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Abstract

:

Energy expenditure through metabolic equivalent (MET) prediction during resistance exercises in humans can be modeled by using cardiorespiratory parameters. In this study, we aimed to predict MET during six moderate-intensity resistance training sessions consisting of three different exercises. Eleven participants were recruited into two groups; an untrained (n = 5; with no resistance training experience) and a trained group (n = 6; with 2 months resistance training experience). Each participant completed six training sessions separated with a rest interval of 1–2 days. While wearing a mask for indirect calorimetric measurements using Cortex Metalyzer 3B, each participant performed training sessions consisting of three types of dumbbell exercises: shoulder press, deadlift, and squat. The metabolic equivalents (METs), respiratory exchange ratio (RER), heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), blood lactate (BL), and Borg rate of perceived exertion (RPE) were measured. The MET was predicted using generalized estimating equations (GEE) for repeated measure data collected during exercise and rest periods. It was observed that during exercise period, RER, HR, SBP, and BL for the training group (QIC = 187, 95% CI = −0.012~0.915, p = 0.000*~0.033*) while RER, HR, SBP, DBP, and RPE (QIC = 48, 95% CI = −0.024~0.422, p = 0.000*~0.002*) during resting period for untrained group significantly predicted MET for moderate-intensity interval resistance training. It is concluded that the cardiorespiratory variables are significantly related to MET. During exercise, RER and HR significantly predicted MET for both groups along with additional parameters of SBP and BL for the training group. While during the resting period, RER, HR, SBP, DBP, and RPE related significantly for untrained and BL for training group respectively.
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1. Introduction


For decades, resistance training (RT) has been one of the most popular modes of exercise used by athletes and exercise populations [1]. According to the American College of Sports Medicine (ACSM), American Heart Association (AHA), and the Surgeon General’s Report on Physical Activity and Health, strength training is important for better health and well-being. It improves strength, anaerobic capacity, body composition, bone density, flexibility, and physical function [1]. The recommended volume of resistance exercise as suggested by ACSM should include at least one set of 8–12 repetitions of each one of 8–10 exercises involving the major muscle groups to gain health and fitness benefits [2].



Given the rise in RT participation and the ongoing increase in the number of overweight people [1], a precise measurement of RT’s energy expenditure would be beneficial. But there are several problems in measuring energy expenditure during resistance exercises including involvement of large mass (which significantly cause higher energy expenditure) [3], number of sets, rest period, number of repetitions, speed of movement, and load [4]. The greater number of variables makes it difficult to compare results with previous studies. In addition, individual factors like age, gender, body composition, and fitness level are also taken into account as possible intervening variables [4]. However, because RT causes metabolic demands in all three energy systems, indirect calorimetry cannot precisely quantify the energy utilization of moderate-to-high intensity RT [1]. Despite this, Wilmore et al. [5] were the first to calculate the metabolic cost of RT during exercise and recovery using indirect calorimetry. With underlying limitations, indirect calorimetry is the standard clinical approach to assess the energy expenditure of healthy or diseased individuals over time [6] during physical activity.



The Compendium of Physical Activities reported the metabolic equivalent (MET) as the ratio of work metabolic rate to a standard resting metabolic rate of 1.0 (4.184 kJ)/kg/h, 1 MET is considered a resting metabolic rate attained during quiet sitting. The Compendium lists activities as multiples of the resting MET level, ranging from 0.9 (sleeping) to 18 METs (running at 10.9 mph) [7] and resistance training refers to 3.5–5 METs [8].



There are many research studies conducted with variable resistance exercise parameters to derive metabolic equations. A study by Gustavo et al. 2020 reported a regression equation for the energy cost of a single resistance training session consisting of bench press, pec deck, squat, lat pulldown, biceps curl, triceps extension, hamstring curl, and crunch in healthy males at 75% repetition maximum (RM): Y = −473.595 + −1.211(X1) + 17.572(X2) (R2 = 0.61, p < 0.05). In which X1 = load-volume (no. of sets x no. of repetitions) and X2 = session time (minutes) [9]. Another study predicted resting energy expenditure (REE) equations in master athletes using body weight, gender, age, height, fat-free mass (FFM), fat mass (FM), temperature, training hours, phase angle, and kind of sports (R2 = 0.55–0.69). They concluded that body composition and ambient temperature are the primary variables for determining REE [10].



