 60 sec). The entire DSW protocol took approximately 8 to 10 min to complete.



Dance Warm-Up Protocol

The Dance Warm-Up (DW) Protocol was led by an experienced physical education teacher and aerobic dance instructor. Initially, the children engaged in 3 min of aerobic dance activities, performed to music set at 125 to 130 beats per minute (BPM) (17). Subsequently, the music tempo increased to 140 to 145 BPM, and the children executed dance activities designed to mimic the dynamic stretching exercises of the DSW. These included the quadriceps stretch (e.g., “Leg Curl,” “Curl Lift,” and butt kicks), the hamstring stretch (straight-leg lifts), and the iliopsoas stretch (forward/backward lunges).



The dance activities incorporated various steps such as marching in place or around the room, double step touch, grapevine, V-step, 123 lift, step box, A-step, step touch, and step kick. These steps are easy for children to follow and can be effortlessly combined into a fun aerobic routine that encourages physical activity in an engaging and enjoyable way (7). 



Very similar to the other 2 warm-ups, the DSW concluded with the children performing 3 practice trials of the change-of-direction speed test and 2 trials of the standing long jump test, both at increased intensity, with 30 to 60 sec of rest between the trials. The entire DSW protocol was completed in approximately 8 to 10 min.



Measures

[bookmark: _Hlk188526811]After completing each warm-up protocol, the children were given a 1- to 2-min break before performing the long jump test, the force sense test, and the change of direction test (Agility). The order of testing was consistent to ensure similar rest periods for each participant between the measurements. Furthermore, the long jump and force sense test results could be affected by the possibility of fatigue associated with the repeated performance of the change of direction test (2). The children were allowed 2 attempts per test, with their best performance recorded for analysis. A minimum recovery period of 60 sec was maintained between the trials. The tests were conducted by trained post-graduate students blinded to the treatments. 



Standing Long Jump and Force Sense Test

Lower body explosive strength was assessed using the standing long jump (SLJ) test (6). Measurements were conducted in an indoor, non-slippery sports facility. Each participant performed the test 2 times, and the best score was recorded (cm).

The force sense test evaluated the participants' ability to land with the back of the heels on the target line, set at 50% of their best long jump distance. Closer landings to the target line indicated better force sense performance. Data analysis was based on the mean of the 3 absolute differences between the target line and the actual landing position. Test-retest reliability was assessed using the test-retest method with a group of 11 children. The participants were retested 1 week after the initial test, and the intraclass correlation coefficient (ICC) indicated satisfactory reliability (ICC = 0.70). The participants in the reliability measurements were not included in the main study.



Agility Test: Change-of-Direction Speed

Change-of-direction speed was evaluated using the “505 Agility Test” (32). The test setup involved placing 3 cones at 0 m, 5 m, and 10 m. The participants began sprinting from the 0 m cone (line), with timing initiated as they passed the 5 m cone (line). Upon reaching the 10 m cone (line), they executed a 180° turn and sprinted back toward the 5 m cone (line), where the timer was stopped. Each participant completed 1 practice attempt followed by 2 trials, with a 2-min break between the trials. The best score of the 2 trials was recorded (sec).



Attractiveness of the Warm-Up Protocols

The attractiveness of the warm-up protocols was evaluated using 3 questions: (a) "How much did you like the warm-up with static stretching?" (b) "How much did you like the warm-up with dynamic stretching?" and (c) "How much did you like the dance warm-up?" The participants responded using a Likert Scale ranging from “very much” (5) to “not at all” (1).



Statistical Analyses



To investigate the differences among the 3 protocols, the data were analyzed using a one-way Analysis of Variance (ANOVA) with repeated measures. Post hoc analyses were conducted using Sidak pairwise comparisons. Effect sizes for ANOVA are presented as partial eta square values (ηp2). All statistical analyses were carried out employing SPSS (version 28). Statistical significance was set at an alpha level of P ≤ 0.05.



RESULTS

Means and standard deviations of the variables are presented in Table 1.



Table 1. Descriptive Data of the Dependent Variables (M ± SD).

		

		Dance

		Static Stretching

		Dynamic Stretching



		Long Jump (cm)

		   127 ± 14.78

		126.46 ± 16.38

		129.62 ± 17.03



		Force Sense (cm)

		2.92 ± 1.54

		    3.5 ± 1.71

		  3.44 ± 1.82



		Agility (sec)

		   4.08 ± .44

		4.12 ± .45

		4.06 ± .48



		Attractiveness

		   4.07 ± .62*

		3.69 ± .67

		3.38 ± .49





  Abbreviations: *Significant difference between dance and static stretching and dynamic stretching 

  (P < 0.05). 



Repeated measures ANOVA revealed no significant differences among the 3 warm-up protocols for the standing long jump (F = 2.34, P =.106, ηp2 = .086), force sense (F = .91, P = .40, ηp2 = .035), and agility (F = 2.62, P = .08, ηp2 = .095). However, a significant difference was observed in the attractiveness of the warm-up protocols (F = 11.96, P < 0.001, ηp2 = .32). Sidak revealed that the DW was significantly more attractive than both the DSW (P = 0.028) and the SSW protocol (P = 0.001). There was no significant difference in attractiveness between DSW and SSW (P = 0.124). 



DISCUSSION



[bookmark: _Hlk186756435]The purpose of this study was to evaluate the impact of different warm-up protocols that included static stretching (SSW), dynamic stretching (DSW), and dance warm-up (DW) on force sense, jump, and the perceived attractiveness of the protocols among young children. The statistical findings indicate there were no significant differences among the 3 warm-up protocols in terms of force sense, agility, and standing long jump performance. However, the dance warm-up was perceived as more enjoyable than the SSW and DSW.



Force Sense

[bookmark: _Hlk188533220]Evidence suggests that static stretching increases the compliance of the muscle-tendon unit (Cramer et al., 2007) and influences the neural activation of the Golgi tendon organs (Trajano et al., 2017). Since the Golgi tendon organs are the main force sense receptors, it was hypothesized that static stretching might increase errors in force sense due to these neural alterations (27). However, the findings of the present study revealed no significant differences among the 3 warm-up protocols. 



The findings of the present study are in agreement with those of Chatzopoulos et al. (8) and Torres et al. (30). One possible explanation is that force sense is not exclusively dependent on peripheral input, such as signals from the Golgi tendon organs. Instead, force sense is believed to originate from processes within the central sensory area, indicating that peripheral input to force sense is always reafferent in nature (22). Consequently, the central processes may compensate the altered signals arising from the Golgi tendon organs due to stretching (signals from periphery) and generate the appropriate force sense (Trajano et al., 2017). 



In contrast, Smajla et al. (28), using a sample of adults with mean age of 23.5 ± 1.9 years reported a reduction in force sense after 2.5 min of SSW. The difference between the research of Smajla et al. (28) and ours lies in the duration of the static stretching. While in the present study a stretch duration of 30 sec was applied, in the research by Smajla et al. (28), the duration was 2.5 min. Perhaps such prolonged static stretching (2.5 min) induces changes in the musculotendinous unit and impairments in neural output that cannot be compensated by the central nervous processes. Apparently, more research is needed to clarify this point.  



Long Jump and Agility

In the present study, no significant differences were observed between SSW and DSW in relation to the long jump and agility. However, numerous previous studies reported better performance in long jump and agility following DSW compared to SSW (13,19). For example, Duncan and Woodfield (13) reported better performance in children (10.75 ± 0.4 years) after DSW compared to SSW. Similar improvements in long jump performance were reported by Merino-Marban et al. (19), while van Gelder and Bartz (32) and Faigenbaum et al. (14) observed enhancements in agility after DSW.



The difference between the studies just mentioned and the present study is that none of them applied a typical warm-up protocol, which includes 3 components: (a) low-intensity aerobic exercises, such as jogging; (b) stretching exercises; and (c) sport-specific drills. However, in most of these studies, the participants performed the long jump or agility tests immediately after the static stretching activities that is uncommon in athletic settings (13,19). In a comprehensive warm-up protocol, athletes typically perform sport-specific or task-specific rehearsals following stretching (whether static and/or dynamic). Therefore, these studies lack ecological validity.



Recent studies have shown that when short duration of static stretching (≤ 30 sec) is employed within a typical warm-up, the effects on performance are neutral or even positive (4). Blazevich et al. (5) reported that a comprehensive warm-up incorporating a 3 min jog and a short-duration of static stretching followed by test-specific practice does not impact jumping or change-of-direction performance. Moreover, Reid et al. (23) showed an increase in jump performance after a complete warm-up with static stretching. The inclusion of static stretching within a complete warm-up appears to either have no negative impact on performance or may even enhance it (4). The practice of test activities after static stretching may influence the activation of neural pathways, enhance motor unit engagement, and consequently contribute to improved explosive performance. Additional research is required to enhance an understanding of warm-up protocols for optimizing performance.



