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ABSTRACT:  

Background: Body mass index (BMI) is a widely used indicator of nutritional status, yet 

its relationship with health-related physical fitness among secondary school girls in 

Bangladesh has rarely been examined using a full fitness battery.  

Objective: To examine the association between BMI and four components of health-

related physical fitness — cardiovascular endurance, muscular strength/endurance, 

explosive leg strength, and flexibility — among secondary school girls in Bangladesh.  

Methods: A descriptive correlational design was used. A total of 140 secondary school 

girls were selected by purposive sampling. Height and weight were measured to calculate 

BMI (kg/m²). Fitness was assessed using the Queen's College Step Test, Push-Up Test, 

Standing Broad Jump Test, and Sit-and-Reach Test. Pearson's product-moment 

correlation was used; 95% confidence intervals were estimated via the Fisher z-

transformation and exact two-tailed p-values were derived from the t-distribution (df = 

138).  

Results: Mean BMI was 22.54 ± 3.12 kg/m². BMI was significantly and negatively 

correlated with all four fitness components: cardiovascular endurance (r = −0.48, 95% CI 

−0.60 to −0.34, p < .001), push-up performance (r = −0.31, 95% CI −0.45 to −0.15, p < 

.001), standing broad jump (r = −0.42, 95% CI −0.55 to −0.27, p < .001), and, more 

weakly, flexibility (r = −0.19, 95% CI −0.35 to −0.02, p = .025). By variance explained, 
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BMI accounted for 23.0% of the variance in cardiovascular endurance, 17.6% in standing 

broad jump, 9.6% in push-up performance, and 3.6% in flexibility.  

Conclusion: Higher BMI was associated with lower performance across all four fitness 

components among secondary school girls, with the strongest associations for 

cardiovascular endurance and explosive leg strength and a comparatively weak, though 

statistically significant, association with flexibility. School-based programmes that support 

healthy BMI through physical activity and balanced nutrition may help protect adolescent 

fitness, with the largest expected benefit for aerobic capacity and lower-body power. 

 

INTRODUCTION 

Body mass index (BMI) — weight in kilograms divided by the square of height in metres, tracing back to the original Quetelet 

Index [16] — remains the most widely used anthropometric proxy for nutritional status in children and adolescents, and the 

World Health Organization's age- and sex-specific BMI references underpin most national and international classifications of 

underweight, normal weight, overweight, and obesity [1], complemented by international adolescent growth standards that 

similarly anchor BMI-for-age interpretation across populations [26]. Maintaining a healthy BMI during adolescence supports 

normal growth and reduces later-life risk of obesity, type 2 diabetes, and cardiovascular disease [2, 10], making BMI monitoring 

a routine component of adolescent health surveillance worldwide. 

Health-related physical fitness — comprising cardiovascular endurance, muscular strength and endurance, flexibility, and body 

composition [17] — is a parallel, complementary marker of adolescent health that captures functional capacity in a way BMI 

alone cannot. Higher fitness in youth is consistently linked to better cardiometabolic profiles, higher academic performance, 

improved mental health, and more active lifestyles in adulthood [3, 4, 18], and international bodies increasingly treat fitness 

surveillance as a public-health priority in its own right, alongside — not instead of — anthropometric surveillance [9]. 

LITERATURE REVIEW 

BMI and cardiovascular/muscular fitness: a consistent but fragmented picture 

Evidence across high-, middle-, and low-income settings converges on a broad pattern: adolescents with normal BMI tend to 

outperform their overweight or underweight peers on aerobic, strength, and power-based fitness tests [4, 20, 21, 22], an 

association generally attributed to the added mechanical and cardiovascular workload of excess adiposity and, at the other 

extreme, to the reduced muscle mass associated with undernutrition — mechanisms consistent with established exercise-

physiology principles governing the energy cost of movement at different body compositions [9, 19, 27, 33]. Rather than treating 

this literature as a uniform chorus, it is more accurate to read it as thematically consistent but methodologically fragmented: 

studies converge on cardiovascular and strength/power outcomes using varied designs, samples, and test batteries, but rarely 

assess all major fitness components in a single cohort, which limits direct comparison of how strongly BMI relates to each 

component within the same group of adolescents. 