Up to our knowledge, no research study is found to relate MET with cardiorespiratory variables of moderate resistance exercises at 60% of 1 RM. Because it is important to determine which cardiorespiratory variable has a strong relationship in predicting MET and compare these variables for the untrained and trained participants during moderate resistance exercises. This study aimed to model METs with various cardiorespiratory variables like respiratory exchange ratio (RER), heart rate (HR), blood pressure (systolic and diastolic—SBP and DBP), blood lactate (BL), and Borg rate of perceived exertion (RPE) scale during three dumbbell resistance training exercises (shoulder press, deadlift, and squat). The primary goal of the study was to determine the multi-linear relation among MET as a dependent while RER, HR, SBP, DBP, BL, and RPE as independent variables using generalized estimating equations (GEE). The secondary aim was to compare untrained with trained group participants’ cardiorespiratory variables.




2. Materials and Methods


Participant Recruitment: A single-blinded controlled study was conducted at Taipei Medical University Hospital, and the protocol was approved by the TMU-Joint Institutional Review Board (IRB no.: N202004023). The trial was registered at ClinicalTrials.gov (accessed on 11 September 2021) (NCT04532905). A total of 12 young male and female participants were recruited into two groups between December 2020 and May 2021 through convenience sampling. Among these, one was excluded, and the untrained group contained five participants (with no resistance training experience) and trained group six participants (with 2 months of resistance training experience). Each participant signed a written consent form before the commencement of the study. The participants were informed about the objectives and potential risks of the research.



The inclusion criteria were: (1) a healthy male or female individual between 20~40 years of age; (2) no metabolic, systematic, or musculoskeletal disease or injury from the last 6 months; (3) no recent surgical procedure which could limit exercise training; (4) taking no medications, especially sedatives, antidepressants, antihypertensive, etc.; and (5) physically fit according to the Physical Activity Readiness Questionnaire (PAR-Q) [11] (Figure 1). Functional outcome measurements and data analyses were performed by trained research staff who were not involved in the intervention. Participants were blinded for the exercise order in this study.



Experimental procedure: Each participant visited the training room for eight separate sessions where testing and data collection were completed. All participants were instructed to eat a meal 2~4 h before testing, to avoid alcohol and caffeine ingestion for 24 h before testing, and to refrain from strenuous exercise for 24~48 h before testing [12].



Session 1: During the first visit, baseline body weight (kg), height (cm), body-mass index (BMI), and body fat percentage were measured using a Karada scan-371 body scale (Omron, Kyoto, Japan). Each participant was evaluated by the PAR-Q for physical fitness; the testing and training procedure was explained to them by an expert researcher. In this session, participants performed an incremental cycling test using Cortex Metalyzer 3B (Cortex, Leipzig, Germany) while wearing a mask to assess cardiopulmonary fitness and familiarity with using the mask during physical activity. The flow and gas sensors were calibrated before every test. The temperature and humidity of the room were respectively set to 22–27 °C and 52%~64%. The incremental bicycle testing protocol was conducted when the participant pedaled the bicycle at approximately 60 revolutions per minute (rpm) against 25 watts of resistance. The resistance was increased by 25 watts at the beginning of each two-minute stage [13]. The test was stopped when two of three occurred; a respiratory exchange ratio (RER) ≥ 1.1, an HR within 10 beats or over their theoretical aged-predicted maximal HR (220-age), and an expression of RPE ≥ 16/20 [14].



