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Abstract 26 

Background Cardiorespiratory fitness (VO2max) is a key indicator of cardiovascular and 27 

metabolic health in young adults. While overall body mass and total body fat percentage (TBF) 28 

influence aerobic capacity, the independent predictive value of localized regional subcutaneous 29 

fat (SF) and regional skeletal muscle mass (SM) compartments remains unclear. This study 30 

evaluated the independent anthropometric, segmental body composition, clinical, and 31 

exertional correlates of VO2max in young adults. 32 

Methods A cross-sectional study was conducted among 726 young Asian adults (57.7% 33 

females; median age 21 ± 2 years) in Malaysia. Physical health metrics, central adiposity (waist 34 

circumference [WC]), and bioelectrical impedance measures of TBF and segmental tissue 35 

percentages—including whole-body, trunk, arm, and leg subcutaneous fat (SF) and skeletal 36 

muscle (SM)—were assessed. VO2max was evaluated via the three-minute step test, and 37 

submaximal Rating of Perceived Exertion (RPE) was recorded. A multivariable Generalized 38 

Linear Model identified independent predictors of VO2max. 39 

Results Male sex emerged as the strongest positive predictor of VO2max (B = 17.769, p < 0.001). 40 

Overall TBF (B = -0.295, p = 0.013) and WC (B = -0.237, p = 0.027) maintained significant 41 

negative independent associations with VO2max. Controlling for TBF and WC eliminated the 42 

statistical significance of all individual segmental SF (p > 0.05). In adjusted models, upper-43 

body muscle parameters exhibited mathematical suppression effects (Trunk SM: B = -0.013, p 44 

= 0.009; Arms SM: B = -0.285, p = 0.022), while submaximal RPE acted as a strong, inverse 45 

independent predictor of aerobic capacity (B = -0.486, p < 0.001). 46 

Conclusion Male sex, lower TBF, lower central adiposity (WC), and lower submaximal 47 

perceived exertion (RPE) are the primary independent predictors of superior VO2max in young 48 

Asian adults. Systemic total fat burden and central abdominal adiposity exert a more 49 

pronounced negative impact on aerobic capacity than regional subcutaneous fat distribution. 50 
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 53 

Background 54 

Cardiorespiratory fitness (VO2max) is widely recognized as a critical clinical vital sign and a 55 

primary determinant of long-term cardiovascular and metabolic health [1]. Superior levels of 56 

cardiorespiratory fitness in young adults are strongly protective against the development of 57 

early subclinical atherosclerosis, insulin resistance, type 2 diabetes mellitus, and premature all-58 

cause mortality [1,2]. Despite these well-established physiological benefits, global physical 59 

activity levels among young adults have steadily declined [3], giving rise to an increasing 60 

prevalence of early-onset obesity and suboptimal aerobic capacity [4]. Understanding the 61 

individual determinants of VO2max during early adulthood is therefore essential for designing 62 

targeted preventive lifestyle interventions before cardiometabolic disease risk consolidates in 63 

later life [5]. 64 

Body composition is a key physical factor influencing cardiorespiratory performance 65 

[6,7]. Relative oxygen uptake (ml/kg/min) inherently reflects the ratio of metabolically active 66 

motor units to non-contractile tissue mass [8]. Traditional anthropometric indicators, such as 67 

Body Mass Index (BMI), are frequently utilized in epidemiological surveys to approximate the 68 

association between adiposity and cardiorespiratory or musculoskeletal fitness [7,9–11]. 69 

However, BMI fails to distinguish between fat-free mass and adipose tissue and cannot capture 70 

regional tissue distribution [12]. Excess total body fat (TBF) acts as a non-metabolic inertial 71 

load during exercise, placing an oxidative burden on oxygen transport systems [13,14]. 72 

Conversely, central fat accumulation, indexed by waist circumference (WC) and Visceral Fat 73 

Level (VFL), triggers low-grade vascular inflammation, reduced arterial compliance, altered 74 

vascular tone, and metabolic inflexibility during dynamic exercise [15,16]. 75 
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While the general negative relationship between overall adiposity and relative aerobic 76 

capacity is well-documented [7,8,13], the independent contributions of segmental tissue 77 

compartments remain less clear. In particular, it remains uncertain whether regional 78 

subcutaneous fat (SF) depots (whole, trunk, arms, and legs) exert direct, localized physiological 79 

constraints on VO2max, or if their apparent effects are secondary to total systemic body fat (TBF) 80 

and central abdominal adiposity (WC). Furthermore, although lower-limb skeletal muscle 81 

