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Abstract—Body Mass Index (BMI) is a widely used anthropometric 

indicator for classifying weight status, yet it does not distinguish 

between fat mass and lean mass. In contrast, cardiorespiratory fitness 

(CRF), typically assessed by maximal oxygen uptake (VO₂max or 

VO₂peak), represents a key determinant of aerobic capacity and a 

robust predictor of cardiovascular and all-cause mortality. Evidence 

consistently demonstrates an inverse association between BMI and 

CRF, where higher BMI, particularly driven by excess adiposity,is 

associated with reduced aerobic capacity. This relationship is 

explained by several physiological mechanisms, including increased 

mechanical load during movement, unfavorable body-composition 

profiles, systemic low-grade inflammation, metabolic dysfunction, and 

ventilatory limitations that collectively impair oxygen delivery, 

utilization, and exercise tolerance. The BMI–CRF relationship is 

further shaped by important confounding factors such as habitual 

physical activity, age, sex, fat distribution, comorbidities, and 

methodological choices in VO₂max expression. These factors highlight 

that BMI alone is insufficient to characterize an individual’s aerobic 

capacity. From a clinical and public-health perspective, CRF emerges 

as a powerful modifier of health risks, with evidence showing that 

individuals with elevated BMI but high CRF exhibit substantially 

lower mortality risk compared to unfit individuals regardless of BMI 

category. Overall, understanding how BMI influences CRF is essential 

for guiding prevention strategies and risk assessment. Integrating CRF 

evaluation alongside BMI in clinical settings and population 

surveillance provides a more comprehensive assessment of 

cardiometabolic health and supports dual-target interventions aimed 

at both reducing adiposity and enhancing fitness to optimize long-term 

health outcomes. 
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VO₂max, Health Risk Factors. 

I. INTRODUCTION  

Body Mass Index (BMI) is a widely used anthropometric 

indicator for classifying weight status and assessing population-

level health risks. BMI is calculated as body mass divided by 

the square of height (kg/m²) [6]. Meanwhile, cardiorespiratory 

fitness (CRF) that commonly measured via maximal oxygen 

uptake (VO₂max) or VO₂ peak is considered a key 

physiological parameter reflecting the integrated function of the 

cardiovascular and respiratory systems to supply oxygen during 

sustained aerobic activity [14]. 

A growing body of evidence demonstrates an inverse 

association between BMI (or adiposity) and CRF, indicating 

that higher BMI, particularly when due to excess fatness, tends 

to be associated with lower aerobic capacity. Several 

physiological mechanisms have been proposed to explain this 

relationship can increased mechanical load during physical 

activity, unfavorable changes in body composition (higher fat 

mass, lower relative lean mass), and adiposity-related metabolic 

or inflammatory effects that may impair oxygen utilization, 

muscle function, or cardiopulmonary efficiency [15]. Cross-

sectional and observational studies, including populations of 

healthy adults, confirm that elevated BMI is often accompanied 

by reduced CRF (lower VO₂max or VO₂peak) compared to 

individuals with normal BMI [11]. 

Beyond this direct association, recent systematic reviews 

and meta-analyses highlight CRF as a powerful modifier of 

health risks associated with overweight and obesity. For 

example, a large meta-analysis combining CRF and BMI data 

found that overweight or obese individuals but with “fit” 

cardiorespiratory levels did not have statistically significantly 

higher risk of cardiovascular disease (CVD) or all-cause 

mortality compared to normal-weight, “fit” individuals; in 

contrast, “unfit” individuals (regardless of BMI) had a 2–3 

times greater risk of mortality [12]. This suggests that high CRF 

can attenuate, though not necessarily eliminate, the elevated 

health risks commonly associated with high BMI. 

From a public health perspective, this interplay between 

BMI and CRF is highly relevant. Given the rising global 

prevalence of overweight and obesity and their relation to non-

communicable diseases (e.g., cardiovascular disease, metabolic 

syndrome), interventions focusing on improving CRF (e.g., 

structured exercise, increasing physical activity) may provide 

substantial health benefit — even in absence of dramatic weight 

loss. Indeed, improving CRF has been associated with better 

health outcomes across BMI categories [15]. 