Session 2: During this session, each participant performed a maximum of three to five sets to achieve their maximum 1 RM for dumbbell shoulder press, deadlift, and squat exercises at a cadence of 1.5 s up and 1.5 s down using an audible metronome. An audible cadence was used to control for potential variations in the lifting cadence of the participants. Briefly, participants performed a warm-up consisting of eight to ten repetitions using a lightweight, three to five repetitions using a moderate weight, and one to three repetitions using a heavyweight. After the warm-up sets, the 1 RM strength was tested by increasing the resistance on subsequent attempts until the participants were unable to complete an attempt using a proper technique through a full range of motion [15]. Between each set, the participant was given a 2~4 min rest interval. Between the 1 RM shoulder press, deadlift, and squat there was a 10~15 min rest period when participants were allowed to walk, perform light dynamic movements, and consume small amounts of water [16]. After determining 60% of 1 RM, participants performed twothree familiarization sessions on separate days before starting the formal training sessions.



Sessions 3~8: Before the start of the training session, every participant did pre-stretching and warm up for 5–10 min. Participants performed six RT sessions on separate days in a randomized order (Table 1), each at the same time of day, which consisted of the shoulder press, deadlift, and squat exercises at 60 % of 1 RM, three sets of 10 repetitions at a cadence of 1.5 s up and 1.5 s down using an audible metronome to control for potential variations in the lifting cadence of participants. Between each set, there was 2 min rest period and 8 min rest interval between each type of exercise. A minimum of 24~48 h of a rest interval between each resistance training session was included.



The oxygen consumption (VO2) was recorded during each training session through a breath-by-breath analysis using Cortex Metalyzer 3B while wearing a mask. Before beginning training, participants were provided with an explanation of the Borg rate of perceived exertion scale (6–20; RPE). The VO2, RER, and HR were recorded for a total of 52:30 min for each training session, including the resting (10 min), exercise (30 s × nine sets), rest after exercise (2–8 min), and recovery (10 min) periods. Blood pressure (systolic and diastolic—SBP and DBP), RPE, and blood lactate (BL) were recorded before the start of training and immediately after each exercise using a portable Omron sphygmomanometer (Omron Healthcare, Inc., IL, USA), RPE scale, and portable THE EDGE Blood Lactate Monitoring System (ApexBio, Hsinchu, Taiwan). For blood lactate monitoring, blood samples were collected and asepsis was performed with 70% ethyl alcohol on the distal fingertips of the left or right hand. The puncture was performed using disposable lancets, and a suspended drop of blood was applied to a lactate test strip for analysis on a lactate meter [12] (Figure 2).



Outcome measures: The recorded variables were VO2 (ml/kg/min), VO2 (L/min), METs, RER, HR (beats per min (bpm)), SBP (mmHg), DBP (mmHg), BL (mg/dl), and RPE score. For each exercise of six sessions, the METs, RER, and HR during exercise, rest, and recovery periods while blood pressures, RPE, and BL recorded during rest are presented as average values.



Statistical analysis: Raw data from the Cortex metalyzer were exported and processed in Excel software. For statistical analysis, SPSS software (IBM SPSS Statistics vs. 19, Armonk, NY, USA) was used. The normality of the data was evaluated by a bell-shaped histogram. Study demographics are presented in the form of descriptive statistics (Table 2). Our study data were continuous repeated measures, so for modeling MET with multiple repeated variables, generalized estimating equations (GEE) [17] with backward deletion method were used in SPSS. Variables for the GEE analysis included METs, RER, and HR during exercise and rest periods, and SBP, DBP, BL, and RPE during the resting period were entered. Two categories of GEE models were computed:



(1) Exercise models: During exercise, group models were predicted using the data of exercise period including MET, RER, HR, and resting period including SBP, DBP, BL, and RPE for analysis. The factor considered was exercise type (consisted of three exercises: shoulder press, deadlift, and squat), dependent variable MET, and covariates or independent variables were RER, HR, SBP, DBP, BL, and RPE for untrained and trained group models.