[bookmark: _Hlk186805443]Another notable finding of the present study was that the dance warm-up protocol showed no difference in physical performance compared to SSW and DSW. The lack of significant differences among the 3 protocols may be explained by the phenomenon of post-activation potentiation (PAP) that refers to the enhancement of muscle performance following a moderate- to high-intensity conditioning activity (9,25). In the present study, the final component of each warm-up protocol incorporated task-specific activities performed at moderate- to high-intensity. These activities may have elicited the PAP-related responses, potentially contributing to the non-significant differences observed across the protocols.



Attractiveness of the Warm-Up Protocols

An overlooked area of warm-up research is how appealing the protocols are to young children. Unlike disciplined professional athletes who are primarily focused on optimizing performance, elementary school children seek fun and enjoyment during physical education lessons, particularly after sitting long hours at a desk (1). According to the present findings, the dance warm-up was the most appealing to the children, followed by DSW, with SSW being the least appealing. The attractiveness of physical activities significantly influences children's participation in physical education lessons and training (10). The dance warm-up not only matches the effectiveness of traditional warm-up routines (such as SSW or DSW), but is also more engaging. Thus, the dance warm-up could serve as an appealing alternative to the traditional warm-up routines. Since this is the first study to investigate the appeal and performance effects of warm-up routines among young children, further research is needed to shed more light on this topic.



Limitations in this Study



The main limitation of this study is its focus on female students, given that girls are particularly interested in dance activities. Therefore, the results cannot be generalized to boys. Another limitation is the young age of the participants and their limited attention span. Despite being instructed to give their best effort during the tests, it was not possible to determine whether they truly exerted maximum effort.



CONCLUSIONS



[bookmark: _Hlk186756936]The DW of the present study appears to be equally effective as the SSW and the DSW regarding force sense, jumping, and agility (i.e., rapid changes in running direction). However, the DW was more appealing to young children compared to the traditional warm-up routines. The appeal of physical activities plays a crucial role in increasing children's interest and participation in physical education lessons and training. Therefore, physical education teachers and trainers should consider the attractiveness of the activities when planning warm-ups, and dance warm-up could serve as a suitable alternative to commonly used warm-up routines.
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ABSTRACT

Cox J, Chism K, Pritchett L, Ward C, Barker B, Greganti J, Killingsworth D, Robbins DE, Bickel CS, Washmuth NB. Efficacy of Daily One-Repetition Maximum Bench Press Training in Physically Active Males and Females. JEPonline 2025;28 (1):1-10. This study evaluated the efficacy of daily one-repetition maximum (1RM) bench press training on maximal strength development. Using a case series design, 7 physically active individuals (3 males, 4 females) performed bench press training for 34 consecutive days. Each session involved determining their 1RM, followed by 5 volume sets of either 3 repetitions at 85% or 2 repetitions at 90% of that day’s 1RM. As a taper, on day 35 the participants completed 5 sets of 1 repetition of 90-100% of their first day’s 1RM, with days 36 and 37 designated as rest days. The program concluded with a final 1RM attempt on day 38. All participants experienced significant gains in bench press 1RM, with an average absolute increase of +40.71 lbs (+29.23%) from day 1 to peak 1RM (greatest 1RM during the protocol). The males achieved a greater average absolute increase (+50 lbs) compared to the females (+33.75 lbs), although the relative improvements were comparable (males: +29.43%, females: +29.03%). Strong correlations between time (days) and 1RM bench press performance were observed (average r value 0.79) across all the participants. The findings suggest that daily 1RM bench press training is an effective and time-efficient method for significantly enhancing maximal strength in physically active males and females.  


Key Words: Bench Press, 1-Rep Maximum, Training Protocol


INTRODUCTION

Strength training and powerlifting, like any athletic discipline, require continuous innovation and the application of current evidence to optimize performance. Zourdos et al. (16) demonstrated that performing daily one-repetition maximum (1RM) training for 37 days led to significant improvements in the back squat lift for 3 competitive strength athletes, with an average 1RM increase of 8.72%. Given that powerlifting competitions focus solely on 1RM performances, it has been suggested that frequent training of specific lifts at a high percentage of 1RM is beneficial (6,14), aligning with the principle of specificity (4).   


While daily 1RM training appears to benefit competitive athletes, less is known about the potential strength gains for physically active, non-competitive lifters. Physically active individuals, who participate in at least 2 weekly resistance training sessions but do not train competitively, have also demonstrated significant improvements when following structured strength training protocols. Progressive resistance training leads to strength increases among recreational lifters, suggesting that when non-competitive individuals follow programs with sufficient volume and progressive overload, they can achieve substantial improvements in strength (15). Past research has also explored gender differences in response to resistance training protocols. Although males typically demonstrate greater absolute strength gains due to the differences in baseline muscle mass and hormonal factors, relative strength gains (percentage improvements) are often comparable between males and females, highlighting that well-designed protocols can yield a similar relative strength increase across genders (11,13).


Despite the promising results of daily 1RM training for the back squat, as reported by Zourdos et al. (16), several key variables remain unexplored. It is unclear whether this intensive training protocol is effective for physically active, non-competitive individuals.  Furthermore, the effectiveness of daily 1RM training for improving bench press performance has not yet been investigated. Therefore, the purpose of this study was to examine the efficacy of daily 1RM and volume training, based on Zourdos et al.’s (16) protocol on the bench press in physically active males and females. It was hypothesized that: (a) daily strength (1RM) will fluctuate; (b) bench press 1RM will increase and be positively correlated with the number of days over the course of the protocol; and (c) the percentage improvements in bench press 1RM will be comparable between males and females. 


METHODS

Participants

Each year the Samford University’s Physical Therapy Department hosts an unsanctioned bench press competition as part of an Exercise Physiology course. In preparation for this event, 7 students (3 males, 4 females) from the course attempted to complete a daily 1RM training protocol. Descriptive characteristics of the individual participants can be found in Table 1.  


Table 1.  Descriptive Characteristics of the Participants.


		

		Participant 1

		Participant 2

		Participant 3

		Participant 4

		Participant


5

		Participant


6

		Participant


7





		Age (yrs)

		23

		21

		22

		21

		25

		23

		22



		Bench Press Training Experience

		1-2x/week for 2 years

		1x/week for 4 years

		1x/week for 2 years

		1x/week for 4 years

		1-2x/week for 1.5 years

		1-2x/week for 7 years

		2-3x/week for 8 years



		Previous All-Time Bench Press Personal Record (lbs)

		155

		Never attempted 1RM prior to this protocol

		Never attempted 1RM prior to this protocol

		115

		180

		145

		305





Procedures


Daily One-Repetition (1RM) Maximum Training Protocol


The 7 participants followed a daily 1RM training protocol based on the methodology of Zourdos et al. (16).  For 34 consecutive days, each participant performed the bench press, starting with finding their 1RM, followed by 5 volume sets. The volume sets alternated between 2 strategies: (a) 5 sets of 3 repetitions at 85% of the daily 1RM; or (b) 5 sets of 2 repetitions at 90% of the daily 1RM. Each participant had the freedom to choose which volume set strategy to follow each day.  


As part of the taper, the participants performed 5 sets of 1 repetition of 90 to 100% of their first day’s 1RM on day 35. Days 36 and 37 were designated as rest days, culminating in the final 1RM day on day 38. All the participants completed the 1RM training protocol in public fitness centers, self-reporting their daily performance throughout the training period. The training protocol was aligned with Samford University’s bench press competition, so that day 38 coincided with the competition, which took place in the Exercise Physiology Laboratory at Samford University.  


In addition to the training protocol and in alignment with Zourdos et al.’s (16) protocol, the participants consumed 5 g creatine monohydrate and 200 to 360 mg caffeine approximately 30 minutes before each training session. After each session, they consumed another 5 g creatine monohydrate along with at least 20 g of protein.  


Statistical Analyses


Absolute and percentage change in bench press 1RM were calculated from day-1 to peak 1RM. Additionally, the daily 1RMs were divided into quartiles based on the days. Since the participants attempted a daily 1RM over 35 days, each quartile included 8 to 9 days (i.e., quartile-1: Q1, days 1-9; quartile-2: Q2, days 10-18; quartile-3: Q3, days 19-27; and quartile-4: Q4, days 28-34 and 38). An average 1RM was calculated for each quartile to examine progressive strength trends. A linear regression analysis using the correlation coefficient was performed to examine relationships between time (days) and 1RM.


RESULTS


All the data are available at: https://observablehq.com/@sam-hai/1rm-all


One-Repetition Maximum (1RM) Bench Press


Table 2 displays the day-1, day-38, and peak 1RMs for each participant; percent change for day-1 and peak 1RM; and r values for days and 1RM over the 38-day protocol. The participants gained an average of 40.71 lbs on their bench press 1RM (+29.23%) from day-1 to peak 1RM.  The following changes were seen from day-1 to peak: 


P1 = +35 lbs / +25.93%


P2 = +25 lbs / +22.72%


P3 = +30 lbs / +28.57%


P4 = +45 lbs / +39.13%


P5 = +70 lbs / +41.18%


P6 = +45 lbs / +33.33%


P7 = +35 lbs / +13.73%


Table 2.  Bench Press 1RMs, Percentage Change from Day-1 to Peak 1RM, and Correlations between Time (Days) and Daily 1RM.

