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Objective

This network meta-analysis (NMA) was conducted to compare and rank the effects of training interventions including aerobic exercise (AE), resistance training (RT), combined aerobic and resistance training (CT), and high-intensity interval training (HIIT) on vital metabolic indicators in adults with overweight and obesity.





Methods

PubMed, Cochrane, Embase, and Web of Science were searched from 1990 to February 2023. Articles were included if they described randomized controlled trials (RCTs) examining the effects of exercise training on anthropometry parameters, lipid profiles, glucose metabolism, blood pressure, and cardiorespiratory fitness in adults with overweight and obesity. Weighted mean difference with 95% CI was calculated.





Results

A total of 28 studies with 1,620 patients were included. Results revealed that AE exerts best effects on weight loss (−2.35 [−4.05, −0.64]) and body mass index (−0.9 [−1.38, −0.42]), while HIIT is the most effective in reducing waist circumference (−5.93 [10.71, −1.15]), percentage body fat (−3.93 [−5.73, −2.12]), serum triglycerides (−20.55 [−37.20, −3.91]), and fasting blood glucose (−14.31 [−22.47, −6.16]) and improving VO2 max (7.41 [4.37, 10.45]). However, no significant benefit was observed in terms of total cholesterol and blood pressure.





Conclusions

AE is the optimal exercise type for reducing body weight and BMI, while HIIT exerts the most beneficial effects on improving body composition, cardiorespiratory fitness, and metabolic abnormalities in adults with overweight and obesity.





Systematic review registration

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023444322, identifier CRD42023444322.
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1 Introduction

Obesity is predicted to affect nearly 20% of people around the world and is causing a huge burden as a noncommunicable disease (1). Given the enormous personal and medical costs of overweight and obesity, it is urgent for public health policymakers to identify effective interventions.

Owing to the lack of safe and effective drugs for the treatment of obesity, the main interventions for obesity are still diet control and exercise. The main forms of exercise are aerobic exercise (AE), resistance training (RT), combined aerobic and resistance training (CT), and high-intensity interval training (HIIT) (2). According to the recommendation of guidelines of exercise for people with obesity, moderate-intensity AE for at least 300 min per week (3) was the preferred choice. However, the effects of different exercise modalities on body composition, metabolic health, and cardiovascular health in people with obesity were inconsistent. A meta-analysis reported that AE is beneficial for reducing body weight and fat mass, while RT is effective in reducing fat mass (4). Another meta-analysis showed that HIIT was slightly more effective than AE in improving VO2 max (5). Moreover, a meta-analysis of adolescents with obesity has shown that compared with AE alone, CT resulted in greater reductions in LDL levels (6).

Despite the fact that it is well known that exercise is effective in reducing body weight and fat mass and promoting cardiovascular metabolism, a potential drawback is the large weekly time consumption, which totals approximately 300 to 400 min per week. Thus, in recent years, HIIT is being increasingly recommended as an alternative option mainly because it has high efficiency and is time-saving, as lack of time is the main obstacle that prevents people from exercising (7). There is increasingly strong evidence showing that HIIT has better effects on a series of health indicators in both healthy and chronically ill people than continuous moderate-intensity training (8–10). However, in terms of the effects of exercise training on people with overweight and obesity, most studies are pairwise meta-analyses that cannot rank the effectiveness of different trainings.

Different from a conventional meta-analysis, a network meta-analysis (NMA) is a powerful tool for comparing the effectiveness of different interventions as it can combine direct and indirect evidence and allow for the ranking of treatments (11). However, the current available NMA focused only on the effects among AE, RT, and CT, without considering the HIIT. More importantly, it is unclear which type of exercise is most effective for the different metabolic abnormalities in people with overweight and obesity. Therefore, the aims of this NMA were to comprehensively evaluate and rank the effectiveness of exercise across the vital metabolic indicators including anthropometry, glucose homeostasis, lipid profile, and cardiovascular fitness in adults with overweight and obesity.




2 Materials and methods

This systematic review and NMA follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses for Network Meta-Analyses (PRISMA-NMA) (12) and is registered in the PROSPERO database (Registration number: CRD42023444322).