(2) Resting models: During resting periods, group models were also computed using the same variables as explained above but the resting data for MET, RER, HR, SBP, DBP, BL, and RPE were used. The estimate (ß), standard error (SE), 95% confidence interval (CI), and p-value were considered for GEE modeling [18]. A narrower 95% CI indicates a more accurate estimate, while a wider 95% CI indicates a less accurate estimate [19]. The fit of GEE models was compared between exercise and resting periods using quasi-likelihood under independence model criterion (QIC) which means the smaller the QIC has the better the model fit [20]. For all six training sessions: METs, RER, HR, SBP, DBP, BL, and RPE were compared with the mean ± standard deviation (SD) and p-values using one-way ANOVA between two groups. The significance level was set to p < 0.050.




3. Results


3.1. Baseline Characteristics of Participants


Twelve participants were recruited in this study, out of which one was excluded. Based on their resistance training experience, a total of eleven participants were randomly allocated into untrained (n = 5) and trained (n = 6) groups. Baseline features of all participants including age (years), gender (male/female), body weight (kg), height (cm), BMI (kg/m2), percentage body fat, habitual activity/week (h), and 60% repetition maximum (RM) training load of shoulder press, deadlift, and squat are presented in Table 2. No participant in either group experienced any adverse events during or after the six training sessions.




3.2. Modeling of MET during Six Training Sessions (Group Vise during Exercise Period)


During the exercise period of six training sessions, the GEE model significantly predicted MET. For the untrained group, the respiratory exchange ratio (RER) (p = 0.004* and 95% CI = 0.152~0.789) and heart rate (HR) (p = 0.000* and 95% CI = 0.009~0.022) were significantly predicted MET while all other parameters including systolic blood pressure (SBP), diastolic blood pressure (DBP), blood lactate (BL), and Borg rate of perceived exertion (RPE) did not show a significant relationship with MET. For the training group, RER (p = 0.021* and 95% CI = 0.073~0.915), HR (p = 0.001* and 95% CI = 0.005~0.018), SBP (p = 0.033* and 95% CI = −0.011~0.000), and BL (p = 0.000* and 95% CI = −0.012~−0.004) reached a significant level in modeling MET. The QIC for exercise models were 74 and 187 while for resting models were 48 and 95 for untrained and trained groups, respectively (Table 3 and Table 4).




3.3. Modeling of MET during Six Training Sessions (Group Vise during the Rest Period)


During the rest period, after each set and exercise, GEE models were also calculated similarly to the method used for the exercise period. As shown in Table 4, RER, HR, SBP, DBP, and RPE were significantly related with MET (p = 0.000~0.002* and 95% CI = −0.024~0.422) for untrained group. While for the trained group, only BL attained significance level (p = 0.045* and 95% CI = −0.003~0.000).




3.4. Cardiorespiratory Variables for Three Dumbbell Exercises (Exercise and Resting Period)


During exercise, a significant difference was noted for MET (p = 0.000*), RER (p = 0.000*~0.002*), and HR (p = 0.000*~0.025*) for all three exercises between the two groups, respectively, except RER for squat and HR for shoulder press. During the resting period, all of the parameters reached the level of significance (p = 0.000*~0.036*) between two groups except RPE for shoulder press and deadlift while RER for squat (Table 5).





4. Discussion


This study aimed to predict GEE models for exercise and resting periods during three dumbbell exercises including shoulder press, deadlift, and squat for untrained and trained healthy participants. During exercise, RER, HR, SBP, and BL predicted significant models with MET for untrained and trained groups (Table 3). While RER, HR, SBP, DBP, and RPE reported significant models during the resting period for the untrained and BL for the trained groups (Table 4).