		

		    

		Bench Press 1RM (lbs)

                 

		% change

		r value



		

		

		Day-1

		Day-38

		Peak (Day Established)




		Day-1 to Peak

		All 1RM Sessions



		Females

		Participant 1

		135

		155

		170 (32)

		25.93%

		0.92



		

		Participant 2

		110

		135

		135 (30)

		22.73%

		0.87



		

		Participant 3

		105

		135

		135 (28)

		28.57%

		0.85



		

		Participant 4

		115

		155

		160 (34)

		39.13%

		0.77



		Female Averages

		116.25

		145

		150(31)

		29.03%

		0.85





		

		Participant 5

		170

		220

		240 (34)

		41.18%

		0.87



		Males

		Participant 6

		135

		175

		180 (29)

		33.33%

		0.73



		

		Participant 7

		255

		285

		290 (29)

		13.73%

		0.53



		Male Averages

		186.67

		226.67

		236.67(30.67)

		29.41%

		0.71





		OVERALL AVERAGES

		146.43

		180

		187.14(30.86)

		29.23%

		0.79







Abbreviations: 1RM = One-Repetition Maximum

All 7 of the participants peaked before day-38 of the protocol. Additionally, each participant experienced a decline in bench press 1RM from a previous daily 1RM at some point throughout the protocol (Figure 1).  The mean 1RMs during each quartile for each participant can be seen in Table 3.  


Table 3.  Average 1RM During Each Quartile and Average Change in Average 1RM from Q1 to Q4.    


		

		Q1

		Q2

		Q3

		Q4

		% Change Q1-Q4



		Participant 1

		139.38

		146.67

		156.25

		160.83

		15.39%



		Participant 2

		111.88

		109.38

		115.28

		129.29

		15.56%



		Participant 3

		111.67

		117.5

		126.67

		131.88

		18.10%



		Participant 4

		121.43

		124.38

		142.5

		145.63

		19.93%



		 Mean Female

		121.09

		124.48

		135.18

		141.91

		17.25%



		Participant 5

		194.44

		198.33

		211.11

		223.57

		15.00%



		Participant 6

		146.67

		156.11

		168.89

		177.14

		20.77%



		Participant 7

		255.0

		261.88

		274.29

		272.14

		6.72%



		 Mean 

 Male

		198.70

		205.44

		218.10

		224.28

		12.88%





Q1 = Quartile 1, days 1-9; Q2 = Quartile 2, days 10-18; Q3 = Quartile 3, days 19-27; Q4 = Quartile 4, days 28-34, 38; 1RM = One-repetition maximum; Mean = Average of all 4 participants. 
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Figure 1. Daily Bench Press 1RM for Each Day of the Protocol in the Four Female Participants.  Orange = Participant 1; Red = Participant 2; Blue = Participant 3; Green = Participant 4.
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Figure 2. Daily Bench Press RM for Each Day of the Protocol in the Three Male Participants. Blue = Participant 5; Orange = Participant 6; Green = Participant 7.

DISCUSSION


The primary purpose of this study was to examine the effects of a daily 1RM bench press training followed by volume sets, performed over 38 days on bench press 1RM in 7 physically active males and females. The main finding was that all 7 participants exhibited significant positive correlations between time (days) and their 1RM. The percentage increases in 1RM from day-1 to their peak were as follows: P1 = +25.93%, P2 = +22.72%, P3 = +28.57%, P4 = +39.13%, P5 = +41.18%, P6 = +33.33%, and P7 = +13.73%. These results support our hypotheses that the daily 1RM training protocol significantly increases bench press 1RM with 1RM gains positively correlating with the number of training days. Additionally, bench press 1RM values fluctuated throughout the 38-day protocol. These results reinforce the notion that highly specific training can produce substantial strength gains (6,16).  


While Zourdos et al. (16) demonstrated the effectiveness of the protocol in well-trained, competitive male powerlifters, this study is the first to our knowledge to investigate the efficacy of daily 1RM and volume training in physically active, non-competitive males and females. Although the daily 1RM protocol led to improvements in strength in all 7 participants, other factors may explain the observed strength increases. Significant gains in strength are common in novice or non-competitive lifters due to neuromuscular adaptations from specific training (2,5). Therefore, the participants’ relatively low training age might explain the substantial improvements in the bench press 1RM, rather than the daily 1RM protocol alone.  Additionally, the participants’ consumption of supplements could have also contributed to their strength improvements. Each participant consumed 175 mg to 350 mg of caffeine (via ½ to 1 full scoop of Total War® pre-workout), 10 g creatine monohydrate daily, and 20+ g of protein post-workout. Notably, only one of the participants had previously used pre-workout or creatine supplements. It is well established that multi-ingredient pre-workout supplements (3), particularly caffeine (8,12), enhance various aspects of exercise performance, including muscular strength. Research on creatine supplementation in females shows mixed results, with some studies demonstrating improved muscular performance (1), while other studies report no significant increase in strength (10).  


All 7 participants experienced periods of decline in their 1RM throughout the program, which was expected given the physically demanding nature of the protocol. Each participant reported substantial fatigue, and 3 participants experienced pain that hindered their ability to complete some training sessions. Specifically, participant 1 developed shoulder pain, which led to the missing of 1 training session and the omission of volume sets in 2 additional sessions. Participant 2 experienced pain in the triceps, preventing her from completing the volume sets in 1 training session. Participant 7 reported shoulder pain, preventing him from completing volume sets during 1 training session. In addition to the pain-related missed sessions, all the participants missed sessions due to travel or time constraints. The total number of missed sessions and adherence rates for the participants are shown in Table 4. 


Table 4.  Summary of Missed Session and Adherence Rates.

		

		Missed Days

		Adherence Rate (%)



		Participant 1

		7

		82



		Participant 2

		3

		92



		Participant 3

		1

		97



		Participant 4

		4

		89



		Participant 5

		4

		89



		Participant 6

		3

		92



		Participant 7

		3

		92



		Averages

		4



		90





To compare the male and female participants, the average absolute increases in bench press 1RM and the average percentage increases were calculated. Additionally, 1RMs were divided into quartiles, and the average for each quartile was calculated to examine progressive strength trends. While there was a notable difference in the average absolute increases in bench press 1RM between males (+50 lbs) and females (+33.75 lbs), the relative strength gains (percentage improvements) were similar (males: +29.43%, females: +29.03%). This is consistent with previous research suggesting that well-designed training protocols can produce similar relative strength gains across genders (11,13). However, females demonstrated a higher relative change in strength when comparing quartiles 1 to 4 (males: +12.88%, females: +17.25%), which may indicate a more consistent progressive trend in strength gains for females. 


Limitations

While this 7-participant case series cannot establish cause-and-effect relationships, every participant demonstrated significant increases in bench press 1RM following the daily 1RM training protocol. However, several limitations should be noted. First, the inclusion of creatine monohydrate and pre-workout (caffeine) supplementation may have contributed to the observed strength gains. The effectiveness of this daily 1RM training protocol without these supplements remains unknown. Second, although the participants were physically active, they had not previously followed a strength training program specifically designed to improve bench press 1RM. Their prior resistance training focused on general health and wellness. As novice lifters, their neuromuscular adaptations to specific training may explain some of the observed strength gains (2,5). Third, both the researchers and the participants were aware of the study’s purpose, treatment, and the expected outcomes, which may have introduced bias.   Additionally, the results of this small case series cannot be generalized to other populations.  Further research with a larger sample size is needed to determine the broader efficacy of this protocol. Future studies should compare the effectiveness of daily 1RM training to other proven training methods and explore its potential integration into longer training cycles.  


CONCLUSIONS


The 38-day daily 1RM and volume bench press training protocol led to significant increases in 1RM in all 7 participants (P1: +35 lbs / +25.93%, P2: +25 lbs / +22.72%, P3: +30 lbs / +28.57%, P4: +45 lbs / +39.13%, P5: +70 lbs / +41.18%, P6: +45 lbs / +33.33%, P7: +35 lbs / +13.73%). Despite the positive results, 3 participants missed training sessions due to pain and all the participants missed training due to travel or time constraints. Given the demanding nature of this training protocol, caution should be used when implementing it. Many questions remain regarding the optimal length of the training protocol, how it compares to other proven training methods, and how it can be integrated into longer training cycles.  
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Obesity’s Effects on Predicted Maximal Fat Oxidation from 6-Minute Walk Test and Exercise Intensity at Maximal Fat Oxidation among Sedentary Female Thai Adults
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ABSTRACT

Sespeng A, Tong-un T, Nonsa-Ard R, Aneknan P, Tunkamnerdthai O, Leelayuwat N. Obesity’s Effects on Predicted Maximal Fat Oxidation from 6-Minute Walk Test and Exercise Intensity at Maximal Fat Oxidation among Sedentary Female Thai Adults. JEPonline 2025(28):11-26. The purpose of this study was to develop a more practical assessment by creating an equation to predict maximal fat oxidation (MFO) from a 6-Minute Walk Test (6-MWT) and associated variables among sedentary female Thai adults. The participants were divided into 2 Groups (n = 52 in each Group): (a) the Normal-Weight Group (NWG); and (b) the Overweight/Obese Group (OBG). All participants performed 3 exercise tests: 1) the 6-MWT; 2) a test for measurement of maximal work rate and peak oxygen consumption rate; and 3) a submaximal exercise test. In the NWG, stepwise regression analyses revealed that combining a 6-minute walking distance (6-MWD) with age, resting heart rate, and hip circumference improved the predictability of the equation (P < 0.01). These findings show that the 6-MWT can predict MFO in normal-weight female Thai adults, but this prediction is not valid for obese individuals. Future studies should seek to verify the equation to predict MFO in women with normal weight.

