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Chapter 1 
Introduction 
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1.1 General introduction  

 

1.1.1 Obesity 

 The prevalence of overweight and obesity is systematically growing at an alarming rate 

worldwide. More than one in two adults do not have a healthy body mass globally and thus the 

obesity epidemic has seriously expanded over the last decade (1). Obesity is considered a major 

public health issue predisposing to several chronic diseases and pathologies such as 

cardiovascular disease (CVD), insulin resistance, type 2 diabetes mellitus, metabolic 

syndrome, hypertension, respiratory diseases, and various types of cancers (2). Developing 

effective strategies to prevent, manage or treat obesity is important since this particular chronic 

metabolic disease has been reported as one of the greatest public health challenges of the 21st 

century (3). Interestingly, obesity-related diseases represent a substantial burden for the health 

care systems worldwide reaching, only in the United States, $149.4 billion annually (4). 

 Obesity is characterized by excessive accumulation of body fat, usually caused by the 

imbalance between energy intake and expenditure, in favor of the former, over a given period 

of time (5). Persons with obesity are likely to demonstrate high physical inactivity levels, 

reduced physical fitness and function, high metabolic risk, and poor mental health (6, 7, 8). 

More specifically, this population demonstrates biomechanical deficits in activities of daily 

living and reduced passive range of motion in several joints (9) compared to normal weight 

individuals. Such kinetic limitations due to restricted musculoskeletal fitness and mobility 

levels predispose obese individuals to injuries and lead to impaired functionality and reduced 

Institutional Repository - Library & Information Centre - University of Thessaly
15/01/2026 03:44:04 EET - 18.97.14.83







 
 

12 
 

intensity and this may contribute to the alarmingly high rates of inactivity (37). Overall, high-

intensity exercise programs for inactive populations with overweight and obesity demonstrate 

different enjoyment and affective responses compared to normal weight individuals and 

therefore it is not clear if such demanding exercise approaches could be a feasible solution for 

this cohort (38). In general, HIIT regimens indicate better feelings of pleasure when low 

exercise volumes occurred but not in untrained individuals (39). This finding should be taken 

into consideration when prescribing such exercise programs in a real-world gym setting. 

 Recently, a hybrid-type, multicomponent interval training protocol provoked positive 

adaptations to a wide spectrum of health and fitness parameters in previously inactive 

premenopausal women with overweight and obesity. This HIIT-type program improved body 

composition (40), musculoskeletal fitness (41), cardiometabolic (42) and psychological health 

(43) following a 10-month supervised intervention under real conditions. Such a nontraditional, 

intermittent-based exercise mode has been reported as an attractive training approach within 

the health and fitness industry (44, 45). This fact may highlight the need for implementation of 

a multicomponent HIIT-type program for overweight and obese adults (15, 46).    

 

1.2 Dissertation objectives 

 This investigation aimed to examine the efficacy of three different volumes (1, 2, or 3 

sessions/week) of a 1-year intermittent-based, neuromuscular training intervention (DoIT) on 

anthropometrics, body composition, bone health, physical fitness, cardiac morphology and 

function, exercise enjoyment, affective valence, and quality of life in previously inactive, 
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cardiometabolic health-related outcomes in these populations. HYB demonstrated 32% less 

weekly time commitment and an almost four times lower dropout rate compared with CT. A 

subgroup analysis revealed that the effects from different exercise types were mediated by 

gender. 

Conclusions: These findings corroborate the latest international guidelines on physical activity 

and exercise for individuals with overweight/obesity highlighting the importance of a 

multicomponent exercise approach to improve cardiometabolic health. Physicians and 

healthcare professionals should consider these findings when providing exercise prescription 

to adults with overweight/obesity to maximize clinical outcomes. 

PROSPERO registration number: CRD42020202647 
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part of a multicomponent intervention (e.g., diet, exercise intervention); (4) articles that did not 

assess the outcome measures of interest; and (5) studies that used an acute exercise 

intervention. 

 

2.2.4 Study selection 

 Two authors (AB, DD) independently screened the titles and abstracts of potentially 

eligible studies and downloaded the full texts of the remaining articles to assess their eligibility. 

Any discrepancies between the two authors were resolved by discussion and consultation with 

other members of the review team (GSM and IGF). Multiple publications for the same trial 

were collated and the first or most complete report was used as the primary reference. EndNote 

X9 (Clarivate Analytics, Philadelphia, PA) literature management software was used to 

manage the literature search records. 

 

2.2.5 Data extraction 

 Two authors (AB and KP) independently extracted data using Microsoft Excel. Any 

disagreements were resolved by consensus. Data extraction included first author, year of 

publication, country, intervention duration, sample size, participant demographics (e.g., 

gender, mean age, activity level), exercise mode, exercise intervention details (frequency, 

intensity, time, type), and outcome measures reported from each eligible study as shown in 

Table S2. In case of insufficient information, the authors of included studies were contacted 

via email for missing values where required. 
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individual methodological differences among included studies. Therefore, after the initial 

analysis, eligible studies were analyzed by a subgroup analysis by splitting all the participant 

data into a subgroup (gender) to conduct comparisons between women and men investigating 

further outcomes. 

 Statistical analyses were performed using the STATA 13.0 software (StataCorp LLC, 

College Station, TX, USA). A random-effects multivariate NMA was performed within a 

frequentist framework (27, 28). The weighted MD was used for the report of continuous 

variables. The pooled effect estimations were provided with the respective 95% confidence 

interval (95% CI) and 95% prediction interval (95% PI). A visualization tool was used for the 

graphical representation of the network geometry. The network plot consisted of nodes and 

edges that represented the exercise modes and direct comparisons, respectively. Furthermore, 

the weight of nodes was based on the number of allocated participants in that intervention, 

whereas the number of studies assessing a comparison was related to the size of the 

corresponding edge. For every outcome, the role of the direct and indirect evidence in the 

network summary was determined. Once all pairwise summary effects and variances were 

calculated, a weighted squares approach was used for estimation of the contribution plot (27, 

28). Inconsistency was estimated at both global and local levels (29, 30). Global inconsistency 

evaluation was based on the Wald test. Local analysis involved node-splitting and comparison 

of direct and indirect estimates. The SD of the heterogeneity for each pairwise comparison 

(Tau) was also provided. If both assumptions were satisfied, a consistency model was applied. 
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2.3.10 Subgroup analysis 

A total of 2,022 females (32 studies) and 1,244 males (36 studies) were included in the 

subgroup analysis (Figure S14, Table S15). BM was more effectively reduced by CT in both 

males (37.3%) and females (50.8%). INT and HYB were the second most effective modes in 

reducing BM in males (26.8%) and females (28.6%), respectively. BMI was more reduced by 

CT in males (39.3%) and by HYB in females (53.7%). WC was decreased more effectively by 

HYB in females (92.3%) and by INT in males (55.4%). WHR was reduced at a greater extent 

by HYB (99.6%) in females and by CT (53%) in males. BF was more improved by RT (43.6%) 

in males and by HYB (65.5%) in females whereas FFM was more effectively decreased by CT 

(90.4%) in males and by HYB (44.7%) in females.    

 TC was more effectively lowered by CT in females (71.9%) and by RT in males (97%). 

HDL was mostly increased by CT in both males (30%) and females (66.4%) with HYB being 

almost equally effective (28%) to CT in males. Regarding LDL, RT and CT were the most 

effective modalities in males (58.1%) and females (59.3%), respectively. TG were more 

effectively reduced by HYB (40%) in males and by CT (84.5%) in females. 