BMI and flexibility: an unsettled relationship 

Flexibility is the clearest example of this fragmentation. Some studies report no meaningful BMI–flexibility relationship [30], 

while others find that excess adiposity mechanically restricts joint range of motion, particularly at the hip and lower back [31]. 

Because flexibility is measured with field tests whose criterion validity against direct hamstring and lumbar extensibility is itself 

only moderate [40], part of the disagreement in the literature may reflect measurement variability as much as true population 

differences — a possibility the present study is positioned to probe, since it reports effect size and confidence intervals rather 

than significance alone. 

BMI, fitness, and adolescent girls in Bangladesh 

In Bangladesh specifically, adolescent girls sit at the intersection of two converging risks. National survey data confirm a 

persistent double burden of undernutrition and rising overweight in this group [7, 36], while separate work on physical activity 

patterns — including accelerometer-based evidence from a rural Bangladeshi adolescent cohort [37] — shows that Bangladeshi 

adolescent girls are consistently less active than boys and hold less favourable attitudes toward physical activity, constrained by 

social and cultural barriers to sport participation [8, 23]. These two literatures — nutritional status on one hand, physical activity 

and fitness on the other — have largely developed in parallel. Existing Bangladeshi studies have examined nutritional status or 
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anthropometry in isolation [13, 14], or physical activity patterns without a corresponding fitness battery [8, 23], but none has 

jointly measured BMI alongside a multi-component health-related fitness battery — cardiovascular endurance, muscular 

strength/endurance, explosive power, and flexibility — in the same sample of Bangladeshi secondary school girls. This is the 

specific gap the present study addresses. 

Summary and novelty statement 

To the best of our knowledge, this is among the first studies to jointly assess BMI alongside all four of these fitness components 

in a single sample of Bangladeshi secondary school girls, and the first from this population to report 95% confidence intervals, 

variance-explained (R²), and post-hoc statistical power alongside the correlation coefficients — reporting practices 

recommended for Q1-standard observational research but rarely applied in the regional literature on this topic. 

Research questions and hypotheses 

Given this gap, the study was guided by four research questions, each paired with a directional hypothesis grounded in the 

literature reviewed above: 

● RQ1 / H1: What is the relationship between BMI and cardiovascular endurance among secondary school girls in 

Bangladesh? — H1: BMI will be significantly negatively correlated with cardiovascular endurance. 

● RQ2 / H2: What is the relationship between BMI and muscular strength/endurance? — H2: BMI will be significantly 

negatively correlated with push-up performance. 

● RQ3 / H3: What is the relationship between BMI and explosive leg strength? — H3: BMI will be significantly negatively 

correlated with standing broad jump performance. 

● RQ4 / H4: What is the relationship between BMI and flexibility? — H4 (exploratory, non-directional): Given the mixed 

prior evidence [30, 31], no directional hypothesis is advanced a priori; this association was tested rather than assumed. 

 

Figure 1. Conceptual framework illustrating the hypothesized mechanical, cardiovascular, and muscular pathways linking 

BMI to each fitness component, synthesized from the literature reviewed above. 

Accordingly, the objective of this study was to examine the association between BMI and four components of health-related 

physical fitness among secondary school girls in Bangladesh, in order to test the hypotheses above and inform school-based 

physical education and health-promotion planning for this population. 
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MATERIALS AND METHODS 

This study followed a descriptive correlational design, appropriate for quantifying the association between BMI and fitness 

components without manipulating any variable. Reporting follows the STROBE (Strengthening the Reporting of Observational 

Studies in Epidemiology) checklist for cross-sectional studies [43]. 

Participants and sampling 

A total of 140 secondary school girls were recruited through purposive sampling from participating educational institutions. 

Eligible participants were regular students who were physically healthy, provided willing participation, and had no injury or 

serious health condition that would preclude fitness testing. For context, an a priori sample-size calculation (two-tailed α = .05, 

power = .80) indicates that detecting a medium correlation (r = .30) requires a minimum of n ≈ 85, and detecting a small 

correlation (r = .10) requires n ≈ 783; the achieved sample of N = 140 therefore comfortably exceeded the minimum for 

medium-to-large effects but fell well short of what a small effect would require. Consistent with this, a post-hoc power analysis 

(two-tailed α = .05) indicated that N = 140 provided > 96% power to detect the medium-to-large correlations observed for 

cardiovascular endurance, push-up performance, and standing broad jump, but only ≈ 61% power for the small correlation 

observed with flexibility (see Discussion for the implications of this asymmetry). 