2.1 Literature search strategy

Four electronic databases (PubMed, Cochrane, Embase, and Web of Science) were searched from 1900 to February 2023. The search strategy was based on the PICOS tool: (P) Population: individuals with overweight or obesity; (I) Intervention: exercise; (C) Comparator: no exercise or other exercise modality; (O) Outcomes: body composition, lipid metabolism, glucose metabolism, blood pressure, and VO2 max; (S) Study type: randomized controlled trial (RCT). A complete list of the search terms is available in the Supplementary Materials section (Supplementary Table 1).




2.2 Inclusion and exclusion criteria

Studies were considered eligible for inclusion if the following criteria were met: (1) RCT must be published in English. (2) Participants must be adult individuals with overweight or obesity (BMI ≥25 kg/m2). (3) Studies employed an intervention of AE, RT, CT, or HIIT for at least 4 weeks. The definition of exercise interventions is shown in Supplementary Table 2. (4) Outcome of interest included anthropometry (body weight [BW], body mass index [BMI], waist circumference [WC], and percentage body fat [%BF]), lipid metabolism (triglycerides [TG], total cholesterol [TC], high-density lipoprotein [HDL], and low-density lipoprotein [LDL]), glucose metabolism (fasting blood glucose [FBG], fasting blood insulin [FINS], and homeostatic model assessment for insulin resistance [HOMA-IR]), and cardiovascular function (systolic blood pressure [SBP], diastolic blood pressure [DBP], and VO2 max).

The exclusion criteria were as follows: (1) The intervention was combined with diet control. (2) The subjects were reported to be taking medication or had other noncommunicable diseases, such as cancer, hypertension, and diabetes. (3) Articles that did not include the outcome of interest. (4) Conference abstracts, case reports, and dissertations were excluded. (5) Duplications of the searched studies.

Abstracts and full texts were screened by two authors independently, and any uncertainty was discussed among authors.




2.3 Data extraction

Data were extracted by two authors independently. The following characteristics were extracted: (1) first author; (2) publication year; (3) country; (4) sample size; (5) mean age; (6) characteristics of the participants; (7) outcome measures including BW [kg], BMI [kg/m2], WC [cm], %BF [percentage], TG [mg/dL], TC [mg/dL], LDL [mg/dL], HDL [mg/dL], FBG [mg/dL], FINS [μU/mL], HOMA-IR, SBP [mmHg], DBP [mmHg], and VO2 max [mL/kg·min]; and (8) description of the exercise intervention (type, intensity, duration, and frequency).




2.4 Assessment of study quality

We used the Cochrane Risk of Bias Tool (13) to assess the risk of bias (ROB) of the included studies independently. The following domains were considered: (1) randomization process, (2) treatment allocation concealment, (3) blinding of participants and researchers, (4) blinding of outcome assessment, (5) incomplete outcome data, (6) selective reporting, and (7) other bias.




2.5 Statistical analysis

We use weighted mean difference and 95% confidence interval (CI) to report continuous variables. Review Manager 5.3 was used for the traditional pairwise meta-analysis. Statistical heterogeneity was evaluated using the (I2) statistic: I2 > 50% was considered high heterogeneity and random-effects model was employed; otherwise, the fixed-effects model was adopted. For the NMA, Stata16.0. software package “mvmeta” and “network” was used to analyze indirect comparisons between different interventions.

The network diagram was used to present the relationship between exercise interventions. The node-splitting method and loop inconsistency test were performed to test inconsistency. p > 0.05 indicates that there is no significant inconsistency and the consistency model is chosen; otherwise, the inconsistency model is employed (14, 15).

The effectiveness of different interventions was ranked by using the surface under the cumulative ranking probability diagram (SUCRA) (16). The value of SUCRA is higher, and the effects of interventions are better. League tables were used to present the pair-to-pair comparisons between the exercise interventions.

Furthermore, a comparison-adjusted funnel plot was used to assess publication bias. To explore the heterogeneity, subgroup analyses were performed in pairwise meta-analyses, including different duration of exercise (4–8 weeks as short-term duration and >9 weeks as long-term duration) and mean baseline BMI (25–30 kg/m2 as individuals with overweight and ≥30 kg/m2 as individuals with obesity).





3 Results



3.1 Literature selection

According to the search strategy, 4,381 studies were identified in those four databases. After 1,425 duplicates were removed, 2,956 articles were left to screen the titles and abstracts. After reading the full text of 105 studies, we included 28 RCTs for the NMA. The flowchart of the search and selection process is presented in Figure 1.