Therefore, understanding the effect of BMI on CRF is 

important for shaping effective prevention strategies, 

mitigating CVD risk, and improving long-term health 

outcomes. 

II. METHODS 

This study was a focused narrative literature review that 

aimed to bring jointly the most recent research about how body 

mass index can affect cardiorespiratory fitness. 
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III. RESULT 

3.1 Physiological Mechanisms Linking BMI and 

Cardiorespiratory Fitness 

Body Mass Index (BMI) reflects total body mass relative to 

height but does not discriminate between fat mass and lean 

body mass, which has important physiological implications for 

CRF because adipose tissue and muscle mass influence oxygen 

delivery and utilization differently. For example, higher 

adiposity increases the metabolic cost of locomotion and 

elevates oxygen demand at submaximal workloads, which can 

VO₂max when expressed relative to body weight. [7].  

Obesity drives hemodynamic changes that increase cardiac 

workload, such as elevated resting heart rate and cardiac output, 

thereby promoting cardiac remodeling and reduced stroke 

volume reserve during exercise, which ultimately limits 

exercise capacity [7]. 

Excess adipose tissue, particularly visceral fat, secretes pro-

inflammatory adipokines and cytokines that contribute to 

systemic low-grade inflammation, endothelial dysfunction, and 

impaired vasodilation, all of which reduce skeletal muscle 

perfusion and oxygen extraction during exertion. Excess 

adipose tissue also increases arterial stiffness and atherogenic 

risk, further compromising cardiovascular compliance; this 

stiffening of large and small vessels increases left ventricular 

afterload and reduces stroke volume augmentation during 

dynamic exercise, thereby restricting maximal cardiac output 

and aerobic capacity [5] 

Obesity is also associated with metabolic disruptions, 

including insulin resistance and altered lipid metabolism, which 

adversely affect mitochondrial function and reduce oxidative 

phosphorylation capacity in skeletal muscle, key determinants 

of VO₂max. [10]. 

Moreover, mechanical effects of excess fat mass such as 

reduced chest wall and diaphragmatic compliance and 

increased work of breathing can further constrain ventilatory 

efficiency during exercise, lowering exercise tolerance 

especially at high intensities [3]. 

3.2 Confounding Factors Influencing the BMI–CRF 

Relationship 

Confounding factors substantially influence the observed 

relationship between BMI and cardiorespiratory fitness (CRF), 

and careful methodological consideration is essential to avoid 

biased inferences. BMI itself is an imperfect surrogate of 

adiposity and body composition; the failure to account for 

differences in fat distribution or lean mass often leads to 

misclassification, particularly in individuals with higher 

muscularity, thereby distorting associations with CRF (2) 

Physical activity and habitual exercise represent strong, 

independent determinants of VO₂max, and cross-sectional 

assessments of BMI–CRF relationships are therefore highly 

susceptible to confounding when activity level is not rigorously 

measured and appropriately adjusted for [1,8]. 

Age and sex systematically influence both body 

composition and peak aerobic capacity, older adults and 

females typically show different trajectories of lean mass loss 

and VO₂max decline, so stratified or interaction analyses are 

often necessary. [12] 

Comorbid conditions that commonly co-occur with elevated 

BMI (for example, hypertension, dyslipidemia, and insulin 

resistance) independently lower CRF and may confound the 

apparent effect of BMI unless multivariable adjustment is 

applied [1,12]. 

Broader socioeconomic, behavioral, and environmental 

determinants, including diet quality, smoking habits, and access 

to safe recreational spaces, also correlate strongly with both 

adiposity and fitness, acting as contextual confounders that 

shape population-level estimates of the BMI–CRF association 

(2).  

Measurement choices, whether VO₂max is reported as 

absolute, per kg total mass, or per kg fat-free mass, substantially 

change observed associations and should be pre-specified and 

justified to avoid scaling artefacts [8]. 

3.3 Clinical and Public Health Implications 

A growing body of high-quality evidence demonstrates that 

CRF is a strong and independent predictor of both 

cardiovascular and all-cause mortality, with higher levels of 

fitness markedly attenuating the excess mortality risk typically 

associated with overweight and obesity (2). Because BMI alone 

does not capture fitness, fat distribution, or lean mass, clinical 

risk stratification is improved when CRF (measured directly or 

estimated reliably) is integrated with anthropometry in routine 

assessment [12]. 