(SM) mass (Legs SM) provides the principal metabolic and mechanical work during treadmill 82 

locomotion [17], the relative impact of upper-body regional muscle compartments (trunk SM, 83 

arms SM) within fully adjusted multivariable body composition models requires detailed 84 

clarification.   85 

Beyond structural morphology, perceptual responses during exercise provide functional 86 

insight into cardiorespiratory strain [18]. Submaximal rating of perceived exertion (RPE) 87 

integrates central cardiorespiratory drive, peripheral muscular fatigue, and metabolic acidosis 88 

[18]. Evaluating RPE alongside segmental body composition parameters can help determine 89 

whether subjective perceptual exertion serves as a robust surrogate metric for VO2max in young 90 

adults [19]. 91 

Therefore, this study aimed to investigate the demographic, clinical, anthropometric, 92 

and segmental body composition correlates of VO2max in a sample of young Asian adults using 93 

a multivariable Generalized Linear Model framework. We specifically evaluated whether 94 

regional SF compartments maintain independent predictive value for aerobic capacity when 95 

accounting for systemic adiposity (TBF), central fat accumulation (WC), regional muscle mass 96 

(SM), and submaximal exertional perception (RPE).  97 

 98 

Methods 99 

Study design and participants 100 
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A cross-sectional study design was employed to evaluate the relationship between segmental 101 

body composition, perceived exertion, socio-demographic parameters, and cardiorespiratory 102 

fitness (VO2max) in young adults. A total of 726 male (n = 307) and female (n = 419) participants 103 

aged 18 to 40 years were recruited via a convenience sampling method from three private 104 

higher education institutions in Malaysia, namely Sunway University, Sunway College (both 105 

comprising 58.1%), and UCSI University (comprising 41.9%), from May to July 2023, 106 

November to April, 2024 and May to July, 2026. This was done through the distribution of 107 

flyers around Sunway University, Sunway College, and UCSI University campuses and 108 

through social media platforms. The inclusion criteria were: (1) aged between 18 – 25 years, 109 

(2) a student from Sunway College, Sunway University, or UCSI University, (3) understands 110 

English, (4) able to walk without an assistive device, and (5) have no heart, lung, blood, muscle, 111 

or bone problems that prevent them from walking, standing from a chair, or climbing steps. 112 

Using the Raosoft sample size online calculator (http://www.raosoft.com/samplesize.html), a 113 

minimum sample size of 381 is needed to achieve a 5% margin of error, 90% confidence level, 114 

combined Sunway University, Sunway College, and UCSI University population size of 115 

40,000, and a 50% response distribution. The study was conducted in accordance with the 116 

Declaration of Helsinki, and ethical approval was obtained from the Sunway University 117 

Research Ethics Committee (SUREC 2023/012) and UCSI University Institutional Research 118 

Ethics Committee (IEC-2024-FPS-0003. All participants provided written informed consent 119 

prior to data collection.  120 

 121 

Measures 122 

Data acquisition was executed over a scheduled timeframe and comprised two primary 123 

evaluation phases: self-administered survey instruments and objective physiological 124 

appraisals. Participants initially completed a battery of self-report questionnaires designed to 125 
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collect socio-demographic characteristics. Subsequently, trained investigative personnel 126 

administered a standardized battery of physical, anthropometric, and body composition 127 

assessments. This sequential approach maintained protocol uniformity and reduced inter-128 

examiner measurement variance across the study population. 129 

 130 

Socio-demographic and Lifestyle Factors 131 

Recorded socio-demographic variables encompassed participant age, sex, ethnic background, 132 

highest educational qualification, and monthly household income. Household financial tier was 133 

classified according to official Malaysian economic benchmarks into three distinct brackets: 134 

B40 (bottom 40%, representing lower income; < MYR 4,850 or ~USD 1,152), M40 (middle 135 

40%, representing middle income; MYR 4,851–10,970 or ~USD 1,153–2,605), and T20 (top 136 

20%, representing higher income; > MYR 10,971 or ~USD 2,606). Self-report items were also 137 

utilized to ascertain health-related lifestyle behaviours, specifically current tobacco use and 138 

alcohol consumption habits. 139 

 140 

Clinical, anthropometric, and body composition measurements 141 

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were taken using an 142 

automated blood pressure monitor (HEM-7121, Omron, Japan) after the subjects had rested for 143 

5 min. Blood pressure status was categorized according to standard clinical criteria into normal, 144 

Stage 1 hypertension, and Stage 2 hypertension [20]. Height was measured to the nearest 0.1 145 

cm using a wall-mounted stadiometer. Waist and hip circumferences were measured using a 146 

stretch-resistant tape that provided a constant 100 g tension, at the midpoint between the lower 147 

margin of the least palpable rib and the top of the iliac crest and around the widest portion of 148 

the buttocks, respectively [21]. The waist-hip ratio (WHR) and waist-to-height ratio (WHtR) 149 

were calculated by dividing waist circumference by hip circumference and height, respectively. 150 
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A bioimpedance body composition scale (Omron HBF-375) was used to determine weight, 151 

body mass index (BMI; kg/m2), total body fat (TBF; %), visceral fat level (VFL; %), 152 

subcutaneous fat (SF; %), skeletal muscle percentage (SM; %) and resting metabolism rate 153 