Most of the available literature found regression models to predict EE using body composition (p < 0.001), ambient temperature (p = 0.004) [10], and exercise intensity-loads and volume (R2 = 0.61 and p < 0.05) [9] etc. A study by Farinatti and Neto reported that total energy expenditure (EE) is mainly affected by muscle mass (p > 0.001) during five sets of ten repetitions with 15 RM loads of moderate-intensity horizontal leg press and chest fly with 1 and 3 min rest intervals [21]. Another study predicted regression models for bench press Y = 0.132 + (0.031) (X1) + (0.01) (X2), R2 = 0.728 and parallel squat Y = −1.424 + (0.022) (X1) + (0.035) (X2), R2 = 0.656 with low intensity for consecutive 5 min exercise—where Y is VO2, X1 is the load measured in kg and X2 is the distance in cm [1]. One published study predicted EE during traditional strength training in 30 trained healthy participants using triaxial accelerometry found a correlation with the axis and location of accelerometer as vertical axis (R = 0.67), the horizontal axis (R = 0.43), third axis (R = 0.36), and the sum of three axes (R = 0.50) counts at the waist [22]. Not one study has predicted MET from cardiorespiratory variables during moderate-intensity interval resistance training. It is challenging to compare our predicted models due to the lack of research on the GEE modeling during resistance training exercises.



The primary goal of this study was to estimate GEE models for MET. These models were computed into two categories: (1) exercise and (2) resting models. During exercise, group models have low QIC (UTr = 74) for untrained group and predicted MET significantly with two parameters RER and HR (95% CI = 0.009~0.789, p = 0.000*~0.004*) while trained group has QIC (Tr = 187) and predicted MET with RER, HR, SBP, and BL (95% CI = −0.012~0.915, p = 0.000*~0.033*). It explains the difference in correlation between the two groups. As the trained group has more parameters’ correlation which might be due to the previous experience of resistance training and higher loads for three exercises during RM testing (Table 3). Because the higher the lifted load, the greater the metabolic rate will be, so their cardiorespiratory parameters significantly differed from the untrained group (Table 5). Moreover, deadlift and squat exercises are more challenging due to many muscles involved in the lower body (quadriceps and hamstrings) and core (erector spinae and gluteals) than the shoulder press exercise which majorly involves upper body muscles (deltoid, serratus anterior, and latissimus dorsi, etc.). While during the resting period, only BL was significantly related with MET for the training group (QIC = 95, 95% CI = −0.003~0.000, p = 0.045*) but for the untrained group RER, HR, SBP, DBP, and RPE (QIC = 48, 95% CI = −0.024~0.422, p = 0.000*~0.002*) significantly correlated with MET (Table 4). The results of this study observed that during exercise and rest periods, the untrained group has low QIC and more significant p-values than the training group models which are more predictive as per the criteria for evaluating these models [18,20].



The cardiorespiratory variables included in this study were RER, HR, SBP, DBP, BL, and RPE (Table 5). During moderate-intensity interval RT, not all variables have been well-studied in the previous literature for healthy populations. The RER is an indirect measure of the relative utilization of carbohydrates and lipids to overall EE during a steady-state condition. Usually, a high RER reflects carbohydrate oxidation and a low RER indicates lipid oxidation [23]. Therefore, RER during exercise and resting period increased significantly for untrained and trained groups (p = 0.000*~0.002*) for shoulder press and deadlift exercises. However, our study focused on RT protocol and did not include dietary assessment for participants, so the change in RER cannot be explained well.



Interval and RT elicit a greater rise in HR. Fluctuations are seen due to the interruptions in the continuity of the workout modalities [24]. During each repetition, HR responds similarly between eccentric and concentric phases [25]. Hunter et al. [26] reported an increase in heart rate during a traditional resistance training exercise and recovery period as 143 ± 8.0 and 119 ± 12 respectively. In the present study, HR values during exercise and resting period increased in both groups, but this increase was higher for the trained (115.16 ± 3.84 and 105.68 ± 8.30) than the untrained group (109.52 ± 1.13 and 97.94 ± 8.40) for all three exercises during six RT sessions. This increase could be explained by the higher workloads of the training group, which imposed more challenges on the cardiovascular system.