 HYB had the highest probability of reducing FG in both males (40.5%) and females 

(63.8%). CT (97.2%) and CET (96.2%) were the most effective modes for reducing FI in males 

and females, respectively. HOMA-IR was mostly lowered by INT (73.7%) in males and CET 

in females (100%). 

 CT (38.8%) in males and RT (71.3%) in females showed the highest probability of 

reducing SBP. HYB was more effective in reducing DBP in both males (37.1%) and females 
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(43.4%). RT was more effective (55.9%) in reducing MAP in males (there were no data for 

females). RHR declined more in response to RT (92.5%) in females with all exercise modalities 

being ineffective to reduce RHR in males.  

 Regarding physical fitness, HYB and CT showed the most advantageous changes in 

CRF in males (77.4%) and females (77.9%), respectively. CT elicited the most meaningful 

increases in 1RM-UB (84.5%) and 1RM-LB (92.7%) in males. There was no data on the 

effectiveness of these exercise modes on muscular strength in females.  

 

2.4 Discussion 

 To the best of our knowledge, this is the first attempt to synthesize the available 

evidence about the comparative effectiveness of the most prevalent and widely used exercise 

modalities for cardiometabolic health promotion in adults with overweight/obesity. The main 

findings (Table 3) suggest that CT is the most effective type of exercise for improving BM, 

BF, FFM, TC, LDL, FI, HOMA-IR, SBP, DBP, CRF, 1RM-UB, and 1RM-LB. Of particular 

importance, HYB emerges as a promising modality since it appears to be the most effective 

exercise type for reducing BMI, WC, WHR, and RHR and for increasing HDL. Furthermore, 

INT seems to be the most optimal exercise type for lowering TG and HbA1c, while RT is better 

in comparison to the other studied modes for improving MAP. Surprisingly, CET was not 

ranked as the most efficacious exercise type for improving any cardiometabolic health marker 

in these populations (Figure 3, Table S12). The subgroup analysis revealed that effects of CT 

are more pronounced in males, while HYB induces more cardiometabolic benefits in females.  
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2.4.1 Anthropometry and body composition 

 Body mass, total body fat, and abdominal adiposity are considered crucial predictors of 

cardiometabolic health in adults with overweight/obesity (111). It has been documented that 

modest and non-clinically significant weight loss is observed in response to exercise alone 

(112). Recently, CT has been recommended as a comprehensive physical activity strategy 

against sedentary behavior for various populations to integrate cardiovascular and 

musculoskeletal stimuli into a weekly exercise approach for the masses (113). The findings of 

this study support previous recommendations concerning the importance of CT in reducing 

BM and BF in individuals with excess adiposity (15). This type of training induces favorable 

physiological and hormonal adaptations resulting in increased exercise energy expenditure and 

resting metabolic rate (RMR) and thus promoting a negative energy balance (114). The results 

of this NMA coincide with guidelines for promoting the combined implementation of CET and 

RT as two separate components of the same session or as two exercise modes regularly 

conducted on different days weekly for promoting weight management (7, 8). However, this 

approach is considerably time-consuming thereby affecting exercise enjoyment and preference 

in real-world settings (115). 

 Interestingly, the results of this study suggest that HYB demonstrates increased 

effectiveness in improving anthropometric outcomes (especially BMI, WC, and WHR) 

although it is characterized by a short duration and a novel structure compared to other more 

conventional exercise types. Considering that solely HYB reduced WC by more than 5 cm 
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increasing HDL. Clearly, CET and RT are ranked lower compared to other exercise types for 

improving blood lipid profile in this cohort. These outcomes agree with the current exercise 

prescription guidelines for individuals with overweight/obesity regarding the effectiveness of 

CT on lipid metabolism (8). However, meaningful alterations in blood lipid profile are likely 

to be minor in these populations when comorbidities are not present (8). Although CET and 

INT have been widely investigated, there is inconsistency regarding their effectiveness on 

blood lipids in this cohort (14, 121). Specifically, INT appears to be a promising exercise mode 

for adults with impaired blood lipid metabolism (122, 123), but in this NMA all participants 

were individuals with no diagnosed comorbidities or signs/symptoms of any non-

communicable disease (Table S3). The observation that RT alone is less effective than the other 

exercise modes for inducing favorable changes in several markers of lipid metabolism of 

asymptomatic adults corroborates other findings underlining the non-significant effects of RT 

on blood lipids when compared to controls (9). However, RT induced improved the blood lipid 

profile in sedentary symptomatic individuals with elevated metabolic risk or disease (120).  

 It is difficult to discern the physiological and biological mechanisms responsible for the 

trends observed in this analysis. HYB and INT may result in reduced fatty acid release into the 

circulation because of a reduced blood flow in adipose tissue associated with high 

catecholamine concentrations and an upregulation of adipose tissue lipolysis (14, 121). 

Autonomic nervous system adjustments observed for intermittent exercise protocols may be 

associated with greater cardiovascular and hemodynamic adaptations as well as positive 

alterations in resting blood pressure supporting favorable changes in lipid metabolism in 
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impaired glycemic control due to the increased visceral fat accumulation (125). Thus, HYB 

seems to enhance potential fat redistribution in adults with obesity to a greater extent when 

compared with other exercise types. This data warrants further investigation to determine the 

potential role of acute program variables of exercise training, i.e., intensity, frequency, and 

duration. Specifically, exercise intensity is a key factor in reducing total, subcutaneous and 

abdominal visceral fat in individuals with obesity and poor cardiometabolic health (128). Such 

exercise-induced adaptations have been associated with reduced reactive oxygen species levels 

that potentially cause insulin resistance via a nuclear factor kappa B dependent impairment of 

insulin-stimulated glucose uptake (125). It should also be noted that an exercise-induced rise 

in lactate levels usually seen in response to CT (129), HYB (19), and INT (122) may activate 

some key molecular mechanisms responsible for regulating whole-body glucose homeostasis. 

Increased CRF seen in response to CT, HYB and INT has been linked to increased GLUT4-

mediated glucose transport, oxidative enzyme capacity, and mitochondrial biogenesis (126). 

 

2.4.4 Resting cardiovascular function  

 Arterial blood pressure is a key risk factor for developing CVDs (130). Exercise 

training has been recommended as a tool for arterial blood pressure management (8). The 

results of this NMA ranked CT as the best exercise treatment for lowering SBP and DBP. CET 

and INT demonstrated limited effectiveness compared to the other modalities in altering all 

cardiovascular outcomes investigated by this NMA. These findings are consistent with the 

majority of current evidence regarding the effects of different exercise types on blood pressure, 
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despite the fact that there are no clear data for normotensive individuals with 

overweight/obesity (131). However, CET, RT, and CT exhibit similar effectiveness on blood 

pressure lowering in hypertensive and prehypertensive populations independent of fatness level 

(132).  

 HYB and RT were more beneficial for improving RHR and MAP compared with other 

exercise modes, respectively. Interestingly, HYB has been found to induce favorable changes 

in these cardiovascular outcomes in several populations (65, 117, 127, 133-135), while RT 

appears to be an effective exercise mode for lowering SBP and DBP, but not MAP and RHR 

in healthy adults. Notably, these improvements reported for RT were more pronounced mostly 

in individuals with elevated cardiometabolic risk or disease (9).  