(RM; kcal). The cut-off points for overweight, obesity, high TBF, high VFL, high SM, high 154 

WC, high WHR and high WHtR are ≥23 kg/m2 [22]; ≥27.5 kg/m2 [22]; 20% (men) or 30% 155 

(women) [23]; 10% [23]; 35.8% (men) or 28% (women) [23]; 90 cm (men) or 80 cm (women) 156 

[22]; 0.90 (men) or 0.85 (women) [21]; and 0.50 [24], respectively. 157 

 158 

Assessment of Cardiorespiratory Fitness (VO2max) and Perceived Exertion 159 

Cardiorespiratory fitness (VO2max) was determined through the three-minute step test (TMST) 160 

[25–27]. Participants were asked to step on and off a 30 cm step, 24 times per minute for 3 161 

minutes. They were aided in this endeavour by a metronome set at 96 beats per minute (bpm), 162 

which they were to match with 96 steps (24 ascent-descent cycles) per minute. Immediately 163 

after completion of the test, the participants’ pulse rate was measured for 1 min using the SB200 164 

Fingertip Pulse Oximeter (Rossmax International Ltd., Taiwan). VO2max (ml/kg/min) was 165 

calculated using the formula: 111.33 - (0.42 × heart rate in bpm) for males and 65.81 - (0.1847 166 

× heart rate in bpm) for females [28]. The VO2max values were further categorized into age- and 167 

sex-normative classifications: Superior, Excellent, Above Average, Average, and Below 168 

Average [29]. For categorical risk analysis, participants were further dichotomized into an 169 

Optimal fitness group (comprising Superior, Excellent, and Above Average classifications) and 170 

a Suboptimal fitness group (comprising Average and Below Average classifications). 171 

Subjective exercise intensity was assessed during submaximal stages using Borg’s 6-20 Rating 172 

of Perceived Exertion (RPE) scale, where participants rated their overall exertional distress 173 

ranging from 6 ("no exertion at all") to 20 ("maximal exertion")[18].  174 

 175 
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Statistical Analysis 176 

All statistical analyses were performed using IBM SPSS Statistics for Windows version 26.0 177 

(IBM Corp., Armonk, NY, USA). The normality of continuous variables was assessed using 178 

the Kolmogorov–Smirnov test, with p < 0.05 indicating deviation from normal distribution. 179 

Continuous non-parametric variables were presented as median ± interquartile range (IQR), 180 

while categorical variables were expressed as frequencies and percentages (n, %). Differences 181 

in baseline characteristics and body composition parameters between male and female 182 

participants, as well as between Optimal and Suboptimal fitness groups, were evaluated using 183 

Pearson's Chi-square (χ2) test for categorical variables and Mann-Whitney U test for continuous 184 

non-parametric variables.  To determine the independent predictors of VO2max, a Generalized 185 

Linear Model with a normal distribution and identity link function was constructed, and 186 

correction for non-normality was made using the robust estimator (often called the Huber-187 

White sandwich estimator). The model simultaneously entered socio-demographic variables 188 

(sex, ethnicity, education, income), lifestyle factors (smoking, alcohol), age, blood pressure 189 

metrics (SBP, DBP), central anthropometrics (WC, WHR, WHtR, BMI), systemic adiposity 190 

and metabolism (TBF, VFL, RM, Body Age), regional subcutaneous fat metrics (Whole SF, 191 

Trunk SF, Arms SF, Legs SF), regional skeletal muscle metrics (Whole SM, Trunk SM, Arms 192 

SM, Legs SM), and submaximal exertional perception (RPE). Parameter estimates (B), 193 

standard errors (SE), 95% Wald confidence intervals (95% CI), and Wald Chi-Square statistics 194 

were derived.  A significance level of p < 0.05 was set for all statistical tests. 195 

 196 

Results 197 

Baseline Characteristics of Participants 198 

A total of 726 young Asian adults participated in the study, comprising 307 males and 199 

419 females (Table 1). The median age of the overall cohort was 21 ± 2 years, with no 200 
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statistically significant difference observed between male and female participants (p = 0.637). 201 

The vast majority of the study population (97.8 %) fell within the young adult age range of 18-202 

25 yr, was ethnically Chinese (80.0%), had attained tertiary education (91.2%), and were single 203 