Based on the possible mechanisms for the change in cardiorespiratory variables during resistance training, blood pressure (BP) increases proportionally to the training load. The main reasons for the change in blood pressure are the use of the Valsalva maneuver, muscle mass activation, muscle action, and the intensity/duration of the set [25]. One study reported mean BPs of 320/250 and 345/245 mmHg during high-intensity leg press and squat in trained bodybuilders [27]. During the Valsalva maneuver, breath-holding increases intrathoracic and intra-abdominal pressure that leads to the increase in blood pressure proportionally [28,29]. Resting blood pressure may not be affected or reduced by RT. Strength-trained athletes have resting blood pressure that is average or below average [25]. According to a meta-analysis of the RT literature, SBP and DBP may be decreased by 2–4% [30,31]. In our study, BP was recorded only during resting periods (2–5 min after exercise) as SBP (119.37 ± 6.28 and 138.53 ± 7.39) and DBP (68.96 ± 3.51 and 77.38 ± 2.64) for untrained and training groups, respectively, which followed the same trend from previous studies but a slight increase in SBP was noted for the training group.



The BL can describe the anaerobic component of the RT. It was measured before the start of exercise and 5 min after each exercise for every training session. It changed for all three dumbbell exercises significantly (p = 0.000*~0.006*) in both groups.




5. Limitations and Practical Applications


(1) The sample size of this study was too small (n = 11) so the results cannot be generalized to the large healthy population. In the future, more research with a large sample size will be required to test this relationship including other upper and lower limb RT exercises with different speeds, RM loading, or including training sessions to failure. (2) The energy intake was not monitored in this study, which could also contribute and affect the relationship of MET with cardiorespiratory variables such as RER, HR, SBP, DBP, and BL, etc. An appropriate dietary assessment will be added for a well-controlled exercise study design. (3) The resistance training experience for the training group in this study was only 2 months and should be around 6 months to 1 year for a clearer comparison between healthy control and athletic population to translate study outcomes into the human population. (4) This is an initial pilot study to test the relationship between MET and cardiorespiratory variables through GEE modeling, however, in the future, this protocol will require testing on a large population to confirm this study’s findings.



This is an important area of research to determine the highly related cardiorespiratory variables in designing reliable and accurate exercise protocols for the health and fitness purposes of healthy, obese, and clinical populations.




6. Conclusions


Based on the study’s findings, the cardiorespiratory variables are significantly related to MET. During exercise, RER and HR significantly predicted MET for both groups along with additional parameters of SBP and BL for the training group. While during the resting period, RER, HR, SBP, DBP, and RPE related significantly for untrained and BL for the training group, respectively. The cardiorespiratory variables significantly changed for both groups.
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Figure 1. Study flow diagram. 






Figure 1. Study flow diagram.
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Figure 2. Experiment training protocol. RPE, Borg rate of perceived exertion; systolic and diastolic blood pressure (SBP and DBP); and BL, blood lactate; these were measured a total of four times; before start of training, after exercise 1, exercise 2, and exercise 3. Each exercise set took 30 s and 2 min rest interval between each set and 8 min rest interval between each type of exercise. 
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Table 1. Order of exercise sequences (interval resistance training).






Table 1. Order of exercise sequences (interval resistance training).





	
Exercise Order

	
Training Sessions

	
Exercises




	
1

	
2

	
3






	
Sequence 1

	
Session 1

	
Shoulder press

	
Deadlift

	
Squat




	
Session 2

	
Shoulder press

	
Deadlift

	
Squat




	
Sequence 2

	
Session 3

	
Deadlift

	
Shoulder press

	
Squat




	
Session 4

	
Deadlift

	
Shoulder press

	
Squat




	
Sequence 3

	
Session 5

	
Squat

	
Shoulder press

	
Deadlift




	
Session 6

	
Squat

	
Shoulder press

	
Deadlift








Each exercise was performed with dumbbells on a separate day total consisting of six training sessions.
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Table 2. Study baseline characteristics (n = 11).
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	Groups
	Untrained (n = 5)
	Trained (n = 6)