 The potential physiological mechanisms underlying these adaptations of blood pressure 

in response to different exercise types may be linked to improved endothelial function and 

autonomic regulation mainly observed in high-intensity exercise interventions (123, 130). In 

sedentary adults with overweight/obesity, a rise in systemic vascular resistance and resting 

cardiac output may occur resulting in increased risk of stroke (130). Regular exercise has been 

widely documented as an effective strategy for reducing the intrinsic heart rate and the response 

to beta-adrenergic stimulation as well as for increasing the resting parasympathetic tone (136). 

Specifically, exercise training is involved in reductions of systemic vascular resistance, plasma 

noradrenaline levels and plasma renin activity (137). These results that suggest a superiority of 

CT, HYB, and INT over CET and RT in improving resting blood pressure, are supported by 
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 In terms of muscular strength, CT was the best exercise type for increasing both 1RM-

UB and 1RM-LB, although the data related to these particular outcomes were limited in this 

network comparison. Muscular strength is a predictor of all-cause mortality in apparently 

healthy adults (143). Although, there is a lack of evidence regarding the key role of muscular 

strength in cardiometabolic health in individuals with overweight/obesity, positive alterations 

in muscular strength are associated with a lower CVD risk in these populations (143). However, 

multicomponent strategies incorporating a muscle-strengthening component are highly 

recommended (8) and thus CT and HYB may better meet the requirements of recent physical 

activity guidelines (113). In contrast, CET, INT, and RT seem less effective for inducing 

favorable outcomes related to musculoskeletal fitness. The potential mechanisms underlying 

strength increases in response to CT are associated with neural adaptations and the upregulation 

of FFM, adaptations also seen in response to RT (144). These responses are typically induced 

by exercise modalities that also increase muscle fiber activation, mitochondrial biogenesis, and 

glucose transport adults with overweight/obesity (145).  

 

2.4.6 Strengths and limitations 

The strengths of this study are: i) the large sample size (n=4,331) of this systematic and 

comprehensive review may be considered adequately powerful for revealing statistically 

meaningful MD in adults with overweight/obesity; ii) the strict eligibility criteria that were 

applied to all screened articles, ensured that this exhaustive review analyzed data from high-

quality studies comparing the efficacy of five different exercise modes on the full spectrum of 
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1.24 (-2.27, 4.74) 0.43 (-3.28, 4.14) -3.79 (-12.47, 4.90) -0.64 (-4.96, 3.67) 3.98 (1.27, 6.69) CET 

Fasting insulin (mIU/L) 

RT 2.55 (-1.15, 6.24) 6.96 (2.19, 11.73) 0.50 (-2.60, 3.60) 5.36 (2.01, 8.71) -2.06 (-3.25, -0.88) 

-2.55 (-6.24, 1.15) INT 4.41 (0.31, 8.51) -2.05 (-5.74, 1.64) 2.81 (0.52, 5.11) 0.44 (-2.34, 3.22) 

-6.96 (-11.73, -2.19) -4.41 (-8.51, -0.31) HYB -6.46 (-11.23, -1.69) -1.60 (-4.99, 1.80) 0.96 (-2.43, 4.35) 

-0.50 (-3.60, 2.60) 2.05 (-1.64, 5.74) 6.46 (1.69, 11.23) CT 4.86 (1.52, 8.21) 0.00 (-2.48, 2.49) 

-5.36 (-8.71, -2.01) -2.81 (-5.11, -0.52) 1.60 (-1.80, 4.99) -4.86 (-8.21, -1.52) CON 4.96 (1.58, 8.34) 

2.06 (0.88, 3.25) -0.44 (-3.22, 2.34) -0.96 (-4.35, 2.43) -0.00 (-2.49, 2.48) -4.96 (-8.34, -1.58) CET 

Homeostatic model assessment for insulin resistance 

RT -0.58 (-1.18, 0.03) -0.83 (-1.61, -0.05) 0.22 (-0.22, 0.66) -0.55 (-1.13, 0.02) 

0.58 (-0.03, 1.18) INT -0.26 (-1.06, 0.54) 0.80 (0.32, 1.27) 0.02 (-0.55, 0.59) 

0.83 (0.05, 1.61) 0.26 (-0.54, 1.06) CT 1.05 (0.41, 1.70) 0.28 (-0.50, 1.05) 

-0.22 (-0.66, 0.22) -0.80 (-1.27, -0.32) -1.05 (-1.70, -0.41) CON -0.78 (-1.21, -0.34) 

0.55 (-0.02, 1.13) -0.02 (-0.59, 0.55) -0.28 (-1.05, 0.50) 0.78 (0.34, 1.21) CET 

Glycated hemoglobin (%) 

RT -0.58 (-1.05, -0.11) -0.21 (-0.98, 0.56) -0.29 (-0.78, 0.20) -0.16 (-0.47, 0.15) 0.41 (-0.06, 0.88) 

0.58 (0.11, 1.05) INT 0.37 (-0.44, 1.17) 0.29 (-0.23, 0.81) 0.42 (0.07, 0.77) 0.82 (0.35, 1.28) 

0.21 (-0.56, 0.98) -0.37 (-1.17, 0.44) HYB -0.08 (-0.90, 0.74) 0.05 (-0.67, 0.78) 0.45 (-0.31, 1.21) 

0.29 (-0.20, 0.78) -0.29 (-0.81, 0.23) 0.08 (-0.74, 0.90) CT 0.13 (-0.25, 0.51) 0.53 (0.04, 1.02) 

0.16 (-0.15, 0.47) -0.42 (-0.77, -0.07) -0.05 (-0.78, 0.67) -0.13 (-0.51, 0.25) CON 0.40 (0.10, 0.70) 

-0.41 (-0.88, 0.06) -0.82 (-1.28, -0.35) -0.45 (-1.21, 0.31) -0.53 (-1.02, -0.04) -0.40 (-0.70, -0.10) CET 

Systolic blood pressure (mm Hg) 

RT 0.41 (-3.45, 4.27) 1.10 (-3.23, 5.43) -1.76 (-5.59, 2.06) 3.82 (1.53, 6.11) 0.83 (-1.76, 3.42) 

-0.41 (-4.27, 3.45) INT 0.69 (-4.31, 5.69) -2.17 (-7.00, 2.66) 3.41 (0.02, 6.81) 0.42 (-3.24, 4.08) 

-1.10 (-5.43, 3.23) -0.69 (-5.69, 4.31) HYB -2.86 (-8.00, 2.27) 2.72 (-1.02, 6.47) -0.27 (-4.35, 3.82) 

1.76 (-2.06, 5.59) 2.17 (-2.66, 7.00) 2.86 (-2.27, 8.00) CT 5.58 (1.99, 9.18) 2.59 (-1.18, 6.37) 

-3.82 (-6.11, -1.53) -3.41 (-6.81, -0.02) -2.72 (-6.47, 1.02) -5.58 (-9.18, -1.99) CON -2.99 (-5.10, -0.88) 

-0.83 (-3.42, 1.76) -0.42 (-4.08, 3.24) 0.27 (-3.82, 4.35) -2.59 (-6.37, 1.18) 2.99 (0.88, 5.10) CET 

Diastolic blood pressure (mm Hg) 

RT 2.38 (-1.45, 6.21) 0.23 (-4.07, 4.53) -1.74 (-5.50, 2.01) 2.96 (0.70, 5.22) 0.43 (-2.16, 3.01) 

-2.38 (-6.21, 1.45) INT -2.15 (-7.14, 2.83) -4.13 (-8.87, 0.61) 0.58 (-2.80, 3.95) -1.96 (-5.62, 1.70) 