Figure 1 | Schema of the search strategy.






3.2 Characteristics of included studies

Table 1 shows the clinical and demographic characteristics of the 28 included studies (17–44). A total of 1,620 participants were enrolled in the NMA; sample size ranged from 21 to 349. As for gender, 15 studies recruited women only and 8 studies recruited men only, and 5 studies included both men and women. Of the total, 75% participants were women. With regard to exercise categories, participants were included in the AE (n = 757), RT (n = 108), CT (n = 107), and HIIT (n = 111) groups, respectively. The duration of the training ranged from 4 weeks to 48 weeks (mostly 12 weeks). The number of weekly sessions was mostly three times a week (n = 20).


Table 1 | Study characteristics.






3.3 Risk of bias and publication bias in the enrolled studies

The summary of the risk of bias assessment is shown in Supplementary Figure 1. In brief, 15 studies showed unclear ROB in random sequence generation, allocation concealment, and blinding of the participants and implementers. All studies showed low ROB in blinding of outcome assessment and selective reporting. Only one study showed risk of other biases. Overall, the quality of the included studies was considered moderate.




3.4 Network meta-analysis and subgroup analyses

Four measures of anthropometry and body composition (BW, BMI, WC, and %BF), three measures of lipid metabolism (TG, HDL, and LDL), three measures of glucose metabolism (FBG, FINS, and HOMA-IR), and one measure of cardiovascular function (VO2 max) were included in the NMA. Table 2 illustrates the results of pair-to-pair comparisons between the exercise interventions. Figure 2 illustrates NMA maps of studies examining the efficacy of exercise modes on 11 indicators. Table 3 presents the rank of exercise interventions in order of effectiveness. The results of subgroup analyses are shown in Supplementary Table 3. The results of interval plot and cumulative ranking probability plots of NMA can be found in Supplementary Figures 2-23. The results of local inconsistency are displayed in Supplementary Figures 24-34. Funnel plot graphics are illustrated in Supplementary Figures 35-45.


Table 2 | Matrix of the network meta-analysis results.






Figure 2 | Network diagram of network meta-analysis comparisons. (A) BW, body weight, (B) BMI, body mass index, (C) %BF, percentage body fat, (D) WC, waist circumference, (E) FBG, fasting blood glucose, (F) FINS, fasting blood insulin, (G) HOMA-IR, (H) TG, triglycerides, (I) HDL, high-density lipoprotein, (J) LDL, low-density lipoprotein, (K) VO2 max. CON, control group; AE, aerobic exercise; RT, resistance training; CT, aerobic combined resistance training; HIIT, high-intensity interval training. The size of the nodes represents the number of participants in an intervention, and the thickness of lines between interventions represents the number of studies that compare them.




Table 3 | Ranking of exercise interventions in order of effective.





3.4.1 Anthropometric and body composition

A total of 22 studies assessed BW and 19 studies assessed BMI. The results of NMA showed that only the AE groups had shown a significantly reduced body weight (−2.35 [−4.05, −0.64]) and BMI (−0.9 [−1.38, −0.42]) compared with control. Moreover, 11 studies assessed WC. The CT (−5.94 [−8.33, −3.55]), HIIT (−5.93 [−10.71, −1.15]), RT (−3.04 [−5.42, −0.67]), and AE (−2.85 [−4.63, −1.08]) demonstrated significantly meaningful reductions in WC compared to the control group (Table 2). CT was the best option for WC reduction (SUCRA = 86.2). The %BF was assessed in 12 studies. HIIT (−3.93 [−5.73, −2.12]), AE (−2.67 [−4.67, −0.67]), and RT (−2.64 [−4.23, −1.06]) resulted in greater changes in %BF than control. HIIT was regarded as the best exercise training for reducing %BF (SUCRA = 92.2) (Table 3). Subgroup analysis showed that short-term exercise could only reduce the %BF (−4.59 [−8.42, −0.76]) while long-term duration of exercise could efficiently reduce body weight, BMI, waist circumference, and %BF. In addition, all exercise could improve anthropometric outcomes for individuals with overweight and obesity (Supplementary Table 3).