Key words: Fat Utilization, Heart Rate, Walk Distance

INTRODUCTION


According to the World Health Organization report in 2022, the prevalence of obesity increased worldwide to more than 890 million (41). Obesity disturbs many body systems, leading to high morbidity and mortality (1,32). A clear phenomenon showing its detrimental effect is impaired fat oxidation (FAO) in skeletal muscles (20), resulting in decreased endurance performance (35). Maximal fat oxidation (MFO) has been used to determine endurance performance (30) because it is highly correlated with cardiovascular and respiratory capacities (8). As an indicator of endurance performance, the MFO has been used in many clinical studies to evaluate the treatment for obesity (11,15,36,37). 

The gold standard method for assessing an individual’s MFO is a graded exercise protocol on a treadmill or cycle ergometer (indirect calorimetry) (5). Before this test, a direct measurement of the maximal aerobic capacity is required to set the exercise intensity during the graded exercise protocol (5). These protocols include sophisticated protocols and expensive equipment (such as gas analyzers, cycle ergometers, and treadmills), as well as trained personnel and laboratory rooms.


A 6-Minute Walk Test (6-MWT) was originally used to measure the functional capacity of patients with respiratory disease (10). It has a standard guideline (6) with high validity and reliability. Moreover, the procedure is a simple 6-minute activity that requires minimal equipment (such as stopwatches, cones, and chairs), and it has no substantial impact on weight bearing. A decade ago, the 6-MWT was used to predict MFO by creating an equation based on its correlation with related variables such as age, anthropometry, and hemodynamics in obese Tunisian children (23). According to the study, the equation may be found in older populations because of the relationship between MFO and age. Another reason for using the 6-MWT to predict MFO is that both involve exercise at the same intensity, which is moderate-to-high intensity in middle-aged and older Western adults (25,33). However, our previous study in young adult Thai individuals demonstrated that MFO is at a low intensity (FATmax) (19). Additionally, age and obesity have been shown to influence MFO (14,28). Therefore, age, obesity, and ethnicity may differ in the equation predicting MFO from the 6-MWT proposed by this study compared with that in the Tunisian study (23). However, no previous studies have reported using the 6-MWT to predict MFO in female adults with normal weight or obesity.


Exercise intensity is one of the important determinants of MFO (2). A review article reported that exercise at the intensity of MFO (FATmax) in the short and medium term (2 to 8 weeks) decreased body weight and fat and increased exercise endurance in obese sedentary individuals (12). Hence, knowledge of FATmax in weight reduction and physical performance greatly impacts health promotion and, yet the evidence of FATmax is still controversial. This variability may be attributed to many factors such as ethnicity, fitness status, age, and mode of the exercise test. For example, a previous study showed the FATmax was 47% and 52%VO2peak in a large sample of the general Western population and between 59% and 64%VO2peak in trained individuals (3). VO2peak, directly reflective of VO2max, is the highest value of oxygen consumption rate measured during an incremental exercise. After adjusting for risk factors, VO2peak is one of the best predictors of cardiovascular (21) and overall mortality (22) in adults. Moreover, FATmax was 64%VO2max in moderately trained cyclists (2). Furthermore, non-athlete Iranian participants had FATmax at 75%VO2max (38). To our knowledge, no study has previously investigated FATmax in sedentary Thai females 30 to 60 years old.


The primary purpose of this study was to develop an equation to predict MFO from the 6-MWT, incorporating age, anthropometry, body composition, and physiological outcomes in healthy, sedentary, normal-weight, and overweight/obese Thai female adults. The secondary purpose was to determine the FATmax of the female adults, and the final aim was to explore the influence of obesity on the equations and intensity. We hypothesized that MFO could be predicted using the 6-minute walking distance (6-MWD) and related variables, and that the equation and intensity are influenced by obesity in the female adults.


METHODS


Subjects

The participants were divided into 2 Groups based on the Asia-Pacific criteria (40): (a) the Normal Weight Group (NWG; body mass index [BMI] between 18.5 and 22.9 kg/m2); and (b) the Overweight/Obesity Group (OBG; BMI between 23 and 29.9 kg/m2) between 30 and 60 years of age. Our sample size included 52 women in each Group (including a 20% dropout rate) calculated using G*Power 3.1 (Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany) with power = 0.80, α = 0.05, and a Cohen's d effect size = 0.35. An advertisement on the city and Khon Kaen University websites and personal contact were used to recruit participants. The screening test included a health questionnaire with menstrual cycle information, physical examination, electrocardiogram, and blood chemistry. The blood samples data include fasting blood glucose (measured by the glucose oxidase method [YSI Incorporated, Yellow Springs, OH, USA]) which was calibrated before every measurement], plasma lipid profile, creatinine (Cr), and serum glutamate-pyruvate transaminase (SGPT) (measured by using Refloton Plus [Roach, Boehringer Mannheim, Germany]). The coefficient of variation of measurement by using the Refloton Plus and YSI analyzer were 0.1%.


Participants living in Khon Kaen Province, Thailand, with no chronic diseases and who did not regularly exercise, which was defined as less than 150 minutes/week for at least 1 year were included. Those who abused alcohol, smoked, or took any medication or supplements for at least 1 year were excluded. All participants were informed verbally and in writing of the study before signing a consent form. This study was approved by the Ethical Committee of Khon Kaen University following the 1964 Declaration of Helsinki (HE631578), and its registration number was TCTR20210510006 on 30 April 2019.


Procedures

This study was conducted from April 2019 to September 2020 in the Khon Kaen Province, Thailand. After passing the screening, the participants participated in 3 tests consecutively: 1) the 6-MWT (14) (to determine 6-MWD and related variables); 2) an incremental exercise test to determine VO2peak (9) and maximal work rate [WRmax]; and 3) a submaximal cycling exercise test to determine MFO and FATmax (Figure 1). The first 2 tests and the 3rd test were performed on the 1st visit and 2nd visit, respectively. The participants who were not in menopause participated during their follicular phase. Before every visit, the participants had no intense exercise for 2 days, slept at least 6 hours, and arrived at the laboratory after 8 hours of overnight fasting where they rested until the heart rate (HR) and blood pressure (BP) were within normal resting values.
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Figure 1. Protocol of This Study.

Abbreviation: 6-MWT = 6-Minute Walk Test; 6-MWD = 6-Minute Walk Distance; HR = Heart Rate; BP = Blood Pressure, SpO2 = Peripheral Oxygen Saturation; WRmax = Maximal Work Rate; VO2peak = Peak Oxygen Consumption Rate, %HRmax = Percentage of Maximal Heart Rate; RPE = Rating of Perceived Exertion; RPD = Rating of Perceived Dyspnea; %WRmax = Percentage of Maximal Work Rate

Visit 1: The participants performed the 6-MWT following ATS guidelines (33). HR, BP, and oxygen saturation (SpO2) were recorded before, immediately, and 15 minutes after the walking. Then they were asked to lie on a bed for at least 30 minutes while HR and BP returned to resting condition. After that, they walked to the cycle ergometer (Lode B.V., Corival, Groningen, The Netherlands) and warmed up by cycling at 0 watts for 3 minutes followed by a 3-minute incremental exercise to 85%HRmax to measure WRmax and VO2peak. Expired gas samples were obtained using a gas analyzer (Oxycon Mobile®; CareFusion, San Diego, CA, USA.) to determine VO2 concentration. The WRmax was the WR at the VO2peak calculated using linear regression from VO2, HR, and WR relationships. The HRmax formula used to calculate the VO2peak was 220-age. Then, the submaximal WR for subsequent visits was calculated.


Visit 2: At least 7 days later, the participants performed a submaximal exercise test to assess MFO and FATmax. They warmed up by cycling at 0 watts for 3 minutes and then performed 6-minute exercises at 20%, 30%, 40%, 50%, and 60% WRmax continuously on the cycle ergometer (Lode BV). Heart rate (HR), rating of perceived exertion (RPE), and rating of perceived dyspnea (RPD) were recorded before and at the end of each WR. Then, they cooled down by cycling at 20% WRmax for 4 minutes. Expired gas samples were obtained throughout the visit using a gas analyzer (Oxycon Mobile®; CareFusion) to determine VO2 and VCO2 concentration. VO2 (L/min) and VCO2 (L/min) were used to calculate FAO (g/min) using the equation of Peronnet and Massicotte ignoring protein (29). The room temperature and humidity were maintained at the participants’ comfort and recorded during the visits.