-0.23 (-4.53, 4.07) 2.15 (-2.83, 7.14) HYB -1.98 (-7.03, 3.08) 2.73 (-1.01, 6.46) 0.19 (-3.92, 4.30) 

1.74 (-2.01, 5.50) 4.13 (-0.61, 8.87) 1.98 (-3.08, 7.03) CT 4.70 (1.23, 8.18) 2.17 (-1.56, 5.90) 

-2.96 (-5.22, -0.70) -0.58 (-3.95, 2.80) -2.73 (-6.46, 1.01) -4.70 (-8.18, -1.23) CON -2.53 (-4.70, -0.37) 

-0.43 (-3.01, 2.16) 1.96 (-1.70, 5.62) -0.19 (-4.30, 3.92) -2.17 (-5.90, 1.56) 2.53 (0.37, 4.70) CET 

Mean arterial pressure (mm Hg) 

RT 3.51 (-0.17, 7.20) 4.20 (-2.65, 11.05) 8.20 (0.20, 16.19) 6.20 (1.63, 10.77) 0.52 (-3.15, 4.18) 

-3.51 (-7.20, 0.17) INT 0.68 (-5.57, 6.94) 4.68 (-2.81, 12.18) 2.69 (-0.93, 6.30) -3.00 (-6.15, 0.16) 

-4.20 (-11.05 ,2.65) -0.68 (-6.94, 5.57) HYB 4.00 (-4.31, 12.31) 2.00 (-3.10, 7.11) -3.68 (-9.94, 2.57) 

-8.20 (-16.19, -0.20) -4.68 (-12.18, 2.81) -4.00 (-12.31, 4.31) CT -2.00 (-8.56, 4.56) -7.68 (-15.17, -0.19) 
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Table 3. Ranking of exercise types in order of effectiveness. 

  SUCRA 

(%) 

Ranka 

(%) 

Mean 

Rank 

  SUCRA 
(%) 

Rank  
(%) 

Mean 

Rank 

  SUCRA 

(%) 

Rank  

(%) 

Mean 

Rank 

  SUCRA 

(%) 

Rank  

(%) 

Mean 

Rank 

Body mass Body Fat Fat-free mass Body mass index 

CT 77.0 37.4 2.1 CT 71.3 40.8 2.4 CT 83.7 55.4 1.8 HYB 61.7 33.9 2.9 

HYB 63.7 29.5 2.8 HYB 69.1 35.4 2.5 RT 77.4 24.7 2.1 CT 67.4 30.0 2.6 

INT 65.4 18.2 2.7 RT 59.2 13.2 3.0 HYB 60.3 17.1 3.0 CET 74.9 26.2 2.3 

CET 70.3 14.9 2.5 INT 56.5 9.9 3.2 INT 35 2.8 4.2 RT 52 9.2 3.5 

RT 22.5 0 4.9 CET 42.9 0.7 3.9 CET 22.4 0 4.9 CON 40 0.7 4.0 

CON 1.1 0 5.9 CON 0.9 0 6.0 CON 21.1 0 4.9 INT 4 0.1 5.8 

Waist circumference Waist-to-hip ratio Triglycerides Total cholesterol  

HYB 97 92.9 1.2 HYB 85.1 62.0 1.7 INT 75.7 40.7 2.2 CT 98.9 95.3 1.1 

CT 62.6 3.1 2.9 CT 53.1 16.6 3.3 CT 74.6 29.2 2.3 HYB 42.6 2.6 3.9 

INT 51.1 2.7 3.4 INT 64.9 15.5 2.8 HYB 73.9 29.2 2.3 CET 65.9 1.2 2.7 

CET 56.4 1.2 3.2 RT 50.4 5.1 3.5 RT 14.4 0.6 5.3 INT 43.1 0.9 3.8 

RT 32.9 0.1 4.4 CET 43.2 0.8 3.8 CET 33.1 0.2 4.3 RT 23 0 4.8 

CON 0 0 6.0 CON 3.3 0 5.8 CON 28.3 0 4.6 CON 26.6 0 4.7 

High-density lipoprotein Low-density lipoprotein Fasting glucose Fasting insulin 

HYB 56.3 27.4 3.2 CT 98.1 92.5 1.1 HYB 84.2 69.0 1.8 CT 96.2 86.0 1.2 

CT 63.9 25.7 2.8 HYB 44 3.8 3.8 CT 66.2 17.1 2.7 INT 76.4 12.9 2.2 

RT 69 24.4 2.6 INT 48 2.6 3.6 CET 58.5 6.7 3.1 CET 63.3 0.7 2.8 

CET 63.3 14.8 2.8 CET 59.1 1.0 3.0 INT 51.2 5.5 3.4 RT 35.7 0.3 4.2 

INT 39 7.8 4.0 RT 24.5 0.2 4.8 RT 38.1 1.7 4.1 HYB 7.1 0.1 5.6 

CON 8.5 0 5.6 CON 26.2 0 4.7 CON 1.9 0 5.9 CON 21.2 0 4.9 

HOMA-IR Glycated hemoglobin Systolic blood pressure Diastolic blood pressure 

CT 86.8 65.2 1.5 INT 93.2 72.2 1.3 CT 87.6 65.4 1.6 CT 88.1 65.1 1.6 
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INT 69.2 19.4 2.2 HYB 55.2 17.6 3.2 INT 55.6 13.6 3.2 HYB 59.1 18.3 3.0 

CET 67 15.3 2.3 CT 66.1 9.9 2.7 RT 64.1 10.2 2.8 RT 64.8 10.5 2.8 

RT 22.8 0/1 4.1 RT 30.4 0.2 4.5 HYB 44.5 8.9 3.8 CET 56.1 4.4 3.2 

CON 4.3 0 4.8 CON 50.9 0.1 3.5 CET 46.2 1.9 3.7 INT 22.5 1.7 4.9 

    CET 4.2 0 5.8 CON 2.1 0 5.9 CON 9.4 0 5.5 

Mean arterial pressure Resting heart rate Cardiorespiratory fitness Upper body muscular strength 

RT 88.5 56.0 1.6 HYB 87.3 65.2 1.6 CT 75.2 45.0 2.2 CT 97.2 89.6 1.1 

CET 84.2 34.6 1.8 INT 58.1 11.5 3.1 HYB 78.0 38.3 2.1 RT 74.8 9.9 2.0 

HYB 45.4 7.8 3.7 RT 54 9.6 3.3 INT 66.3 14.2 2.7 INT 23.1 0.5 4.1 

CT 12.2 1.1 5.4 CT 36.3 8.3 4.2 CET 56.4 2.2 3.2 CET 35.1 0.1 3.6 

INT 49.1 0.4 3.5 CET 55.5 5.4 3.2 RT 23.4 0.2 4.8 CON 19.7 0 4.2 

CON 20.6 0 5.0 CON 8.8 0 5.6 CON 0.6 0 6.0     

Lower body muscular strength 

CT 100 99.8 1.0 

HYB 49.4 0.1 3.5 

INT 26.8 0.1 4.7 

CET 66.3 0 2.7 

RT 48.2 0 3.6 

CON 9.3 0 5.5 

CON, control; CET, continuous endurance training; INT, interval training; RT, resistance training; CT, combined training; HYB, hybrid-type training; SUCRA, surface 

under the cumulative ranking curve; HOMA-IR, homeostatic model assessment for insulin resistance. 

a rank probability ranges from 0 to 100, where higher value indicates best intervention and lower value indicates worst intervention. 
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Figure 1. PRISMA flow diagram of each stage of the study selection. 
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Figure 2. Evidence network diagram of network meta-analysis comparisons. Each node 

represents one exercise type. The size of the node is proportional to the number of 

participants randomized to that exercise type, and the width of the edge is proportional to 

the number of trials comparing two exercise types.  