3.4.2 Glucose metabolism

The FBG, FINS, and HOMA-IR were reported in 15, 15, and 11 studies. AE (−5.12 [−8.73, −1.51]) and HIIT (−14.31 [−22.47, −6.16]) displayed improvements in FBG relative to control. AE (−2.77 [−4.67, −0.87]) and HIIT (−5.94 [−10.48, −1.40]) resulted in greater reductions in FINS relative to control. Regarding HOMA-IR, only the HIIT (−3.01 [−5.08, −0.94]) showed a marked reduction for HOMA-IR compared with control (Table 2). According to the SUCRA score, HIIT is probably the best for reducing fasting glucose levels (SUCRA = 98.3), fasting insulin levels (SUCRA = 91.9), and HOMA-IR (SUCRA = 98.1) compared with other exercise types (Table 3). The subgroup analysis showed that short-term exercise could just reduce insulin levels (−2.19 [−3.12, −1.26]) while long-term exercise could improve insulin resistance by reducing both insulin levels (−2.53 [−4.34, −0.73]) and HOMA-IR (−0.77 [−1.42, −0.12]) (Supplementary Table 3).




3.4.3 Lipid profile

The TC, LDL, HDL, and TG were included in 10, 10, 11, and 8 studies, respectively. Overall, only HIIT elicited meaningful alterations in TC (−16.29 [−30.62, −1.97]), LDL (−8.67 [−14.82, −2.53]), HDL (8.00 [2.18, 13.82]), and TG (−20.55 ([−7.20, −3.91]) and HIIT was the most favorable intervention for improving lipid metabolism (Tables 2, 3). Subgroup analysis showed that short-term exercise had already changed the lipid profiles by reducing TG and LDL levels and increasing HDL levels. The improvement of lipid metabolism was observed in individuals with overweight but not in individuals with obesity (Supplementary Table 3).




3.4.4 Cardiovascular function

SBP, DBP, and VO2 max were reported in 8, 9, and 13 studies. No meaningful reductions in SBP and DBP were observed in the network comparison. Regarding VO2 max, AE (4.35 [2.61, 6.10]), RT (3.16 [0.59, 5.73]), CT (3.58 [0.60, 6.55]), and HIIT (7.41 [4.37, 10.45]) were the exercise modes increasing VO2 max (Table 2). HIIT (SUCRA = 98.2) ranked the highest (Table 3). The results of subgroup analysis showed that short-term exercise has begun to increase VO2 max (7.87 [4.92, 10.82]). Both individuals with overweight (6.25 [4.12, 8.37]) and obesity (3.24 [1.89, 4.59]) could gain benefits in increasing VO2 max. However, we did not observe any difference in blood pressure in subgroup analysis (Supplementary Table 3).






4 Discussion

This NMA comprehensively analyzed the current studies about exercise interventions for people with overweight and obesity. Our main findings indicate that AE is probably the best choice for reducing body weight and BMI, while HIIT may be the optimum strategy to improve glucose homeostasis, lipid metabolism, and cardiorespiratory fitness.



4.1 Anthropometric and body composition

BW and BMI are often the main endpoints in evaluating obesity. BMI could effectively predict overall mortality but limit the alterations in body composition (45, 46). Therefore, %BF may be considered as a more significant indicator for reflecting the changes in body composition (47). Waist circumference represents the level of visceral fat, which is independently related to all-cause mortality and is considered as a better outcome for predicting the conditions of obesity (48, 49). Our study showed that AE is probably the best in controlling BW and BMI, whereas HIIT could be the optimal exercise intervention for reducing WC and %BF in individuals with overweight and obesity. A recent NMA has shown that CT is the best intervention for reducing WC and %BF with a small reduction in weight loss, but this study did not assess the benefits of HIIT in people with obesity (50). A systematic review comparing HIIT with continuous moderate-intensity training on body composition in adults with overweight and obesity has found that HIIT has similar effects on %BF reduction, but requires ~40% less time commitment (51). Another meta-analysis has reported that HIIT provided nearly 30% more reductions in fat mass than continuous moderate-intensity training (52). The subgroup analysis has found that more than 9 weeks of exercise could effectively improve anthropometric outcomes, and individuals with overweight and obesity could obtain benefits from exercise. In general, our results demonstrated that compared with other types of exercise, AE and HIIT were superior in improving body composition.