	Age (years)
	22.00 ± 2.00
	25.83 ± 3.66



	Male/female
	0/5
	4/2



	Weight (kg)
	53.32 ± 3.38
	81.68 ± 19.48



	Height (cm)
	158.60 ± 5.03
	173.33 ± 10.38



	Body mass index (kg/m2)
	21.26 ± 1.66
	26.87 ± 4.54



	% Body fat
	23.60 ± 2.43
	26.22 ± 1.86



	Habitual activity/week (h)
	3.14 ± 0.92
	4.40 ± 1.13



	RM 60% of shoulder press (kg)
	9.10 ± 1.60
	16.08 ± 3.68



	RM 60% of deadlift (kg)
	19.50 ± 4.11
	34.42 ± 3.32



	RM 60 % of squat (kg)
	16.00 ± 2.74
	32.33 ± 3.76







mean ± SD: RM: repetition maximum: Training loads in kilogram (kg) for both side dumbbells.
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Table 3. Generalized estimating equations for metabolic equivalents (METs) prediction during six training sessions (exercise period). (n = 11).
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Groups

	
Model

	
Parameter

	
Estimate (ß)

	
SE

	
95% CI (Lower~Upper)

	
p-Value






	
UTr

(n = 5)

	
Model 1

(QIC 74)

	
Intercept

	
0.443

	
0.527

	
−0.590~1.475

	
0.401




	
RER

	
0.471

	
0.162

	
0.152~0.789

	
0.004 *




	
HR

	
0.016

	
0.004

	
0.009~0.022

	
0.000 *




	
Tr

(n = 6)

	
Model 2

(QIC 187)

	
Intercept

	
2.894

	
0.920

	
1.092~4.697

	
0.002




	
RER

	
0.494

	
0.215

	
0.073~0.915

	
0.021 *




	
HR

	
0.012

	
0.003

	
0.005~0.018

	
0.001 *




	
SBP

	
−0.006

	
0.003

	
−0.011~0.000

	
0.033 *




	
BL

	
−0.008

	
0.002

	
−0.012~−0.004

	
0.000 *








UTr, untrained; Tr, trained groups; * indicates a significant difference p < 0.050. SE, standard error; 95% CI, confidence intervals; QIC, quasi-likelihood under independence model criterion, RER, respiratory exchange ratio; HR, heart rate; SBP, systolic blood pressure; BL, blood lactate.
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Table 4. Generalized estimating equations for metabolic equivalents (METs) prediction during six training sessions (resting period). (n = 11).
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Groups

	
Model

	
Parameter

	
Estimate (ß)

	
SE

	
95% CI (Lower~Upper)

	
p-Value






	
UTr

(n = 5)

	
Model 1

(QIC 48)

	
Intercept

	
1.971

	
0.232

	
1.517~2.426

	
0.000




	
RER

	
0.329

	
0.047

	
0.237~0.422

	
0.000 *




	
HR

	
0.006

	
0.002

	
0.003~0.009

	
0.000 *




	
SBP

	
0.008

	
0.001

	
0.007~0.010

	
0.000 *




	
DBP

	
−0.021

	
0.002

	
−0.024~−0.017

	
0.000 *




	
RPE

	
0.034

	
0.011

	
0.013~0.056

	
0.002 *




	
Tr

(n = 6)

	
Model 2

(QIC 95)

	
Intercept

	
3.610

	
0.116

	
3.383~3.838

	
0.000




	
BL

	
−0.001

	
0.001

	
−0.003~0.000

	
0.045 *








UTr, untrained; Tr, trained groups; * indicates a significant difference p < 0.050. SE, standard error; 95% CI, confidence intervals; QIC, quasi-likelihood under independence model criterion, RER, respiratory exchange ratio; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; BL, blood lactate; RPE, Borg rate of perceived exertion.
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Table 5. Cardiorespiratory variables for three dumbbell exercises (Exercise and resting period). (n = 11).
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Exercise Type