 

 

(A) body mass, (B) body fat percentage, (C) fat-free mass, (D) body mass index, (E) waist 

circumference, (F) waist-to-hip ratio, (G) triglycerides, (H) total cholesterol, (I) high-density 

lipoprotein, (J) low-density lipoprotein, (K) fasting glucose, (L) fasting insulin, (M) homeostatic 

model assessment for insulin resistance, (N) glycated hemoglobin, (O) systolic blood pressure, (P) 

diastolic blood pressure, (Q) mean arterial pressure, (R) resting heart rate, (S) cardiorespiratory 

fitness, (T) upper body muscular strength, (U) lower body muscular strength. CON, control; CET, 

continuous endurance training; INT, interval training; RT, resistance training; CT, combined 

training; HYB, hybrid-type training. 
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Figure 3. Graphic overview of overall rankings of exercise types. Mean exercise intensity 

(% HRmax), frequency (d/wk), and total weekly time commitment (min/wk) are displayed 

for each exercise mode. 

 

HRmax, maximal heart rate; 1RM, one repetition maximum; CET, continuous endurance training; 

INT, interval training; RT, resistance training; CT, combined training; HYB, hybrid-type training. 
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2.7 Supplementary material 
 

Table S1. Search algorithms and results 

Search Query (developed for MEDLINE and modified for Embase, Scopus, and Web of Science) Items found 
71 Search (69 NOT 70)  309 
70 Search animals[MeSH Terms] OR adolescent[MeSH Terms] OR 

child[MeSH Terms] OR youth[Title/Abstract] OR elderly[MeSH 
Terms] OR aged[MeSH Terms] OR older adults[Title/Abstract] 

 23512709 

69 Search (4 AND 42 AND 68) 1404 
68 Search (43 OR 44 OR 45 OR 46 OR 47 OR 48 OR 49 OR 50 OR 

51 OR 52 OR 53 OR 54 OR 55 OR 56 OR 57 OR 58 OR 59 OR 
60 OR 61 OR 62 OR 63 OR 64 OR 65 OR 66 OR 67) 

786184 

67 Search cardiorespiratory fitness[Title/Abstract] 5302 
66 Search aerobic capacity[Title/Abstract]  5355 
65 Search VO2max[Title/Abstract]  10814 
64 Search high-density lipoprotein[Title/Abstract]  50295 
63 Search low-density lipoprotein[Title/Abstract]  68014 
62 Search total cholesterol[Title/Abstract]  51618 
61 Search triglycerides[Title/Abstract]  63772 
60 Search HbAc1[Title/Abstract]  37 
59 Search glycosylated hemoglobin[Title/Abstract]  7655 
58 Search HOMA-IR[Title/Abstract]  11788 
57 Search insulin[Title/Abstract]  362820 
56 Search fasting blood glucose[Title/Abstract]  12254 
55 Search resting blood pressure[Title/Abstract]  1421 
54 Search resting heart rate[Title/Abstract]  3786 
53 Search adiposity[Title/Abstract]  25097 
52 Search adipose tissue[Title/Abstract]  72320 
51 Search lean body mass[Title/Abstract]  7716 
50 Search fat mass[Title/Abstract]  21262 
49 Search body fat[Title/Abstract]  32463 
48 Search waist-to-hip ratio[Title/Abstract]  5810 
47 Search hip circumference[Title/Abstract]  2839 
46 Search waist circumference[Title/Abstract]  27540 
45 Search body mass index[Title/Abstract]  187962 
44 Search body mass[Title/Abstract] 220015 
43 Search body composition[Title/Abstract]  37162 
42 Search (5 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 

OR 15 OR 16 OR 17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23 
OR 24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 30 OR 31 OR 32 
OR 33 OR 34 OR 35 OR 36 OR 37 OR 38 OR 39 OR 40 OR 41) 

 24136 

41 Search endurance and weight training[Title/Abstract] 104 
40 Search endurance and strength training[Title/Abstract]  1,081 
39 Search endurance and resistance training[Title/Abstract]  116 
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38 Search aerobic and strength training[Title/Abstract]  4300 
37 Search aerobic and resistance training[Title/Abstract]  7497 
36 Search aerobic and weight training[Title/Abstract]  735 
35 Search combined training[Title/Abstract]  487 
34 Search concurrent training[Title/Abstract] 295 
33 Search resistance training[Title/Abstract] 8388 
32 Search strength training[Title/Abstract]  5316 
31 Search weight training[Title/Abstract]   1055 
30 Search aerobic training[Title/Abstract] 2533 
29 Search endurance training[Title/Abstract]  4746 
28 Search moderate-intensity continuous training[Title/Abstract]  333 
27 Search HIIE[Title/Abstract] 222 
26 Search HIIT[Title/Abstract]  1154 
25 Search sprint interval training[Title/Abstract] 311 
24 Search high-intensity intermittent exercise[Title/Abstract]  256 
23 Search high intensity intermittent training[Title/Abstract]  81 
22 Search high intensity interval exercise[Title/Abstract]  369 
21 Search high intensity interval training[Title/Abstract]  1797 
20 Search interval exercise[Title/Abstract] 701 
19 Search interval training[Title/Abstract 2929 
18 Search small-sided games[Title/Abstract] 329 
17 Search recreational rugby[Title/Abstract] 7 
16 Search recreational handball[Title/Abstract] 690 
15 Search recreational basketball[Title/Abstract] 28 
14 Search recreational soccer[Title/Abstract]  5 
13 Search recreational football[Title/Abstract]  59 
12 Search whole-body high-intensity training[Title/Abstract]  26 
11 Search crossfit[Title/Abstract] 180 
10 Search HIFT[Title/Abstract] 43 
9 Search high-intensity functional training[Title/Abstract] 57 
8 Search cardioresistance training[Title/Abstract] 2 
7 Search integrated neuromuscular training[Title/Abstract] 3 
6 Search multi-modal training[Title/Abstract]  15 
5 Search multimodal training[Title/Abstract]  101 
4 Search (1 OR 2 OR 3) 325946 
3 Search overweight[Title/Abstract] 70949 
2 Search obese[Title/Abstract] 127876 
1 Search obesity[Title/Abstract] 254841 
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Figure S4. Summary of the risk of bias assessment. 
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Table S5. Rias of bias assessment results 
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Figure S6. Contribution plots of direct and indirect evidence.  