4.2 Glucose metabolism

Individuals with overweight or obesity are often associated with poor glycemic control, which increase their risk of developing diabetes (53). Our study has shown that HIIT could be the most effective exercise mode in reducing fasting blood glucose, insulin, and HOMA-IR and exercise is more effective in people with obesity (BMI > 30). This may be because overweight participants had relatively healthy glucose metabolism than people with obesity. Additionally, although previous meta-analysis did not consider the effects of duration of exercise on glucose metabolism, our subgroup analysis has found that 4 to 8 weeks of exercise could lower fasting insulin level.




4.3 Lipid profile

Guidelines from the American College of Sports Medicine (ACSM) have recommended that more than 150 min of moderate-intensity exercise per week can effectively reduce blood lipid levels (3). The results of NMA showed that HIIT is the most effective mode in improving TG, LDL, and HDL levels. Previous studies have suggested that exercise could improve the TG and HDL levels, but seldom alter TC levels (54), which is consistent with our results. Additionally, a previous meta-analysis demonstrated that HIIT could improve the blood lipid metabolism for type 2 diabetes mellitus (55). Although patients with overweight and obesity included in our study had no complications of dyslipidemia, the results have shown that HIIT moderately reduced lipid levels within the normal range, which was beneficial for reducing the risk of cardiovascular disease. Subgroup analysis found that TG, LDL, and HDL levels were improved in short-term exercise, indicating that exercise could improve lipid metabolism before obvious body weight reduction. However, the reductions in TG and LDL levels were only observed in individuals with overweight, indicating that exercise alone has a limited effect on improving lipid metabolism in people with obesity.




4.4 Cardiovascular function

Blood pressure is a commonly assessed measure related to cardiovascular health (56). Many studies have shown that exercise can lower diastolic and systolic blood pressure in people with hypertension (57). For patients with overweight and obesity, we did not find significant changes in blood pressure in both pairwise meta-analysis and subgroup analysis. This may because the baseline of blood pressure in included participants is normal.

Cardiorespiratory fitness (CRF) has long been disregarded as an important moderator of the negative association between mortality and obesity (58). Although increasing studies demonstrated that CRF has a greater impact on morbidity and mortality than body fat percentage (59), most meta-analyses have continued to focus on anthropometric measurements more than CRF when evaluating the effects of exercise for patients with obesity, but have not included CRF in their analyses. Our study has found that all types of exercise can significantly improve CRF, of which HIIT has the highest probability of elevating CRF, followed by AE. One previous meta-analysis has reported that compared with moderate-intensity continuous training, HIIT leads to greater improvement in CRF in children (60). Moreover, another meta-analysis demonstrated that HIIT significantly increases CRF more than continuous moderate-intensity training in patients with chronic diseases (10). Our subgroup analysis found that short-term exercise is enough to increase the VO2 max and the benefits existed in both individuals with overweight and obesity. Overall, HIIT may be the preferred option for improving CRF in patients with overweight and obesity.

Previous studies have mainly focused on the effectiveness of HIIT on CRF; beyond that, our research has found that HIIT is also the optimal choice for improving body composition and glucose and lipid metabolism compared with other exercise modalities. Although HIIT has favorable overall improvements, it may not be suitable for people without training foundation. Considering AE is the best for reducing body weight and BMI, it is necessary to take into account the patient’s physical fitness and personal preferences when health professionals advise on exercise training to improve obesity.





5 Strengths and limitations

There are some strengths in this study. First, the included indicators are comprehensive and can represent the systemic metabolic status of patients effectively. Additionally, we used NMA to evaluate and rank the efficacy of interventions by combining direct and indirect evidence obtained from RCTs. Moreover, we performed subgroup analysis using the mean baseline BMI to explore the different efficacy of exercise on people with overweight and obesity and the duration of exercise to explore how long it takes to get metabolic benefits. However, there are several limitations to our study. First, most of the included RCT had high risks in the blinding of participants, which is unlikely to carry out in this kind of intervention, but because the outcomes were all measured objectively, this ROB does not seem to influence the objective outcomes. Second, owing to the limited number of included studies, we did not consider the sequence and intensity of exercise. Third, because of the limited direct comparisons for some interventions, the results should be interpreted cautiously. Fourth, of all patients included, 75% were women. Owing to the limited number of included studies, it is difficult to conduct subgroup analysis of gender, and considering the imbalance of sex ratios, this result may be more suitable for female patients. Fifth, although the majority (46%) of included patients used AE, there was no significant inconsistency in the effects of different exercises, indicating that the difference in number of people did not significantly affect our conclusions.