Statistical Analyses


All descriptive data are presented as mean ± standard deviation (SD). The Kolmogorov–Smirnov test was used to test the normality of the distribution. The mean difference in all demographic and characteristic data between the NWG and OBG was analyzed by independent t-tests. The data within and between Groups were analyzed by using repeated measures ANOVA and the Bonferroni correction was used as a Post Hoc test. Multiple linear regression was used to analyze the association of 6-MWD as a dependent variable and other variables as independent variables. The R package “corrplot” (version 0.92) was used to generate a heatmap for the visualization of unadjusted data (7). The significant results were presented with a P-value less than 0.05. SPSS statistical software (version 26; IBM Corp., Armonk, NY, USA) was used for statistical analysis.


RESULTS


Although 117 women participants were screened, 52 NWG and 52 OBG participants were eligible for inclusion in the study. Table 1 presents the participant characteristics in both Groups. The OBG participants were older than those in the NWG. Anthropometry and body composition confirmed obesity in the OBG. All participants had normal blood chemistry, with higher fasting plasma glucose and triglycerides and lower high-density lipoprotein cholesterol concentrations in the OBG. Room temperature was 25.4 ± 0.9 °C and humidity was 50.4% ± 6.2% during testing.


Table 1. Anthropometry, Body Composition, and Hemodynamics of the Subjects.


		

		NWG (n = 52)

		OBG (n = 52)



		Age (yr)

		  39.8 ± 7.79

		    44.4 ± 7.38##



		H (cm)

		157.7 ± 5.05

		155.9 ± 5.44



		BM (kg)

		  51.5 ± 4.76

		    62.2 ± 5.34##



		BMI (kg/m2)

		  20.8 ± 1.34

		    25.7 ± 1.74##



		WC (cm)

		  74.7 ± 6.40

		    86.5 ± 6.04##



		HC (cm)

		  91.9 ± 4.53

		  100.4 ± 4.51##



		WC/HC ratio

		    0.8 ± 0.05

		      0.9 ± 0.05##



		BF (%)

		  31.4 ± 3.89

		    36.3 ± 3.47##



		FM (kg)

		  16.4 ± 3.60

		    22.3 ± 4.76##



		HR (bpm)

		  64.2 ± 6.72

		  65.3 ± 7.67



		SBP (mmHg)

		108.7 ± 9.51

		   116.5 ± 13.3##



		DBP (mmHg)

		  68.2 ± 8.34

		     73.6 ± 10.5##



		FBG (mg/dL)

		  82.5 ± 8.74

		    86.9 ± 10.1#



		TC (mg/dL)

		188.2 ± 25.1

		 189.9 ± 31.5



		TG (mg/dL)

		102.3 ± 36.0

		  123.0 ± 45.7#



		LDL-C (mg/dL)

		104.7 ± 24.8

		 109.2 ± 34.3



		HDL-C (mg/dL)

		  63.0 ± 16.9

		   56.07 ± 16.7#



		LDL-C/HDL-C ratio

		    1.8 ± 0.77

		    2.19 ± 1.09



		Cr (mg/dL)

		    0.8 ± 0.12

		     0.74 ± 0.10#



		SGPT (U/L)

		  13.6 ± 4.72

		    16.5 ± 6.82





The data are expressed as mean ± SD (n = 104, 52 in each Group). An Independent sample t-test was used to compare between Groups. Abbreviations: NWG = Normal Weight Group; OBG = Overweight/Obesity Group; H = Height; BM = Body Mass; BMI = Body Mass Index; WC = Waist Circumference; HC =Hip Circumference; BF = Body Fat; FM = Fat Mass; HR = Heart Rate; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; FBG = Fasting Blood Glucose; TC = Total Cholesterol; TG = Triglycerides; LDL-C = Low-Density Lipoprotein Cholesterol; HDL-C = High-Density Lipoprotein Cholesterol; Cr = Creatinine; SGPT = Serum Glutamic Pyruvate Transaminase. #P < 0.05, ##P < 0.01, compared between Groups.


Table 2 shows the data from the 6-MWT. Compared with before the test, both Groups had increased HR and systolic blood pressure (SBP) immediately after the walk (P < 0.001) and increased HR 15 minutes later (P < 0.001). The NWG had greater HR, SBP, and diastolic blood pressure (DBP) immediately after the walk than 15 minutes later (P < 0.001). The OBG had greater SBP, and DBP immediately after the walk than 15 minutes later (P < 0.001). SpO2 (%) was kept constant at normal values throughout the test. The average percentage of HR relative to HRmax in both Groups was between low and high levels (16) (59% to 87% HRmax in the NWG vs. 54 to 85% HRmax in the OBG) without any difference between the Groups. Before the test, the OBG had lower walking distance (P < 0.05), and higher SBP (P < 0.01) and DBP (P < 0.05) but lower SpO2 (P < 0.01) than the NWG. Immediately after the walk, the OBG had a higher SBP than the NWG (P < 0.01). Fifteen minutes after the walk, the OBG had higher SBP (P < 0.01) and DBP (P < 0.05) but lower SpO2 (P < 0.05) than the NWG. 

Table 2. Data from 6-MWT in Both Groups.

		

		NWG 

(n = 52)

		OBG 

(n = 52)



		Before 6-MWT

		

		



		HR (bpm)

		  69.0 ± 6.94

		  67.4 ± 8.37



		SBP (mmHg)

		111.6 ± 10.1

		119.5 ± 11.4



		DBP (mmHg)

		  77.2 ± 7.84

		  81.2 ± 9.41



		SpO2 (%)

		  98.8 ± 0.59

		  98.4 ± 0.63



		Immediately after 6-MWT

		

		



		HR (bpm)

		    130.2 ± 19.9*@

		 121.0 ± 22.5*



		SBP (mmHg)

		    128.6 ± 17.4*@

		  136.35 ± 17.1*@



		DBP (mmHg)

		    82.6 ± 11.7@

		    84.0 ± 9.96@



		SpO2 (%)

		  98.6 ± 0.74

		  98.5 ± 0.58



		15 min After 6-MWT

		

		



		HR (bpm)

		   76.1 ± 9.42* 

		    74.5 ± 9.38*



		SBP (mmHg)

		113.2 ± 9.74

		121.1 ± 14.0



		DBP (mmHg)

		  74.3 ± 7.75

		  79.4 ± 11.6



		SpO2 (%)

		  98.7 ± 0.64

		  98.4 ± 0.77





The data are expressed as mean ± SD (n = 104, 52 in each Group). Repeated-measure ANOVA was used for comparison within and between Groups, and the Bonferroni Post Hoc Test was used. Abbreviations: 6-MWT = 6-Minute Walk Test; NWG = Normal Weight Group; OBG = Overweight/Obesity Group; HR = Heart Rate; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; SpO2 = Peripheral Oxygen Saturation. *P < 0.001 compared with before the 6-MWT in the same Group, @P < 0.001 compared with 15 min after the 6-MWT in the same Group.

Data from the Maximal Exercise Test

The OBG had a trend to have greater WRmax (114.3 ± 20.1 vs. 106.4 ± 26.3 watts, P = 0.09) but significantly lower %VO2peak than the NWG (20.3 ± 4.20 vs. 22.4 ± 5.45 mL/kg/min, P < 0.05). 


Data from the Submaximal Exercise Test: WR, VO2, HR, RPE, and RPD


Table 3 shows %VO2peak at each work rate during the submaximal exercise test in both Groups. %VO2peak was increased during the increased WR without any significant difference between the Groups. Table 4 shows WR and VO2 from the submaximal exercise test. All submaximal work rates were significantly greater (P < 0.05) and VO2 was significantly lower (P < 0.01) in the OBG than in the NWG. Furthermore, the OBG had significantly lower HR at 50% (P < 0.01) and 60% WRmax (P < 0.05) than the NWG (Table 5). However, there were no Group differences in RPE and RPD. All variables significantly increased following the increasing work rates within the Group (Tables 3, 4, and 5)

Table 3. %VO2peak at Each Work Rate during the Submaximal Exercise Test in Both Groups.

		

		NWG 

(n = 52)

		OBG 

(n = 52)



		20% WRmax 

		39.0 ± 8.02

		38.7 ± 8.25



		30% WRmax 

		47.4 ± 9.77

		45.9 ± 9.93



		40% WRmax 

		56.2 ± 11.3

		53.7 ± 11.5



		50% WRmax 

		65.0 ± 13.1

		61.7 ± 13.2



		60% WRmax 

		74.6 ± 15.3

		70.5 ± 15.3





The data are expressed as mean ± SD (n = 104, 52 in each Group). Repeated-measure ANOVA was used for comparison within and between the Groups, and the Bonferroni Post Hoc Test was used. Abbreviations: VO2peak = Peak Oxygen Consumption Rate; NWG = Normal Weight Group; OBG = Overweight/Obesity Group; WRmax = Maximal Work Rate. 

Table 4. WR and VO2 from the Submaximal Exercise Test in Both Groups.