(A) body mass, (B) body fat percentage, (C) fat-free mass, (D) body mass index, (E) waist 
circumference, (F) waist-to-hip ratio, (G) triglycerides, (H) total cholesterol, (I) high-density 
lipoprotein, (J) low-density lipoprotein, (K) fasting glucose, (L) fasting insulin, (M) 
homeostatic model assessment for insulin resistance, (N) glycated hemoglobin, (O) systolic 
blood pressure, (P) diastolic blood pressure, (Q) mean arterial pressure, (R) resting heart rate, 
(S) cardiorespiratory fitness, (T) upper body muscular strength, (U) lower body muscular 
strength. 
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(B)
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 (E) 
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(J)  
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 (K) 
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(L)   
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INT RT 2.44 0.80 0.62 0.50 1.82 0.95 0.05 0.87 
BODY MASS INDEX                                                                           Overall Wald test for inconsistency: p=0.96 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 0.83 0.17 0.88 0.59 -0.05 0.62 0.94 0.60 

CET CT -0.21 0.48 0.42 0.34 -0.63 0.59 0.28 0.58 

CET HYB 0.12 0.52 -0.24 0.55 0.36 0.77 0.64 0.59 

CET INT -0.34 0.72 0.66 0.45 -1.00 0.85 0.24 0.59 

CET RT 0.28 0.32 0.42 0.38 -0.14 0.49 0.78 0.59 

CON CT* -0.48 0.26 -1.85 0.75 1.37 0.79 0.09 0.56 

CON HYB* -0.80 0.39 -1.42 0.98 0.63 1.06 0.55 0.59 

CON INT* -0.30 0.39 -1.87 1.32 1.57 1.41 0.27 0.59 

CON RT* -0.48 0.24 -0.56 0.61 0.07 0.66 0.91 0.60 

CT RT 0.46 0.51 -0.06 0.40 0.52 0.65 0.42 0.59 

WAIST CIRCUMFERENCE                                                               Overall Wald test for inconsistency: p=0.94 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 3.82 0.66 2.95 1.96 0.87 2.08 0.68 2.28 

CET CT -0.44 1.41 -0.12 1.23 -0.32 1.87 0.87 2.29 

CET INT -0.34 2.20 0.38 1.51 -0.72 2.66 0.79 2.28 

CET RT 0.71 0.91 0.82 1.39 -0.11 1.66 0.95 2.29 

CON CT* -4.01 0.85 -3.75 2.3 -0.27 2.49 0.92 2.29 

CON HYB* -8.30 2.54 -9.12 1.86 0.82 1.86 0.99 2.26 

CON INT* -3.26 1.30 -5.20 3.10 1.93 3.42 0.57 2.29 

CON RT* -3.19 0.69 -1.42 1.92 -1.77 2.05 0.39 2.27 

CT RT 1.56 1.42 0.54 1.26 1.02 1.90 0.59 2.28 

INT RT 1.56 2.51 0.24 1.48 1.32 2.91 0.65 2.29 
WAIST-TO-HIP RATIO                                                                       Overall Wald test for inconsistency: p=0.07 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 0.01 0.01 0.01 0.01 0.00 0.01 0.91 0.02 

CET HYB -0.01 0.02 -0.02 0.01 0.01 0.02 0.81 0.02 

CET INT 0.00 0.01 -0.01 0.01 0.01 0.01 0.49 0.02 

CET RT 0.00 0.01 0.00 0.01 0.00 0.01 0.93 0.02 

CON CT* -0.01 0.01 -0.02 0.02 0.01 0.03 0.62 0.02 

CON HYB* -0.02 0.01 -0.04 0.02 0.02 0.03 0.50 0.02 

CON INT* -0.01 0.01 -0.02 0.02 0.01 0.02 0.68 0.02 

CON RT* -0.01 0.01 0.00 0.01 -0.02 0.02 0.33 0.02 

INT RT 0.03 0.02 0.00 0.01 0.03 0.02 0.06 0.02 
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TRIGLYCERIDES                                                                                    Overall Wald test for inconsistency: p<0.001 => Inconsistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 10.57 10.86 -34.95 31.89 45.51 33.64 0.18 40.63 

CET CT -6.43 21.51 -32.93 26.07 26.50 33.68 0.43 41.45 

CET INT -15.18 32.98 18.91 20.06 -34.09 38.47 0.38 41.32 

CET RT 4.24 19.24 19.21 20.93 -14.97 28.45 0.60 41.75 

CON CT* -31.89 16.37 23.11 36.54 -54.99 39.78 0.17 40.68 

CON HYB* -27.37 27.08 -6.91 1015.19 -20.46 1015.56 0.98 41.24 

CON INT* 14.19 14.37 -105.68 45.00 119.87 46.92 0.01 38.22 

CON RT* 10.88 12.65 -35.70 34.04 46.58 36.37 0.20 40.95 

CT RT 12.65 24.99 43.57 24.83 -30.92 35.11 0.38 41.33 

INT RT 20.64 44.08 -2.72 20.20 23.36 48.48 0.63 41.70 
TOTAL CHOLESTEROL                                                                            Overall Wald test for inconsistency: p=0.75 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 7.16 4.51 3.53 12.44 3.64 13.21 0.78 16.81 

CET CT -16.30 8.90 -12.29 10.48 -4.01 13.75 0.77 16.83 

CET HYB 3.85 17.00 4.23 10.10 -0.38 19.79 0.99 16.82 

CET INT 15.53 12.21 -0.42 7.70 15.96 14.47 0.27 16.60 

CET RT 6.78 7.89 8.40 7.94 -1.62 11.19 0.89 16.83 

CON CT* -22.15 6.70 -16.85 15.90 -5.30 17.20 0.76 16.78 

CON HYB* -2.96 8.18 2.35 30.81 -5.31 31.90 0.87 16.82 

CON INT* -3.94 5.91 7.03 16.35 -10.97 17.47 0.53 16.75 

CON RT* -0.07 4.88 7.54 13.16 -7.61 14.03 0.59 16.76 

CT RT 26.64 12.88 20.14 8.79 6.50 15.60 0.68 16.78 

INT RT 9.90 9.95 -1.35 8.63 11.25 13.17 0.39 16.67 
HIGH-DENSITY LIPOPROTEIN                                                               Overall Wald test for inconsistency: p=0.59 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* -1.98 1.07 -4.60 3.03 2.61 3.19 0.41 4.08 

CET CT 0.23 1.98 -0.17 2.57 0.40 3.22 0.90 4.10 

CET HYB 0.00 4.17 -0.25 2.51 0.25 4.87 0.96 4.11 

CET INT -3.41 3.12 -0.05 2.01 -3.36 3.72 0.37 4.06 

CET RT -0.29 1.70 1.05 2.08 -1.34 2.70 0.62 4.10 

CON CT* 3.06 1.54 -1.40 3.47 4.46 3.77 0.24 4.01 

CON HYB* 1.88 2.04 4.72 7.52 -2.85 7.79 0.72 4.10 

CON INT* 0.82 1.55 4.46 4.49 -3.64 4.76 0.44 4.07 

CON RT* 2.69 1.18 1.17 3.21 1.52 3.43 0.66 4.10 

CT RT 2.10 2.53 -1.29 2.18 3.39 3.32 0.31 4.04 

INT RT -2.74 3.00 3.15 2.05 -5.89 3.63 0.11 3.98 
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LOW-DENSITY LIPOPROTEIN                                                        Overall Wald test for inconsistency: p=0.32 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 2.51 3.15 11.68 8.85 -9.17 9.43 0.33 10.82 