6 Conclusion

In summary, our study has demonstrated that different types of exercise have varying efficacy for different metabolic abnormalities. AE produces the best results in reducing BW and BMI, whereas HIIT is most likely the best exercise intervention for improving body composition and systemic metabolic status in adults with overweight and obesity. The findings display a deeper insight into the exercise prescription for individuals with overweight and obesity in the real world.
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- with 5-10 min breaks %BE, VO, max
Mahmoud 39.1 .
2018 Tran 10/10/0 e CON No exercise BW, WG, FBG, FINS,
12 weeks HOMA-IR,
12/12/0 :0301 RT 40%-95% 1RM %BF, VO, max
N'ZC:E“ i‘;".‘h 15/0/15 4> CON No exercise
rica £09 BW, WC, TC, LDL, HDL
12 weeks vo.
S 228 P AE: 75%-80% HR peak, RT: 60%-70% 2max
+07 HR peak
Bladbierg Denmark 12/12/0 a0 CON No exercise
2017 +70
12 weeks BW, BMI
280 ) o
12/12/0 £50 AE Intensity: unclear; endurance training
C“;}(;el;‘"e Usa 44/0/44 CcoN No exercise
58552 48 weeks BMI
35 % Moderate-to-vigorous intensity
aerobic exercise intervention
350 )
Anne 2017 Denmark 16/9/7 75 CON No exercise
24 weeks BW, BMI, VO, max
345
74137137 e AE 50%-70% VO, peak endurance exercise
Yunak USA 12 CON No exercise
2016; 18-65 4 weeks BW, BMI, %BF
15 AE 70% MHR
: ; 308 )
Nina 2015 Chicago 8/0/8 £90 CON No exercise BW, BMI, WC, SBP, DBP,
8 weeks FBG,
10/0/10 30534 RT 85%-95% 10-RM TC,LDL, HDL, %BE
e UsA 8/8/0 2 con No exercise
+1. BW, BMI, WC, SBP, DBP,
12 weeks
oy %BF
28/28/0 i RT 40%-60% 1RM
+39
Therese Northern 45.0 i 5 ;
2014 Fraland 25/8/17 +74 CON Light stretching exercises BMI, WC, SBP, DBP, TC,
24 weeks LDL,
52/11/41 +15502 AE 10-min bouts of brisk walking HDL, TG, %BF
Mahmoud 389 .
ons Iran 11/11/0 i CON No exercise
12/12/0 0.4 RT 40%-95% 1RM
+52 12 weeks BW, WC, %BF, VO, max
55 4 min at 80%-90% MHR, 3-min
10/10/0 et HIT jogging
) at 55%-65% MHR
Neil 2012 Ameri 86/0/86 71 CON N i
= merica pom 0 exercise BW, BMI, WC, FBG,
24 weeks FINS,
572 g’
78/0/78 O AE HR: 50% VO,peak HOMA-IR, VO, tax
Benoit 572 ) BW, BMI, WC, SBP, DBP,
2009 Canada 82/0/82 £61 CON No exercise FBG,
24 weeks FINS, HOMA-IR, TC,
wionsr | 2 AE HR: 50% VO, max LDL, HDE,
+66 TG, VO, max
Brixius 526 )
oot Germany 6/6/0 o CON No exercise
24 weeks SBP, DBP
58.8
14/14/0 e AE pulse 2-4 mmol/L lactate
Thomas . 38.0 +
2006 America 15/0/15 £20 CON No exercise BW, BMI, SBP, DBP, FBG,
48 weeks TC,
380
15/0/15 e RT three sets of 8-10 repetitions DL, HDL, TG, %BF

CON, control group; AE, acrobic exercise; RT, resistance training; CT, aerobic combined resistance training; HIIT, high-intensity interval training BW, body weight; BMI, body mass index; WC,
waist circumference; %BE, percentage body fat; FBG, fasting blood glucose; FINS, fasting blood insulin; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MHR,
maximum heart rate; RM, repetition maximum; HRR heart rate reserve.