(98.8%). Male participants reported significantly higher rates of current smoking compared to 204 

female participants (9.4% vs. 3.6%, p = 0.001).  The overall median VO2max across all 205 

participants was 44.02 ± 16.60 mL/kg/min; male participants demonstrated significantly higher 206 

cardiorespiratory fitness levels compared to female participants (59.25 ± 10.90 vs. 41.06 ± 4.20 207 

mL/kg/min, p < 0.001). Consequently, the distribution of VO2max classifications differed 208 

markedly between sexes (p < 0.001), with 82.5% of male participants classified into the 209 

"Superior" or "Excellent" categories compared to only 4.7% of female participants.  In terms 210 

of clinical, body composition, and anthropometric metrics, male participants exhibited 211 

significantly higher prevalence rates of Stage 1 or Stage 2 hypertension (4.5 vs. 0%, p < 0.001), 212 

high VFL (13.2 vs. 2.0%, p < 0.001), overweight or obesity (39.4 vs. 19.9%, p < 0.001), and 213 

high SM (44.3 vs. 29.4%, p < 0.001). Conversely, no statistically significant differences 214 

between sexes were observed regarding the prevalence of high WC or high TBF.   215 

 216 

Associations with Cardiorespiratory Fitness Classification 217 

Participants were recategorized into an Optimal group (n = 425, encompassing 218 

Superior, Excellent, and Above Average classifications) and a Suboptimal group (n = 264, 219 

encompassing Average, Below Average, and Poor classifications) based on their VO2max 220 

performance (Table 2).  Chi-square analyses demonstrated significant associations between 221 

cardiorespiratory fitness classification and several anthropometric and body composition 222 

parameters. A significantly higher proportion of participants in the Suboptimal fitness group 223 

presented with elevated WC compared to those in the Optimal group (15.9 vs. 10.6%, p = 224 

0.041). Similarly, high TBF was significantly more prevalent among individuals in the 225 
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Suboptimal fitness category (37.9 vs. 30.1%, p = 0.035). BMI categories also differed 226 

significantly according to fitness level (p = 0.041), which was largely driven by a higher 227 

proportion of elevated muscle mass among fit male participants. Furthermore, a high SM was 228 

significantly associated with placement in the Optimal fitness group (40.5 vs. 27.7%, p = 229 

0.001).  In contrast, ethnicity, hypertension status, WHR, WHtR, and VFL showed no 230 

statistically significant associations with cardiorespiratory fitness classification.   231 

 232 

Generalized Linear Model Predictors of VO2max 233 

To establish the independent determinants of continuous VO2max, a Generalized Linear 234 

Model was executed while simultaneously adjusting for demographic, socioeconomic, 235 

lifestyle, anthropometric, body composition, and exertion factors (Table 3).  Male sex emerged 236 

as the strongest positive independent predictor of continuous VO2Max (B = 17.769; 95% CI: 237 

15.043, 20.494; p < 0.001). Other demographic, socioeconomic, and lifestyle factors—238 

including ethnicity, educational attainment, household income category, smoking status, 239 

alcohol consumption, age, blood pressure, and body age—exhibited no statistically significant 240 

independent associations with VO2max (p > 0.05 for all).  With respect to adiposity measures, 241 

TBF was identified as a statistically significant negative independent predictor of VO2max (B = 242 

-0.295; 95% CI: -0.528, -0.063; p = 0.013). Central adiposity assessed via WC also 243 

significantly predicted lower cardiorespiratory fitness (B = -0.237; 95% CI: -0.448, -0.027; p 244 

= 0.027). Crucially, once overall TBF and WC were controlled for, none of the specific 245 

sectional or whole-body SF compartments (whole body, trunk, arms, legs) maintained 246 

statistical significance (p > 0.05 for all). Similarly, BMI, WHR, WHtR, and VFL showed no 247 

significant independent predictive capacity in the adjusted model.  When examining muscle 248 

compartments and subjective exercise intensity, specific regional muscle percentages 249 

demonstrated significant inverse parameters in the fully adjusted model, including trunk SM 250 
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(B = -0.013; 95% CI: -0.023, -0.003; p = 0.009) and arms SM (B = -0.285; 95% CI: -0.529, -251 