	
During Exercise

	
During Rest




	
Parameter

	
UTr (n = 5)

	
Tr (n = 6)

	
p-Value

	
Parameter

	
UTr (n = 5)

	
Tr (n = 6)

	
p-Value






	
Shoulder Press

	
MET

	
1.30 ± 0.29

	
2.02 ± 0.42

	
0.000 *

	
MET

	
1.36 ± 0.24

	
1.66 ± 0.22

	
0.000 *




	
RER

	
1.15 ± 0.15

	
1.22 ± 0.16

	
0.002 *

	
RER

	
1.06 ± 0.13

	
1.14 ± 0.11

	
0.000 *




	
HR

	
109.39 ± 10.50

	
112.13 ± 17.27

	
0.190

	
HR

	
87.04 ± 11.62

	
95.07 ± 16.84

	
0.000 *




	

	

	

	

	
SBP

	
110.60 ± 5.08

	
128.08 ± 14.04

	
0.000 *




	

	

	

	

	
DBP

	
64.07 ± 9.06

	
73.86 ± 7.38

	
0.000 *




	

	

	

	

	
BL

	
47.83 ± 18.33

	
60.00 ± 23.60

	
0.000 *




	

	

	

	

	
RPE

	
10.40 ± 1.51

	
10.03 ± 1.78

	
0.118




	
Deadlift

	
MET

	
2.71 ± 0.58

	
3.13 ± 0.73

	
0.000 *

	
MET

	
2.73 ± 0.30

	
3.12 ± 0.39

	
0.000 *




	
RER

	
1.04 ± 0.13

	
1.11 ± 0.15

	
0.000 *

	
RER

	
1.01 ± 0.11

	
1.06 ± 0.17

	
0.010 *




	
HR

	
108.21 ± 15.06

	
112.77 ± 13.37

	
0.025 *

	
HR

	
99.28 ± 15.01

	
106.62 ± 18.36

	
0.003 *




	

	

	

	

	
SBP

	
125.00 ± 5.59

	
143.44 ± 13.50

	
0.000 *




	

	

	

	

	
DBP

	
72.17 ± 7.19

	
80.22 ± 6.51

	
0.000 *




	

	

	

	

	
BL

	
49.47 ± 14.86

	
67.92 ± 28.91

	
0.000 *




	

	

	

	

	
RPE

	
10.60 ± 1.90

	
10.69 ± 1.95

	
0.732




	
Squat

	
MET

	
2.70 ± 0.44

	
3.42 ± 0.77

	
0.000 *

	
MET

	
2.97 ± 0.28

	
3.51 ± 0.41

	
0.000 *




	
RER

	
1.11 ± 0.17

	
1.16 ± 0.16

	
0.055

	
RER

	
1.18 ± 0.11

	
1.18 ± 0.13

	
0.962




	
HR

	
110.97 ± 15.00

	
120.57 ± 19.75

	
0.000 *

	
HR

	
107.49 ± 15.48

	
115.34 ±22.17

	
0.005 *




	

	

	

	

	
SBP

	
122.50 ± 7.98

	
144.06 ± 17.81

	
0.000 *




	

	

	

	

	
DBP

	
70.63 ± 5.68

	
78.06 ± 6.63

	
0.000 *




	

	

	

	

	
BL

	
68.93 ± 15.67

	
78.75 ± 30.16

	
0.006 *




	

	

	

	

	
RPE

	
11.07 ± 2.12

	
11.69 ± 2.05

	
0.036 *








One-way ANOVA: Mean ± SD values. UTr, untrained; Tr, trained groups; * indicates a significant difference p < 0.050; RER, respiratory exchange ratio; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; BL, blood lactate; RPE, Borg rate of perceived exertion.
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