		

		NWG 

(n = 52)

		OBG 

(n = 52)



		WR (watt) at 

		

		



		   20% WRmax 

		21.3 ± 5.27

		22.9 ± 4.02#



		   30% WRmax

		31.9 ± 7.90

		34.3 ± 6.03#



		   40% WRmax

		42.6 ± 10.5

		45.7 ± 8.04#



		   50% WRmax

		53.2 ± 13.2

		57.2 ± 10.0#



		   60% WRmax

		63.8 ± 15.8

		68.6 ± 12.1#



		VO2 (mL/kg/min) at

		

		



		   20% WRmax 

		  8.5 ± 1.34

		  7.6 ± 1.23##



		   30% WRmax 

		10.3 ± 1.71

		  9.0 ± 1.54##



		   40% WRmax 

		12.2 ± 2.16

		10.6 ± 1.89##



		   50% WRmax 

		14.2 ± 2.61

		12.2 ± 2.22##



		   60% WRmax 

		16.3 ± 3.10

		13.9 ± 2.61##





The data are expressed as mean ± SD (n = 104, 52 in each Group). Repeated-measure ANOVA was used for comparison within and between Groups, and the Bonferroni Post Hoc Test was used. Abbreviations: WR = Work Rate; VO2 = Oxygen Consumption Rate; NWG = Normal Weight Group; OBG = Overweight/Obesity Group; WRmax = Maximal Work Rate; VO2peak = Peak Oxygen Consumption Rate. #P < 0.05, ##P < 0.01, compared between Groups.


Table 5. HR, RPE, and RPD during the Submaximal Exercise Test of the Participants in Both Groups.

		

		NWG (n = 52)

		OBG (n = 52)



		HR

		

		



		- rest

		72.3 ± 7.12

		71.8 ± 10.2



		- 20%WRmax

		90.8 ± 9.33

		89.5 ± 9.77



		- 30%WRmax

		99.8 ± 10.3

		97.0 ± 10.2



		- 40%WRmax

		110.7 ± 11.2

		106.9 ± 10.6



		- 50%WRmax

		123.8 ± 13.9

		116.9 ± 12.6##



		- 60%WRmax

		135.8 ± 13.3

		130.2 ± 14.4#



		RPE

		

		



		- rest

		6.00 ± 0.00

		6.00 ± 0.00



		- 20%WRmax

		6.71 ± 1.05

		6.81 ± 1.19



		- 30%WRmax

		7.88 ± 1.42

		8.06 ± 1.39



		- 40%WRmax

		9.60 ± 1.72

		9.79 ± 1.74



		- 50%WRmax

		11.2 ± 1.83

		11.6 ± 2.03



		- 60%WRmax

		13.1 ± 2.36

		13.6 ± 2.39



		RPD

		

		



		- rest

		0.00 ± 0.00

		0.00 ± 0.00



		- 20%WRmax

		0.65 ± 0.61

		0.65 ± 0.63



		- 30%WRmax

		1.35 ± 0.78

		1.39 ± 0.88



		- 40%WRmax

		2.37 ± 0.83

		2.34 ± 1.04



		- 50%WRmax

		3.32 ± 1.06

		3.43 ± 1.00



		- 60%WRmax

		4.56 ± 1.43

		4.77 ± 1.48





The data are expressed as mean ± SD (n = 104, 52 in each group). Repeated-measure ANOVA was used for comparison within and between Groups, and the Bonferroni Post Hoc Test was used. Abbreviations: HR = Heart Rate; RPE = Rating of Perceived Exertion; RPD = Rating of Perceived Dyspnea; NWG = Normal Weight Group; OBG = Overweight/Obesity Group; WRmax = Maximal Work Rate. #P < 0.05, ##P < 0.01, compared between Groups.

MFO


Table 6 shows FAO at each work rate during the submaximal exercise test. The MFO was found at 20% WRmax, which is a low-intensity exercise (16). This is comparable to 39% and 38.7% VO2peak in the NWG and the OBG, respectively. No significant differences were observed in MFO and FATmax between the Groups.


Table 6. FAO at Each Work Rate during the Submaximal Exercise Test in Both Groups.

		

		NWG (n = 52)

		OBG (n = 52)



		20% WRmax (mg/min)

		91.1 ± 69.3

		58.8 ± 52.1



		30% WRmax (mg/min)

		63.9 ± 67.1

		32.0 ± 40.4



		40% WRmax (mg/min)

		50.0 ± 66.8

		22.6 ± 37.2



		50% WRmax (mg/min)

		36.0 ± 59.2

		10.7 ± 26.5



		60% WRmax (mg/min)

		25.7 ± 50.7

		  4.2 ± 13.4





The data are expressed as mean ± SD (n = 104, 52 in each group). Repeated-measure ANOVA was used for comparison within and between Groups, and the Bonferroni Post Hoc Test was used. Abbreviations: FAO = Fat Oxidation Rate; NWG = Normal Weight Group; OBG = Overweight/Obesity Group; WRmax = Maximal Work Rate.


Correlation of MFO and Related Variables


Figure 2 depicts the correlations between MFO and all related variables in all participants. MFO positively correlated with the 6-MWD (r = 0.37, P < 0.01) and negatively correlated with age (r =   -0.51, P < 0.01) in the NWG. Moreover, MFO negatively correlated with waist circumference (r = 0.30, P < 0.05) in the OBG. However, MFO had no significant correlation with other variables (Figure 2).




Figure 2. Correlation of MFO and Related Variables. Abbreviations: MFO = Maximal Fat Oxidation Rate; 6-MWD = 6-Minute Walk Distance; H = Height; BM = Body Mass; BMI = Body Mass Index; WC = Waist Circumference; HC = Hip Circumference; FM = Fat Mass; BF = Body Fat; HR = heart Rate; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; NWG = Normal Weight Group; OBG = Overweight/Obesity Group. +P < 0.05, ++P < 0.01 significant correlation with MFO in the same Group.

Equation

Table 7 presents the equations that estimate the MFO in the NWG and OBG. Stepwise regression analyses revealed that combining the 6-MWD with age, hip circumference, and resting HR improved the model's predictability to moderate in the NWG (R2 = 0.47, P < 0.01). However, the equation model used to predict MFO in the OBG included only waist circumference, with very low predictability (R2 = 0.09, P < 0.05). 


Table 7. The Equation Model Predicted Maximal Fat Oxidation using the 6-Minute Walk Distance, Anthropometry, and Physiological Variables in Both Groups.

		 NWG 

(n = 52)

		NSCC

		r

		R2

		RSD

		ES

		P



		Constant

		602.40

		0.68

		0.47

		50.50

		52.60

		0.006



		Age (yr)

		   -4.19

		

		

		

		

		0.001



		6-MWD (m)

		     0.54

		

		

		

		

		0.004



		HC (cm)

		    -3.32

		

		

		

		

		0.006



		HR (bpm)

		    -4.86

		

		

		

		

		0.007



		Equation


MFO (mg/min) = 602.40 – 4.19 x age (yr) – 0.5 x 6-MWD (m) -3.3 x HR (bpm) – 4.9 x HC (cm)



		



		OBG 

(n = 52)

		NSCC

		r

		R2

		RSD

		ES

		P



		Constant

		281.86

		0.29

		0.09

		49.68

		50.18

		0.007



		WC (cm)

		   -2.58

		

		

		

		

		0.031



		Equation


MFO (mg/min) = 281.86 – 2.58 x WC (cm)





Multiple regression analyses (stepwise model) were used to predict the maximal fat oxidation (n = 104, 52 in each Group). Abbreviations: ES = Standard Error of the Estimate; HC = Hip Circumference; HR = Resting Heart Rate; 6-MWD = 6-Minute Walk Distance; NSCC = Non-Standardized Correlation Coefficient; NWG = Normal Weight Group; OBG = Overweight/Obesity Group; RSD = Residual Standard Deviation; WC = Waist Circumference.

DISCUSSION


This study primarily aimed to develop an equation to predict MFO from the 6-MWT, incorporating age, anthropometry, body composition, and physiological outcomes in healthy, sedentary, normal-weight, and overweight/obese Thai female adults. The secondary aim was to determine their FATmax. The final aim was to explore the influence of obesity on the equations and FATmax. This study is the first to demonstrate that the combination of 6-MWD and age with resting HR and hip circumference provides an equation that predicts MFO in the 30 to 60-year-old NWG. Furthermore, obesity seems to obliterate this equation because no correlation was observed between MFO and 6-MWD in the OBG. However, obesity did not influence the FATmax. 


As expected, stepwise regression analysis showed that combining 6-MWD and age with hip circumference and resting HR could predict MFO in 30 to 60-year-old normal-weight participants. Unexpectedly, 6-MWD did not but waist circumference did predict MFO in the aged- and sex-matched obese participants in this study. This indicates that obesity influences the equation predicting MFO. The equation in the obese Group is inconsistent with that in Tunisian obese girls (23). The authors showed that the 6-MWD and waist circumference independently predicted MFO in obese girls (r = 0.72, P < 0.001). Differences in the equation components from the Tunisian study may be attributed to the age effect. The participants were women of older age (30 to 60 years old); whereas, the participants in the Tunisian study were children (13.4 to 13.8 years old). Previous studies demonstrate that age negatively correlates with FAO (14,34). Importantly, VO2peak and WRmax were directly measured. The study in children received both parameters theoretically by calculating for each subject using the prediction equations of Wasserman et al. (39) that takes age, sex, and anthropometric characteristics into consideration. Therefore, our results seem to be more reliable. This is supported by previous research confirming that to measure MFO, the measured maximal aerobic power value is more reliable than a theoretical value (17). However, this equation needs future verification in this group of participants.