0.042; p = 0.022). Whole-body SM and leg SM were not statistically significant. Finally, RPE 252 

during submaximal exercise functioned as a robust, inverse independent predictor of aerobic 253 

capacity (B = -0.486; 95% CI: -0.665, -0.308; p < 0.001), demonstrating that higher perceived 254 

exertion during the TMST directly predicted lower VO2max.   255 

 256 

Discussion 257 

The present study investigated the demographic, clinical, anthropometric, and 258 

segmental body composition correlates of VO2max in a sample of young Asian adults. The 259 

primary findings demonstrate that male sex, TBF, WC, specific regional SM parameters, and 260 

submaximal RPE serve as key independent predictors of VO2max. Significantly, when 261 

controlling for overall adiposity and central fat deposition, regional SF compartments lost 262 

predictive significance, underlining the predominant influence of systemic and visceral 263 

adiposity over localized subcutaneous depots on aerobic capacity.   264 

 265 

Sex Differences in Cardiorespiratory Fitness and Health Profile 266 

In agreement with established physiological literature, sex was the single strongest 267 

positive predictor of VO2max. Male participants demonstrated markedly higher absolute and 268 

relative cardiorespiratory fitness compared to females (59.25 vs. 41.06 mL/kg/min). These 269 

sexual dimorphisms in exercise capacity stem from biological differences in maximal oxygen 270 

transport and utilization, including larger cardiac chamber sizes, higher haemoglobin 271 

concentrations, greater stroke volume, and higher average SM percentages in males [30–32].  272 

However, despite achieving superior fitness categories, young adult males exhibited elevated 273 

cardiometabolic risk profiles compared to females, characterized by higher rates of Stage 1/2 274 

hypertension (4.5 vs. 0%), elevated VFL (13.2 vs. 2.0%), and current tobacco use (9.4 vs. 275 
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3.6%). This paradoxical divergence highlights that high cardiorespiratory fitness does not 276 

entirely shield young men from early metabolic or cardiovascular risk factors, emphasizing the 277 

need for targeted health screening in young adult populations.   278 

 279 

Impact of Adiposity and Fat Distribution on Aerobic Capacity 280 

Both univariate cross-tabulations and adjusted parameter estimates confirmed that 281 

excess body fat acts as an independent physiological constraint on VO2max. Because relative 282 

VO2max is mathematically scaled per unit of total body mass (kg/ml/min), non-metabolically 283 

active adipose tissue increases inert heavy mass without contributing directly to oxidative 284 

phosphorylation, thereby imposing an immediate scaling penalty on relative oxygen 285 

consumption [33,34]. In the fully adjusted multivariable model, overall TBF and central 286 

adiposity via WC maintained negative independent associations with VO2max. Interestingly, 287 

while initial univariate analyses showed associations between submaximal fitness groups and 288 

TBF (Table 2), non-central segmental SF compartments (whole body, trunk, arms, and legs) 289 

did not retain independent statistical significance in the multivariable model once overall TBF 290 

and WC were included. This indicates that central adiposity and total body fat mass exert a far 291 

greater influence on systemic cardiorespiratory kinetics than localized subcutaneous fat 292 

distribution. Central adiposity, represented by higher WC, is associated with systemic 293 

subclinical inflammation, altered vascular tone, and impaired metabolic flexibility during 294 

exercise [1,15]. These findings also align with prior physiological investigations demonstrating 295 

that total and central fat accumulations impair systemic oxygen transport kinetics and decrease 296 

running efficiency during incremental treadmill exertion [35,36].  297 

 298 

Skeletal Muscle Compartments and Perceived Exertion 299 
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While total SM percentage was higher among the optimal fitness cohort in univariate 300 

testing, regional muscle parameters (trunk and arms) exhibited subtle negative parameter 301 

estimates in the fully adjusted multivariable model. This inverse relationship in multivariable 302 

regression reflects a classic mathematical suppression effect common in body composition 303 

modelling. Once sex, TBF, and overall body weight are simultaneously held constant, upper-304 

body muscle mass acts as non-locomotor mass during upright treadmill walking/running. 305 

Because lower-limb musculature (legs SM) serves as the primary motor driver for treadmill 306 

locomotion, trunk and upper-limb SM add overall structural weight without directly 307 

contributing to the primary metabolic or propulsive work required to drive treadmill oxygen 308 

uptake [17]. Consequently, when total mass and adiposity are controlled, non-locomotor 309 

muscle mass effectively acts as additional dead weight during lower-body exertion. 310 

Submaximal RPE emerged as a highly robust, independent predictor of VO2max. 311 

Participants reporting higher perceived exertion at standard submaximal workloads exhibited 312 

lower aerobic capacity. Perceptual ratings during submaximal work act as a psycho-313 

physiological integration of central cardiovascular strain, respiratory drive, motor unit 314 

recruitment rates, peripheral metabolic acidosis, and sensory feedback via group III and IV 315 

muscle afferents [37,38]. Individuals with lower intrinsic VO2max operate at a higher relative 316 

percentage of their maximal aerobic capacity at any absolute submaximal treadmill stage, 317 

resulting in accelerated glycogen depletion, earlier anaerobic threshold accumulation, and 318 

heightened exertional distress [39]. Our findings validate submaximal RPE as a reliable, non-319 

invasive surrogate metric for cardiorespiratory fitness [19,40,41], offering practical utility in 320 

clinical or community settings where maximal treadmill protocols are unsafe or infeasible.  321 