CET CT -4.87 5.94 -19.79 7.74 14.92 9.71 0.12 10.57 

CET HYB -3.84 11.24 3.74 6.97 -7.58 13.24 0.57 11.05 

CET INT 0.03 11.45 1.45 5.36 -1.42 12.64 0.91 11.11 

CET RT 8.24 5.25 -0.59 5.41 8.84 7.54 0.24 10.72 

CON CT* -15.30 5.03 -7.68 11.07 -7.62 12.08 0.53 11.05 

CON HYB* -1.52 5.57 -7.57 20.60 6.05 21.34 0.78 11.10 

CON INT* -2.36 4.28 -2.51 12.36 0.15 13.05 0.99 11.10 

CON RT* -0.27 3.34 5.21 9.29 -5.48 9.90 0.58 11.04 

CT RT 18.49 9.08 12.41 6.36 6.08 11.04 0.58 11.01 

INT RT 6.89 6.88 -0.75 6.35 7.65 9.35 0.41 11.02 
FASTING GLUCOSE                                                                            Overall Wald test for inconsistency: p=0.55 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 4.57 1.46 -0.49 4.05 5.06 4.32 0.24 5.3 

CET CT 0.32 3.19 -1.55 3.09 1.87 4.43 0.67 5.4 

CET INT -1.78 2.73 2.44 2.60 -4.22 3.77 0.26 5.3 

CET RT 3.09 2.31 -1.44 2.78 4.53 3.61 0.21 5.3 

CON CT* -5.60 2.10 1.42 5.18 -7.02 5.58 0.21 5.3 

CON HYB* -7.77 4.21 -6.27 287.33 -1.50 287.37 1.00 5.34 

CON INT* -3.45 1.76 -4.21 4.70 0.76 5.04 0.88 5.41 

CON RT* -3.77 1.62 3.62 4.01 -7.39 4.32 0.09 5.24 

CT RT 0.01 3.32 3.64 3.21 -3.63 4.65 0.44 5.37 

INT RT 1.76 3.27 0.20 2.59 1.57 4.17 0.71 5.4 

FASTING INSULIN                                                                            Overall Wald test for inconsistency: p=0.05 => Inconsistency model 
 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 1.56 0.52 1.87 1.63 -0.32 1.73 0.85 1.84 

CET CT -2.75 1.86 -1.50 1.11 -1.25 2.17 0.56 1.84 

CET INT -0.16 0.98 0.50 1.03 -0.65 1.43 0.65 1.83 

CET RT 0.15 0.96 0.99 0.98 -0.84 1.37 0.54 1.83 

CON CT* -3.24 0.90 -5.08 2.77 1.84 2.92 0.53 1.83 

CON HYB* 1.60 1.96 -3.57 68.07 5.17 68.11 0.94 1.81 

CON INT* -1.56 0.71 -0.70 1.76 -0.86 1.92 0.66 1.84 

CON RT* -0.54 0.60 -4.22 1.54 3.68 1.66 0.03 1.70 

CT RT -0.50 1.72 3.60 1.12 -4.10 2.05 0.05 1.71 

INT RT -1.20 1.33 1.27 0.99 -2.47 1.65 0.14 1.80 
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HOMA-IR                                                                                                         Overall Wald test for inconsistency: p=0.88 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 0.78 0.24 0.77 0.68 0.01 0.72 0.99 0.57 

CET INT -0.27 0.40 0.25 0.42 -0.53 0.57 0.36 0.55 

CET RT 1.05 0.60 0.40 0.34 0.65 0.69 0.35 0.56 

CON CT* -1.05 0.33 -1.51 5.61 0.46 5.62 0.94 0.56 

CON INT* -0.80 0.27 -0.83 0.73 0.03 0.78 0.97 0.58 

CON RT* -0.19 0.24 -0.55 0.84 0.36 0.87 0.68 0.57 

INT RT -0.10 0.55 0.85 0.36 -0.95 0.66 0.15 0.54 
GLYCATED HEMOGLOBIN                                                                   Overall Wald test for inconsistency: p=0.155 => Inconsistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* -0.40 0.27 0.00 0.59 -0.40 0.65 0.54 0.26 

CET RT* -0.24 0.27 -0.61 0.60 0.37 0.66 0.58 0.26 

CON CT* -0.13 0.25 0.68 18.98 -0.81 18.98 0.97 0.21 

CON HYB* -0.08 0.21 0.68 6.32 -0.76 6.32 0.90 0.21 

CON INT* -0.42 0.10 0.40 0.18 -0.82 0.22 0.00 0.00 

CON RT* 0.04 0.13 -0.73 6.00 0.77 6.00 0.90 0.21 

INT RT* 0.17 0.08 0.99 0.21 -0.82 0.22 0.00 0.00 

SYSTOLIC BLOOD PRESSURE                                                                 Overall Wald test for inconsistency: p=0.738 => Consistency model 
 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 3.11 1.15 1.92 3.42 1.19 3.61 0.74 3.46 

CET CT -2.54 2.49 -2.70 3.19 0.15 4.05 0.97 3.47 

CET HYB -0.04 3.53 0.47 2.66 -0.51 4.43 0.91 3.48 

CET INT -0.02 2.60 -0.85 2.77 0.82 3.79 0.83 3.46 

CET RT -0.21 1.56 -2.55 2.58 2.34 3.01 0.44 3.44 

CON CT* -4.89 2.08 -8.26 4.04 3.38 4.53 0.46 3.43 

CON HYB* -3.01 2.03 0.36 6.53 -3.37 6.85 0.62 3.45 

CON INT* -3.54 1.91 -2.62 4.53 -0.91 4.90 0.85 3.47 

CON RT* -4.34 1.23 0.63 3.58 -4.98 3.78 0.19 3.38 

CT RT 2.48 2.47 0.51 3.28 1.97 4.11 0.63 3.44 

INT RT 0.05 3.69 -0.64 2.41 0.69 4.42 0.88 3.48 
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DIASTOLIC BLOOD PRESSURE                                                      Overall Wald test for inconsistency: p=0.59 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 2.84 1.18 0.19 3.28 2.64 3.48 0.45 3.58 

CET CT -1.45 2.58 -3.11 2.92 1.67 3.90 0.67 3.63 

CET HYB -0.03 3.68 -0.26 2.63 0.23 4.52 0.96 3.64 

CET INT 2.00 2.63 1.92 2.77 0.08 3.82 0.98 3.64 

CET RT -0.22 1.55 -1.06 2.67 0.84 3.09 0.79 3.64 

CON CT* -4.48 2.00 -5.75 4.20 1.27 4.66 0.78 3.63 

CON HYB* -3.19 2.00 2.54 6.71 -5.73 7.01 0.41 3.58 

CON INT* -1.37 1.84 4.09 4.46 -5.46 4.82 0.26 3.53 

CON RT* -3.20 1.20 -0.78 3.66 -2.42 3.86 0.53 3.61 

CT RT 1.59 2.58 1.95 2.98 -0.36 3.95 0.93 3.64 

INT RT -5.00 3.68 -1.35 2.32 -3.65 4.36 0.40 3.58 
MEAN ARTERIAL PRESURE                                                            Overall Wald test for inconsistency: p=0.24 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 6.00 0.58 -1.99 6.78 7.99 6.80 0.24 0.01 

CET INT* 3.00 1.61 -6.64 2.30 9.64 2.30 0.97 1.48 

CET RT* -1.00 1.02 6.98 6.63 -7.98 6.81 0.24 0.02 

CON CT* 2.00 3.35 -11.55 4.48 13.55 4.48 0.98 1.48 

CON HYB* -2.00 2.61 -10.87 3.06 8.87 3.06 0.98 1.48 

CON INT* -3.00 0.60 5.00 6.82 -8.00 6.84 0.24 0.01 

CON RT* -6.20 2.33 4.16 2.53 -10.36 2.53 0.97 1.48 

INT RT* -4.00 1.03 4.00 6.78 -8.00 6.96 0.25 0.04 
RESTING HEART RATE                                                                     Overall Wald test for inconsistency: p=0.89 => Consistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* 2.49 1.61 6.73 4.49 -4.24 4.77 0.37 3.83 