The predictive utility of CRF persists across clinical 

subpopulations. In adults with overweight/obesity and type 2 

diabetes, higher baseline CRF, as quantified by maximal 

exercise treadmill testing, was associated with significantly 

lower rates of both all-cause and cardiovascular disease (CVD) 

mortality over long-term follow-up, independent of BMI and 

other conventional risk factors [13]. Similarly, among men with 

metabolic syndrome, inclusion of CRF in multivariate models 

attenuated the association between metabolic syndrome and 

mortality to non-significance, while unfit individuals 

consistently demonstrated double the risk of all-cause mortality 

and more than triple the risk of CVD death compared to their 

fit counterparts [9]. 

Randomized and nonrandomized intervention studies 

demonstrate that structured aerobic and resistance training 

consistently increase VO₂max and vascular function even when 

weight loss is modest or absent, supporting the clinical value of 

fitness-focused therapies (1). 

Although lifestyle strategies aimed at reducing adiposity, 

including behavioral modification, pharmacotherapy, and 

bariatric surgery, can improve traditional cardiometabolic risk 

markers (e.g., glycemic control, lipids, blood pressure), 

converging evidence suggests that the combination of adiposity 

reduction and fitness enhancement yields the most favorable 

long-term cardiovascular outcomes. Improving CRF augments 

energy expenditure capacity, improves insulin sensitivity, and 

favorably modulates vascular and inflammatory pathways, 

while also enhancing resilience to noncardiovascular stressors 

such as severe infectious disease [4]. 

Weight-reduction strategies (behavioral, pharmacologic, 

surgical) can improve many cardiometabolic risk markers, but 

the combination of interventions that target both adiposity 
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reduction and fitness enhancement is likely to produce the most 

favorable long-term cardiovascular outcomes. At the 

population level, public-health policies that increase 

opportunities for physical activity, improve food environments, 

and monitor both BMI and CRF will better address the twin 

burdens of low fitness and excess adiposity than BMI-centric 

approaches alone (2).  

IV. CONCLUSION 

The present review demonstrates that the relationship 

between BMI and cardiorespiratory fitness is multifactorial, 

physiologically interconnected, and influenced by a range of 

contextual factors. Consistent with the evidence summarized in 

the introduction, the findings reinforce that higher BMI, 

particularly when driven by excess adiposity, is commonly 

associated with lower CRF due to an interplay of unfavorable 

alterations in cardiovascular load, systemic inflammation, 

metabolic dysfunction, ventilatory mechanics, and reduced 

relative lean mass.  

These mechanisms collectively impair oxygen delivery, 

utilization, and exercise tolerance, thereby explaining the 

inverse association observed across numerous adult 

populations. At the same time, the review highlights that BMI 

alone cannot fully characterize the BMI–CRF relationship 

because several confounders (including body composition, 

habitual physical activity, age, sex, comorbidities, and 

methodological variations in VO₂max measurement) 

substantially modify the association. Such factors may either 

attenuate or amplify the effect of BMI on aerobic capacity, 

underscoring the importance of interpreting CRF within a 

broader physiological and behavioral context rather than 

relying on BMI as a standalone indicator.  

Importantly, the clinical and public-health implications 

converge with the introduction’s emphasis on CRF as a strong 

modifier of health outcomes across BMI categories. The 

evidence reviewed supports that high CRF can mitigate, though 

not completely eliminate, the elevated cardiometabolic and 

mortality risks associated with overweight and obesity.  

This reinforces the growing consensus that interventions 

aimed at improving CRF, through structured aerobic and 

resistance training, increased physical activity, and supportive 

environmental policies, offer substantial health benefits even in 

the absence of significant weight reduction. Overall, 

understanding the effect of BMI on CRF is crucial for guiding 

prevention strategies, clinical risk stratification, and policy 

development. Integrating CRF assessment alongside BMI in 

both clinical practice and population surveillance provides a 

more accurate appraisal of cardiometabolic health and supports 

targeted interventions that address both excess adiposity and 

low fitness. This dual-focus approach is likely to be more 

effective in reducing cardiovascular disease burden and 

improving long-term health outcomes globally. 
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