 322 

Strengths and Limitations 323 
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A primary strength of this study lies in its robust sample size (N = 726) composed 324 

entirely of Asian young adults, a critical demographic window where metabolic risk factors 325 

and cardiorespiratory habits consolidate prior to midlife cardiometabolic disease onset. 326 

Furthermore, unlike conventional studies that rely solely on crude anthropometric indices such 327 

as BMI, this investigation utilized advanced bioelectrical impedance and segmental 328 

partitioning to evaluate both whole-body and localized regional body composition metrics 329 

(whole body, trunk, arms, and legs SF and SM). The application of a multivariable Generalized 330 

Linear Model permitted the simultaneous control of potential socio-demographic, lifestyle, 331 

clinical, and physiological confounders—including income, education, smoking, drinking, 332 

blood pressure, and submaximal exercise exertion (RPE)—thereby isolating the true 333 

independent parameter estimates of segmental tissue compartments on VO2max. 334 

Nevertheless, several methodological and design limitations warrant consideration. 335 

First, the cross-sectional nature of the study design inherently precludes inferences regarding 336 

direct causality between shifts in body composition or submaximal exertion and longitudinal 337 

changes in cardiorespiratory capacity. Second, the study population was predominantly 338 

comprised of tertiary-educated single individuals of Chinese ethnicity (80.0%), which may 339 

limit the direct generalizability of these specific parameter estimates to broader multi-ethnic 340 

cohorts, older age brackets, or populations with differing socio-demographic profiles. Third, 341 

while RPE during submaximal treadmill exercise proved to be a highly significant predictor, 342 

perceptual responses can be influenced by unmeasured psychological factors such as acute 343 

motivation, somatic anxiety, or unfamiliarity with standardized exercise testing equipment 344 

[42]. Finally, although segmental SF and SM percentages were comprehensively assessed, 345 

future studies employing advanced imaging modalities—such as Dual-Energy X-ray 346 

Absorptiometry or Magnetic Resonance Imaging—could provide enhanced resolution between 347 

deep visceral, intramuscular, and superficial subcutaneous tissue layers.   348 
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 349 

Conclusions 350 

In conclusion, this study demonstrates that male sex, overall TBF percentage, central adiposity 351 

via WC, and submaximal RPE serve as the primary independent determinants of 352 

cardiorespiratory fitness (VO2max) in young Asian adults. Significantly, when controlling for 353 

global fat mass and WC, localized regional SF compartments offer no incremental predictive 354 

value for aerobic capacity. From a practical and clinical perspective, these findings suggest that 355 

obesity education and exercise intervention frameworks targeting young adults should 356 

prioritize global fat mass reduction and the improvement of subjective workload tolerance 357 

(RPE) over localized regional body composition modification. Monitoring submaximal 358 

perceived exertion provides a simple, non-invasive, and robust surrogate indicator of 359 

cardiorespiratory fitness in community and clinical settings.   360 

 361 
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Table 1. Baseline demographic, lifestyle, anthropometric, body composition, and 572 

cardiorespiratory fitness characteristics of the participants 573 

Variables 

Male 

(n = 307; 

42.3%) 

Female 

(n = 419; 

57.7%) 

Total  

(N = 726) 

Age (Median ± Interquartile Range); yr 21 ± 2 21 ± 2 21 ± 2 

p 0.637  

VO2max (Median ± Interquartile Range); 

ml/kg/min 

59.25 ± 10.90 41.06 ± 4.20 44.02 ± 16.60 

p <0.001**  

Institution    

Sunway University 211 (68.7) 211 (50.4) 422 (58.1) 

UCSI University 96 (31.3) 208 (49.6) 304 (41.9) 

χ2; p 24.570; <0.001**  

Age Group    

18-25 300 (97.7) 410 (97.9) 710 (97.8) 

26-40 7 (2.3) 9 (2.1) 16 (2.2) 

χ2; p 0.014; 0.905  

Ethnicity    

Malay/Bumiputra 15 (4.9) 37 (8.8) 52 (7.2) 

Chinese 243 (79.2) 338 (80.7) 581 (80.0) 

Indian 38 (12.4) 38 (9.1) 76 (10.5) 

Non-Malaysian Asian 11 (3.6) 6 (1.4) 17 (2.3) 

χ2; p 9.254; 0.026*  

Marital Status    
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Single 301 (98.0) 416 (99.3) 717 (98.8) 

Married 6 (2.0) 3 (0.7) 9 (1.2) 

χ2; p 2.219; 0.136  

Highest Education Level    

Secondary 35 (11.4) 29 (6.9) 64 (8.8) 

Tertiary 272 (88.6) 390 (93.1) 662 (91.2) 