The FATmax of Thai female sedentary adults in this study (39.0% ± 8.02% vs. 38.7% ± 8.25% VO2peak, NWG vs. OBG, respectively) is essentially the same as the FATmax in our previous study of younger (aged 20 to 21 years old) Thai sedentary (32% VO2peak) females (19). Previous studies reported that the FATmax is between 47% and 75% of VO2peak (3,38). Based on the guideline for quality control of research on VO2max and FATmax measurement (5), this discrepancy may be attributed to many factors such as ethnicity, fitness status, sex, age, and mode of the exercise test. For example, the FATmax was 47% and 52% VO2peak in a large sample of the general Western population; whereas, it was 64% ± 4% VO2max and 74% ± 3% HRmax in moderately trained male Western cyclists (2,3). Furthermore, non-athlete Iranian participants had FATmax at 75% VO2max (38). Adding to this point, we found a positive correlation between MFO and 6-MWD in normal-weight participants. Therefore, the lower FATmax in this study is possible due to ethnicity (Western vs. Asian population) and fitness status (trained vs. sedentary). Furthermore, in this study, the lower FATmax seems to be comparable with the walking effort during 6-MWT, which was low- to high-intensity exercise (59% to 87% HRmax in NWG vs. 54% to 85% HRmax in the OBG). However, obesity did not alter the FATmax, which is low intensity (20% Wmax and 39% VO2peak) in both Groups.


The high quality of all the measurements have been described, including 6-MWT, MFO, and FATmax. We have reported the validity and the reliability of the 6-MWT in the methods. For those of MFO and FATmax, we focused on a few important techniques as follows (5). First, we used age-matched normal-weight participants to explore the effects of obesity. Second, all participants who still had menstrual cycles experimented during the follicular phase. Although the effect of the menstrual period on substrate utilization has not been clear yet (31), keeping the experiment away from the surging estrogen hormone period helps prevent estrogen's influence on fat metabolism. A previous study showed estrogenic receptors maximize fat oxidation capacity (27). Third, all the participants maintained regular dietary intake and physical activities before every visit. This can attenuate metabolic bias regarding diet and physical activity. Fourth, the experiments were performed in the morning after fasting for 8 to 12 hours overnight to reduce diet bias (4). Fifth, %WRmax was used to control the exercise intensity instead of %VO2peak during the submaximal exercise test. This allowed for controlling the participants to perform the exercise at the planned intensity. However, the results of %VO2peak confirmed the incremental effort similar to the WR setting. Sixth, the time duration for each exercise step was set during the submaximal exercise test to be 6 minutes which is appropriate to provide the valid value of fat oxidation in obese participants. Individuals with low cardiorespiratory fitness and those with obesity should exercise at least 4 minutes at each submaximal step (2). These individuals take longer to present a steady and valid oxidation rate. The obese participants in this study had low cardiorespiratory fitness, which was determined by lower VO2peak than the normal-weight participants. This provides the valid MFO and FATmax of the participants in both groups. Seventh, the key methodological issues of all references on age, sex, and fitness status of the participants were discussed in detail.


Limitations in this Study


This study has some limitations. First, the participants were women with different FAOs from men (13). Second, the classification for screening of the participants was based on Asia-Pacific criteria. Therefore, our results may not apply to men and individuals on Western-Pacific criteria. Thirdly, we did not verify the equation among the normal-weight participants due to financial limitations. Future studies verifying this equation in women with normal weight are required to confirm its validity. Furthermore, developing this equation for other populations, such as male adults, adults older than 60 years of age, and patients with metabolic diseases is worth performing.


CONCLUSIONS


The results suggest that the combination of 6-MWD and age with resting HR and hip circumference provides an equation that could predict MFO in 30- to 60-year-old normal-weight female participants. Furthermore, obesity appears to influence the equation but not FATmax, which is low intensity. This equation is practical and can be calculated easily. Hence, it may be useful for evaluating and preventing obesity in normal-weight female Thai adults. Future studies verifying the equation in women with normal weight are required to confirm its validity.
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ABSTRACT


Jiannine L, Evans C. The Discrepancy Between Physical Fitness and Self-Reported Exercise: Men vs. Women. JEPonline 2025;(28):27-35. Although subjective measures of exercise are useful and cost-effective for assessing fitness, such methods are prone to bias and inaccuracies due to their subjective nature. The first purpose of this study was to investigate the association between self-reported physical fitness level obtained by the International Physical Activity Questionnaire (IPAQ) and the specific measures of fitness. The second purpose of this study was to compare the accuracy of self-reported physical activity between men and women. The participants completed the International Physical Activity Questionnaire (IPAQ) as well as various tests that measured muscular strength, muscular endurance, cardiovascular endurance, flexibility, and body composition. There was a moderate correlation in aggregate analysis of men and women. However, when the women were isolated in the analysis, there was a significant relationship between the IPAQ scores and all the components of physical fitness except isometric muscular strength. When the men were isolated in the analysis, not a single measure of physical fitness was related to the IPAQ scores. The IPAQ was more reliable for estimating physical fitness in the female population compared to the men.


Key Words: IPAQ; Physical Activity Screening; Self-Reported

INTRODUCTION


Physical activity plays a vital role in health and quality of life. Lack of physical activity is associated with an increase in risk non-communicable diseases such as obesity, diabetes, cardiovascular, and some cancers (2,4.5,7,17,19,22,25,26). Additionally, physical inactivity correlates with a decrease in quality of mental health issues (25,26). In fact, numerous studies have found that physical activity improves health and overall cognitive function (2,4,5,17,19,26). Assessing physical activity of different populations is essential to the creation and implementation of health promotion programs and, fortunately, there are several assessment tools have been created to measure physical activity and sedentary behavior.  


The International Physical Activity Questionnaire (IPAQ) is a subjective assessment designed to estimate physical habits of individuals. The IPAQ is a cost-effective tool and is generally accepted as reliable (7,12,17,22,25). The questionnaire is easily administered to measure activity patterns, and it can distinguish between moderate and vigorous activity. However, it is very similar to other subjective assessment tools in that it is common for individuals to inaccurately report or recall activities. Self-reported data may be unreliable due to several factors. First, human memory is imperfect given that people often misremember or forget details about their behaviors or experiences. Secondly, there is a tendency for social desirability bias, where survey respondents may answer questions in a way that they believe is more acceptable or favorable to the researcher as opposed to providing truthful answers (13,18). Additionally, people who are overweight or obese have a greater tendency to overreport physical activity (13). 

Self-reported data on exercise can reveal notable differences between men and women, which may be rooted in both psychological and social factors. These variations are important because they can potentially have an influence on the accuracy of research on physical activity and health. Men and women may also approach self-reporting of exercise habits differently. This may involve exaggerating the frequency, the intensity, and/or the duration of exercise. Some research suggests that men may be motivated to overstate their exercise levels due to social expectations that associate masculinity with strength, athleticism, and physical prowess (8). Reporting higher levels of activity may serve to reinforce their identity in line with perceived societal ideals.


These differences in self-reporting can lead to misleading data in research studies that impact everything from exercise programing to sex-specific health interventions. Hence, understanding possible gender-related biases is essential to accurate data interpretation to ensure that exercise programs are predicated on true patterns of behavior rather than skewed self-reports. Thus, the purpose of this study was: (a) to compare direct measures of physical fitness to self-reported physical activity via IPAQ; and (b) to determine if there are sex differences.


SCIENTIFIC METHODS

Participants


One hundred and thirty-three participants were recruited from a public university in Southern Florida. The participants were eligible for the study if they: (a) were between the ages of 18 to 65; (b) were not currently taking antidepressants; and (c) were physically able to complete the fitness testing.

Protocol


The participants were asked to fill out The International Physical Activity Questionnaire (IPAQ), which was designed for adults 18 to 65 years of age to assess their participation in light, moderate, and vigorous physical activity in the 7 days preceding the survey. There are two forms of the IPAQ; a long version, containing 9 items and a short version, containing 31 items. The short version was chosen due to comparable reliability and validity (10,12,20). A reliability assessment across 12 countries revealed Spearman’s correlation coefficients of .81 for the long version compared to .76 for the short version (10,20). Scoring typically involves the aggregate of active minutes multiplied by frequency that provides separate scores for light, moderate, and vigorous intensity activity. However, for the IPAQ to be reported as a continuous measure of physical activity, it was computed to MET-minutes that was correlated to physical fitness measurements corresponding to the 5 components of physical health as defined by the American College of Sports Medicine (3). Anthropometric measurements were collected based on the previously reported protocols (20). The measurements consisted of height, weight, and body fat percentage. The skinfold analysis measured the amount of adipose tissue using Harpenden calipers and utilizing the 3-site method to gain an assessment of overall body fat percentage.