CET CT 1.10 3.92 1.76 4.87 -0.66 6.26 0.92 3.91 

CET HYB 0.00 3.84 -4.59 3.28 4.60 5.05 0.36 3.81 

CET INT 0.70 2.77 -1.45 3.29 2.15 4.30 0.62 3.89 

CET RT 2.85 2.50 -4.60 3.33 7.45 4.16 0.07 3.50 

CON CT* -0.82 3.29 -4.57 6.33 3.74 7.14 0.60 3.89 

CON HYB* -6.44 2.27 2.72 7.23 -9.16 7.58 0.23 3.70 

CON INT* -3.23 2.00 -2.65 5.45 -0.58 5.81 0.92 3.93 

CON RT* -3.66 2.11 1.57 5.00 -5.23 5.42 0.34 3.80 

CT RT -0.40 3.92 -2.93 5.38 2.53 6.66 0.70 3.89 

INT RT 2.00 3.93 -0.90 3.23 2.90 5.09 0.57 3.90 
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CARDIORESPIRATORY FITNESS                                              Overall Wald test for inconsistency: p<0.001 => Inconsistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* -4.78 0.49 -0.51 1.77 -4.27 1.84 0.02 2.62 

CET CT -0.17 1.41 0.39 1.47 -0.56 2.03 0.78 2.73 

CET HYB 1.22 1.98 0.74 1.49 0.48 2.48 0.85 2.73 

CET INT 2.26 1.11 -1.50 1.04 3.76 1.52 0.01 2.60 

CET RT 0.00 1.10 -3.39 1.36 3.39 1.75 0.05 2.64 

CON CT* 4.85 1.07 3.24 2.33 1.62 2.55 0.53 2.72 

CON HYB* 5.28 1.19 6.31 3.58 -1.03 3.79 0.79 2.73 

CON INT* 4.21 0.74 8.49 2.01 -4.28 2.15 0.05 2.64 

CON RT* 2.96 0.94 3.80 1.89 -0.84 2.12 0.69 2.73 

CT RT -1.91 1.61 -0.94 1.70 -0.97 2.34 0.68 2.73 

INT RT -3.90 2.00 -0.77 1.20 -3.13 2.33 0.18 2.69 
UPPER BODY MUSCULAR STRENGTH                                      Overall Wald test for inconsistency: p=0.22 => Inconsistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* -2.45 4.63 4.20 8.32 -6.65 9.53 0.49 7.82 

CET CT 16.03 5.74 23.11 8.87 -7.08 10.57 0.50 7.88 

CET RT* 18.41 4.27 0.86 8.28 17.55 9.33 0.06 7.17 

CON CT* 21.44 3.75 3.01 9.52 18.43 10.22 0.07 7.23 

CON INT* 0.25 5.77 -9.65 11.67 9.90 12.98 0.45 7.80 

CON RT* 15.07 2.31 34.03 14.62 -18.96 14.80 0.20 7.62 

CT RT 4.64 5.05 -11.71 5.12 16.35 7.19 0.02 6.87 

INT RT* 19.46 6.02 9.58 11.29 9.88 12.98 0.45 7.80 
LOWER BODY MUSCULAR STRENGTH                                  Overall Wald test for inconsistency: p=0.002 => Inconsistency model 

Side Direct Indirect Difference P Tau 

Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 

CET CON* -29.19 15.90 47.47 26.54 -76.65 30.90 0.01 26.41 

CET CT 52.80 24.94 44.91 31.96 7.89 40.58 0.85 33.01 

CET RT* 55.32 15.41 -41.30 26.76 96.62 31.03 0.00 25.14 

CON CT* 71.40 12.38 -48.13 34.42 119.53 36.29 0.00 25.20 

CON HYB* 20.98 23.83 21.95 785.86 -0.97 786.21 1.00 32.20 

CON INT* 6.60 33.00 38.79 59.89 -32.19 68.38 0.64 32.98 

CON RT* 38.31 10.22 44.34 58.60 -6.03 59.42 0.92 33.12 

CT RT 19.60 22.18 -50.03 19.24 69.63 29.30 0.02 28.56 

INT RT* 16.40 33.00 50.68 59.92 -34.28 68.42 0.62 32.97 
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Figure S8. Inconsistency plots 
(A) body fat percentage, (B) fat-free mass, (C) triglycerides, (D) fasting insulin, (E) glycated 
hemoglobin, (F) cardiorespiratory fitness, (G) upper body muscular strength, (H) lower body 
muscular strength. 
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Table S10. Funnel plot graphics. The outer dashed lines indicate the triangular region within 
which 95% of studies are expected to lie in the absence of both biases and heterogeneity. 
(A) body mass, (B) body fat percentage, (C) fat-free mass, (D) body mass index, (E) waist 
circumference, (F) waist-to-hip ratio, (G) triglycerides, (H) total cholesterol, (I) high-density 
lipoprotein, (J) low-density lipoprotein, (K) fasting glucose, (L) fasting insulin, (M) homeostatic model 
assessment for insulin resistance, (N) glycated hemoglobin, (O) systolic blood pressure, (P) diastolic 
blood pressure, (Q) mean arterial pressure, (R) resting heart rate, (S) cardiorespiratory fitness, (T) upper 
body muscular strength, (U) lower body muscular strength. CON, control; CET, continuous endurance 
training; INT, interval training; RT, resistance training; CT, combined training; HYB, hybrid-type 
training. 
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Figure S11. SUCRA values for each exercise type in the network.  

(A) body mass, (B) body fat percentage, (C) fat-free mass, (D) body mass index, (E) waist 
circumference, (F) waist-to-hip ratio, (G) triglycerides, (H) total cholesterol, (I) high-density 
lipoprotein, (J) low-density lipoprotein, (K) fasting glucose, (L) fasting insulin, (M) 
homeostatic model assessment for insulin resistance, (N) glycated hemoglobin, (O) systolic 
blood pressure, (P) diastolic blood pressure, (Q) mean arterial pressure, (R) resting heart rate, 
(S) cardiorespiratory fitness, (T) upper body muscular strength, (U) lower body muscular 
strength. CON, control; CET, continuous endurance training; INT, interval training; RT, 
resistance training; CT, combined training; HYB, hybrid-type training. 
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Table S13. Cochrane Handbook Formulas.                                                                             
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Figure S14. Subgroup analysis results: Forest plot of eligible comparisons.  
Data are presented as mean difference (95% confidence interval [CI] in black; 95% 
prediction intervals [PI] in red). CON, control; CET, continuous endurance training; 
INT, interval training; RT, resistance training; CT, combined training; HYB, hybrid-
type training. 
(A) body mass, (B) body fat percentage, (C) fat-free mass, (D) body mass index, (E) 
waist circumference, (F) waist-to-hip ratio, (G) triglycerides, (H) total cholesterol, (I) 
high-density lipoprotein, (J) low-density lipoprotein, (K) fasting glucose, (L) fasting 
insulin, (M) homeostatic model assessment for insulin resistance, (N) glycated 
hemoglobin, (O) systolic blood pressure, (P) diastolic blood pressure, (Q) mean arterial 
pressure, (R) resting heart rate, (S) cardiorespiratory fitness, (T) upper body muscular 
strength, (U) lower body muscular strength. 
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