χ2; p 4.423; 0.035*  

Monthly Household Income    

B40 (< MYR 4,850 or USD 1,065) 106 (34.5) 110 (26.3) 216 (29.8) 

M40 (MYR 4,851–10,970 or USD 1,066–

2,406) 

134 (43.6) 219 (52.3) 353 (48.6) 

T20 (> MYR 10,971 or USD 2,407) 67 (21.8) 90 (21.5) 157 (21.6) 

χ2; p 6.794; 0.033*  

Current Smoking Status    

Never/Quit 278 (90.6) 404 (96.4) 682 (93.9) 

Current smoker 29 (9.4) 15 (3.6) 44 (6.1) 

χ2; p 10.710; 0.001**  

Current Drinking Status    

Never/Monthly or less 204 (66.4) 306 (73.0) 510 (70.2) 

Once a month or more 103 (33.6) 113 (27.0) 216 (29.8) 

χ2; p 3.672; 0.055  

Hypertension Class    

Normal 274 (95.5) 402 (100) 676 (98.1) 

Stage 1 hypertension 6 (2.1) 0 6 (0.9) 

Stage 2 hypertension 7 (2.4) 0 7 (1.0) 
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χ2; p 18.559; <0.001**  

WC Class    

Normal 251 (87.5) 351 (87.3) 602 (87.4) 

High 36 (12.5) 51 (12.7) 87 (12.6) 

χ2; p 0.003; 0.956  

WHR Class    

Normal 251 (87.5) 363 (90.3) 614 (89.1) 

High 36 (12.5) 39 (9.7) 75 (10.9) 

χ2; p 1.394; 0.238  

WHtR Class    

Normal 235 (81.9) 352 (87.6) 587 (85.2) 

High 52 (18.1) 50 (12.4) 102 (14.8) 

χ2; p 4.284; 0.038*  

TBF Class    

Normal 181 (63.1) 280 (69.7) 461 (66.9) 

High 106 (36.9) 122 (30.3) 228 (33.1) 

χ2; p 3.280; 0.070  

VFL Class    

Normal 249 (86.8) 394 (98.0) 643 (93.3) 

High 38 (13.2) 8 (2.0) 46 (6.7) 

χ2; p 34.017; <0.001**  

BMI Class    

Normal 174 (60.6) 322 (80.1) 496 (72.0) 

Overweight 84 (29.3) 59 (14.7) 143 (20.8) 

Obese 29 (10.1) 21 (5.2) 50 (7.3) 
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χ2; p 31.495; <0.001**  

SM Class    

Normal 160 (55.7) 284 (70.6) 444 (64.4) 

High 127 (44.3) 118 (29.4) 245 (35.6) 

χ2; p 16.219; <0.001**  

VO2Max Class    

Superior 131 (45.6) 0 131 (19.0) 

Excellent 106 (36.9) 19 (4.7) 125 (18.1) 

Above average 26 (9.1) 143 (35.6) 169 (24.5) 

Average 16 (5.6) 178 (44.3) 194 (28.2) 

Below average 8 (2.8) 62 (15.4) 70 (10.2) 

χ2; p 444.624; <0.001  

WC: waist circumference, WHR: Waist-Hip Ratio, WHtR: Waist-Height Ratio, TBF: Total 574 

Body Fat, VFL: Visceral Fat Level, BMI: Body Mass Index, SM: Skeletal Muscle Percentage 575 

p-value significant at * < 0.05; **<0.01 576 

Parentheses indicate percentage within same sex 577 

 578 

 579 

 580 

 581 

 582 

 583 

 584 

 585 

 586 
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Table 2. Association of VO2Max Class with ethnicity, anthropometric and body composition 587 

classes 588 

Variable 

Optimal 

(Superior/Excellent/Above 

Average) 

(n = 425) 

Suboptimal (Average/Below 

Average/Poor) 

(n = 264) 

Ethnicity   

Malay/Bumiputra 24 (5.6) 27 (10.2) 

Chinese 353 (83.1) 206 (78.0) 

Indian 37 (8.7) 28 (10.6) 

Non-Malaysian 

Asian 

11 (2.6) 3 (1.1) 

χ2; p 7.435; 0.059 

Hypertension 

Class 
  

Normal 413 (97.2) 263 (99.6) 

Stage 1 

hypertension 

6 (1.4) 0 

Stage 2 

hypertension 

6 (1.4) 1 (0.4) 

χ2; p 5.537; 0.063 

WC Class   

Normal 380 (89.4) 222 (84.1) 

High 45 (10.6) 42 (15.9) 

χ2; p 4.179; 0.041* 
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WHR Class   

Normal 385 (90.6) 229 (86.7) 

High 40 (9.4) 35 (13.3) 