Fitness measurements were comprised of 3 components: (a) the Push-Up Test; (b) the Plank Test; and (c) the Handgrip Test. The following fitness measurement protocols were based on the those previously described by Jiannine (10). The Plank Test concluded once the participant was unable to maintain correct form. The Push-Up Test was gender-specific and only the pushups completed with proper form were counted. Grip strength was assessed using a handgrip dynamometer, with participants squeezing the dynamometer with maximum effort for 5 seconds, repeated 3 times at 60-sec intervals. The manometer of the dynamometer was turned away from the subjects so that no biofeedback was given. 


Next, the participants proceeded to the Rockport Fitness Test that assessed aerobic endurance. The participants began with 5 minutes of general warm-up, which was followed by walking a mile as quickly as possible without running or jogging. Heart rate was assessed using a heart rate monitor, immediately after the subjects completed the 1 mile. Submaximal VO2 was then calculated based on the participants’ heart rate and recorded time (10,20). The Rockport Fitness Test, which is one of the few tests that can estimate submaximal aerobic power on individuals of varying fitness levels. It is a 1 mile, walk test whereby the participants are not allowed to run or jog. This test was found to exhibit high validity coefficients (r = .93) between predicted VO2 max and actual VO2 max, with a low standard error of measurement (SEE .325), which suggests that the test yields a valid estimate of VO2 max (10,11). The Sit and Reach Tests that was used to determine the participants’ flexibility was conducted after the Rockport Fitness Test. This was to ensure that the participants were adequately warmed up before beginning the test. The participants were instructed to extend their hands as far as possible, pushing the metal indicator with their fingertips. Each participant had 3 attempts of which the best of the 3 attempts was recorded.


The protocol was conducted in accordance with the latest revision of the Declaration of Helsinki. Also, the experimental procedures were reviewed and approved by the Florida International University (IRB-14-0389). Statistical analysis was obtained using frequency and descriptive data. The general linear model (GLM) was used to determine the total number of self-reported MET-minutes was correlated to physical activity performance using the 5 components of physical health as determined by the American College of Sports Medicine (3). The general linear model (GLM) was used for its ability to control for multiple covariates simultaneously (15). 

RESULTS

Participants


The participants volunteered for fitness testing and data collection of which the Lab visits lasted approximately 45 to 75 minutes. Recruitment primarily targeted individuals from a minority-serving institution (MSI), resulting in a predominantly Hispanic participants (n = 64, 48.1%), followed by a non-Hispanic White (n = 26, 19%), and non-Hispanic Black (n = 19, 14.3%) participants. Due to the limited number of Asian participants (n = 2, 1.5%), independent analysis of the participants was not feasible. Although this research did not find any significant differences based on ethnicity, it may have provided a deeper analysis of the Hispanic minority population. The average age of the participants was 24.7 with a median age of 22. While most of the participants was very likely students, demographic disaggregation was not performed to ensure confidentiality for all the participants. 


Physical Fitness Parameters

Self-reported exercise scores averaged 4,255.37 weekly MET minutes (men = 4,761.61, women = 3,612.12). Of these MET minutes, 2,285.27 were dedicated to light exercise (men = 2,409.10, women = 2,152.33); 1,162.50 were spent doing on moderate exercise (men = 1,535.88 women = 895.28); and 2,005.93 (men = 2,219.62, women = 1,718.30) MET minutes were spent engaged in vigorous exercise. When the men and the women were investigated separately, none of the physical fitness measures were related to self-reported exercise in the male subjects (Table 1). Conversely, when analyzing the women independently, all aspects of physical fitness except handgrip (β =.00, t = .30, P = .77); were significantly correlated with self-reported exercise (Table 2).


Table 1.  Relationship between Self-Reported Exercise and Physical Fitness – Men

		Conditions

		        B   

		       Std. Error

		       t

		                   Sig.



		Body Fat

		-0.001

		0.00

		-0.46

		0.65



		Handgrip

		-0.003

		0.01

		-0.28

		0.78



		Push-Up

		0.01

		0.01

		 0.65

		0.52



		Plank

		0.02

		0.02

		 0.90

		0.37



		VO2

		0.01

		0.00

		1.68

		0.10



		Sit & Reach

		 -0.001

		0.00

		-0.58

		0.57





Table 2.  Relationship between Self-Reported Exercise and Physical Fitness – Women


		Conditions

		        B

		       Std. Error

		       t

		                   Sig.



		Body Fat

		-0.01

		0.00

		-3.56

		0.001



		Handgrip

		  0.002

		0.01

		 0.30

		                  0.77



		Push-Up

		0.02

		0.01

		 3.38

		0.001



		Plank

		0.04

		0.01

		 3.20

		0.002



		VO2

		0.01

		0.00

		 3.82

		              P<0.001



		Sit & Reach

		  0.004

		0.00

		 2.17

		0.03





DISCUSSION

This study analyzed the sex-differences in self-reported physical activity in men and women compared to direct measures of fitness. All the subjects exceeded the minimum physical activity requirements as put forth by the American College of Sports Medicine (3,21). To assess subjective measure of physical activity, the participants answered the IPAQ questions regarding their physical fitness activity. The total number of MET-minutes were higher than the previously reported studies (9,23,24). Previous research suggests that individuals inaccurately estimate intensity of exercise, which may explain the discrepancy (6,14,26). Watkinson et al. (26) reported that 45.9% of the participants overestimated their physical activity (26). Interestingly, Luo et al. (14) reported a tendency for older individuals to over-estimate time engaged in physical activity.  It should be noted that this study only recruited subjects that were engaged in physical activity which may influence the results. 


When the men and the women were combined in the analysis, self-reported exercise was significantly related to all aspects of physical fitness except for flexibility. It should be noted that flexibility is not discussed in the IPAQ. These findings are in line with previous studies that compared self-reported fitness with objective measures of fitness (1,16). However, differences were observed when men and women were analyzed separately. When the men were analyzed separately, not a single aspect of physical fitness was related to self-reported exercise, thus indicating either a subconscious or deliberate discrepancy between reported exercise levels and actual exercise levels. Moreover, the men exhibited a greater tendency to overestimate activity level when compared to the women. Watkinson et al. (26) and Obling et al. (16) reported similar findings. Conversely, Aandstad et al. (1) reported that the women were more likely to overreport their fitness levels compared to men. Watkinson et al. (26) theorized that the typical male stereotype, i.e., stronger, fitter, and faster is responsible for the sex differences. Gender role stereotypes may influence the way men and women self-report physical fitness. The stereotype of men “needing” to be stronger and muscular could explain why the male subjects report a higher number of minutes of completed exercise per week. Other studies suggest men’s higher self-esteem, perceived physical ability, and self-efficacy account for the reported sex differences (1,16). 

When the women were separated in the analysis, the self-reported exercise aligned with all aspects of physical fitness except for isometric muscular strength. The authors speculate that training type, duration, and intensity could account for the lack of correlation to muscular strength. Women may be less likely to engage in a sufficient amount of muscular training to gain strength. Craft et al. (8) indicated that women are more likely to engage in exercise for weight related reasons, thus they are less concerned with engaging in strength exercises.


In research and practice, different measurements are used to assess objective and subjective aspects of fitness that make true comparisons to published research challenging. The IPAQ is generally regarded as a valid tool for assessing activity (24). The IPAQ does not account for the different types of exercise reported, such as strength training being broken down into weightlifting. The lack of specific questions related to strength or flexibility may limit the IPAQ’s ability to assess multidimensionality of physical fitness. However, the IPAQ is useful when reporting cardiovascular activity such as walking as well as sitting. Questionnaires that assess muscle strength, endurance, flexibility, and balance may result in different correlations between objective and subjective measures of fitness. The results of this study suggest that IPAQ may be better suited for accurately estimating physical fitness in the female population since women may be more mindful when self-reporting physical activities (22). 


The physical fitness tests may have provided several limitations including motivation and effort, population specificity, and safety concerns. To overcome these limitations, tests with minimal skill and physical exertion were used. There are numerous measurements used to assess physical fitness, thus comparison with other studies may be challenging. The skinfold test has interrater variability. However, to negate this, the 2 people using skinfold assessments were skilled and trained in using skinfold calipers. Despite this limitation, skinfold tests are the most appropriate and cost-effective field tests used to assess body composition. Future research may use more advanced fitness tests such as employing the use of the DEXA scan.


CONCLUSIONS


This study highlighted the discrepancies between self-reported physical activity levels and actual physical fitness levels. The men and women participants had notable differences between the self-reported scores and the actual physical fitness. The International Physical Activity Questionnaire (IPAQ) may overestimate activity levels in men, yet be fairly accurate in estimating physical fitness in women. Men's self-reported activity did not align with the direct fitness measures, which may be problematic in that studies might overestimate male physical activity that potentially leads to misguided fitness guidelines and exercise interventions.
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