χ2; p 2.483; 0.115 

WHtR Class   

Normal 369 (86.8) 218 (82.6) 

High 56 (13.2) 46 (17.4) 

χ2; p 2.330; 0.127 

TBF Class   

Normal 297 (69.9) 164 (62.1) 

High 128 (30.1) 100 (37.9) 

χ2; p 4.430; 0.035* 

VFL Class   

Normal 394 (92.7) 249 (94.3) 

High 31 (7.3) 15 (5.7) 

χ2; p 0.679; 0.410 

BMI Class   

Normal 296 (69.6) 200 (75.8) 

Overweight 101 (23.8) 42 (15.9) 

Obese 28 (6.6) 22 (8.3) 

χ2; p 6.370; 0.041* 

SM Class   

Normal 253 (59.5) 191 (72.3) 

High 172 (40.5) 73 (27.7) 

χ2; p 11.678; 0.001** 
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WC: waist circumference, WHR: Waist-Hip Ratio, WHtR: Waist-Height Ratio, TBF: Total 589 

Body Fat, VFL: Visceral Fat Level, BMI: Body Mass Index, SM: Skeletal Muscle Percentage 590 

p-value significant at * < 0.05; **<0.01 591 

Parentheses indicate percentage within same VO2Max class 592 

 593 

 594 

 595 

 596 

 597 

 598 

 599 

 600 

 601 

 602 

 603 

 604 

 605 

 606 

 607 

 608 

 609 

 610 

 611 

 612 

 613 
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Table 3. Generalized Linear Model Parameter Estimates for Predictors of VO2Max Adjusted 614 

for Demographic and Lifestyle Factors  615 

Parameter B 

Std. 

Error 

95% 

Wald CI 

Lower 

95% Wald 

CI Upper 

Wald 

Chi-

Square 

Sig. 

Male sex 17.769 1.391 15.043 20.494 163.264 <0.001** 

Malay/Bumiputra 

ethnicity 

0.065 1.906 -3.672 3.801 0.001 0.973 

Chinese ethnicity -0.277 1.752 -3.710 3.156 0.025 0.874 

Indian ethnicity -0.182 1.943 -3.991 3.626 0.009 0.925 

Secondary Education 

Level 

0.132 0.730 -1.298 1.563 0.033 0.856 

B40 Monthly 

Household Income 

0.405 0.639 -0.848 1.657 0.401 0.527 

M40 Monthly 

Household Income 

0.977 0.581 -0.161 2.116 2.833 0.092 

Not Current Smoker 1.820 1.197 -0.525 4.166 2.314 0.128 

Never/Monthly or 

Less Current Alcohol 

Drinker 

-0.148 0.509 -1.146 0.849 0.085 0.771 

Age 0.169 0.105 -0.036 0.374 2.616 0.106 

SBP 0.004 0.027 -0.049 0.056 0.019 0.891 

DBP -0.072 0.042 -0.155 0.011 2.860 0.091 

WC -0.237 0.107 -0.448 -0.027 4.880 0.027* 

WHR -1.475 2.620 -6.610 3.660 0.317 0.573 
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WHtR 20.616 16.945 -12.594 53.827 1.480 0.224 

TBF -0.295 0.119 -0.528 -0.063 6.212 0.013* 

VFL -0.069 0.069 -0.204 0.067 0.990 0.320 

RM 0.002 0.002 -0.001 0.006 1.583 0.208 

BMI -0.061 0.203 -0.459 0.337 0.090 0.765 

Body Age 0.015 0.084 -0.150 0.180 0.033 0.856 

Whole SF 0.246 0.141 -0.031 0.522 3.039 0.081 

Trunk SF -0.017 0.015 -0.046 0.013 1.227 0.268 

Arms SF -0.173 0.095 -0.360 0.013 3.318 0.069 

Legs SF 0.132 0.071 -0.008 0.271 3.431 0.064 

Whole SM 0.019 0.228 -0.428 0.465 0.007 0.935 

Trunk SM -0.013 0.005 -0.023 -0.003 6.889 0.009** 

Arms SM -0.285 0.124 -0.529 -0.042 5.282 0.022* 

Legs SM 0.173 0.100 -0.022 0.369 3.011 0.083 

RPE -0.486 0.091 -0.665 -0.308 28.414 <0.001** 

SBP: systolic blood pressure, DBP: diastolic blood pressure, WC: waist circumference, WHR: 616 

Waist-Hip Ratio, WHtR: Waist-Height Ratio, TBF: Total Body Fat, VFL: Visceral Fat Level, 617 

BMI: Body Mass Index, SF: Subcutaneous Fat Level, SM: Skeletal Muscle Percentage, RPE: 618 

Borg's Rating of Perceived Exertion  619 

p-value significant at * < 0.05; **<0.01 620 