Variables 

The independent variable was BMI (kg/m²). The dependent variables were the four fitness components: cardiovascular 

endurance, muscular strength and endurance, explosive leg strength, and flexibility. 

Anthropometric measurement 

Height was measured barefoot, in an upright position, using a standard stadiometer. Weight was measured using a digital scale 

with participants in light clothing and without shoes. BMI was calculated as weight (kg) divided by height squared (m²), following 

WHO conventions [1], using the BMI & Ponderal Index calculator (Engine 1) of the IJSSHP Comprehensive Sports Science 

Research Suite [44]. 

Physical fitness assessment 

● Queen's College Step Test — cardiovascular endurance, estimated from recovery pulse rate after a standardized 3-minute 

stepping protocol. The test was originally validated in college-aged women [39] and has since shown acceptable validity 

against directly measured maximal oxygen uptake in South Asian samples [42]. 

● Push-Up Test — muscular strength and endurance, maximum continuous repetitions to a standardized cadence, consistent 

with recommended approaches to assessing muscular fitness in youth [25]. Recent meta-analytic evidence supports high 

test–retest reliability of this field test in children and adolescents (pooled ICC = 0.91), though criterion validity evidence 

against laboratory strength measures remains comparatively limited [41]. 

● Standing Broad Jump Test — explosive leg strength, longest horizontal jump distance (cm); a widely used field-based 

measure of muscular power grounded in the motor-development literature [28], with established criterion-related validity in 

youth [34]. Jump distance reflects the stretch-shortening cycle mechanics of the leg extensors [35], the same mechanism 

targeted by plyometric training methods [32]. 

● Sit-and-Reach Test — flexibility, best forward-reach distance (cm), following the original Wells and Dillon protocol [38]. 

Meta-analytic evidence indicates moderate criterion-related validity of this test against directly measured hamstring 

extensibility, and weaker validity for lumbar extensibility specifically [40], a caveat considered when interpreting the flexibility 

findings below, alongside the broader biomechanical literature on joint range-of-motion assessment [29]. 

Procedure 

● Institutional permission was obtained before data collection. 

● Study objectives and procedures were explained to participants. 

● Anthropometric measurements were taken first, followed by fitness tests after a standardized warm-up. 

● Adequate rest intervals were provided between tests to control for fatigue effects. 
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● All testing was conducted under comparable environmental conditions, by the same research team, to minimize inter-rater 

measurement variability. 

Planned statistical analysis 

Data were analyzed in SPSS version 25. Descriptive statistics (means, standard deviations) characterized the sample. Pearson's 

product-moment correlation quantified the BMI–fitness associations; 95% confidence intervals for each correlation were 

derived via the Fisher z-transformation, exact two-tailed p-values were derived from the t-distribution (df = 138), and the 

coefficient of determination (R²) was calculated to express the proportion of variance shared between BMI and each fitness 

outcome. Effect sizes were classified using Cohen's conventions (small ≈ .10, medium ≈ .30, large ≈ .50), and post-hoc statistical 

power was calculated for each correlation given the achieved sample size. Statistical significance was set at p < .05. 

Ethical considerations 

● Participation was voluntary, and participants were informed of the study's purpose. 

● Confidentiality of collected data was maintained throughout. 

● No procedure involved risk of harm to participants. 

RESULTS 

Table I presents the descriptive characteristics of the sample (N = 140). 

Variable Mean SD 

Age (years) 21.35 1.42 

Height (cm) 165.42 7.31 

Weight (kg) 61.84 8.56 

BMI (kg/m²) 22.54 3.12 

Cardiovascular endurance score 42.68 5.41 

Push-up test (repetitions) 24.17 6.23 

Standing broad jump (cm) 178.25 18.64 

Sit-and-reach test (cm) 23.42 5.18 

 

Table II presents the Pearson correlations between BMI and each fitness component, together with 95% confidence 

intervals (Fisher z-transformation), variance explained (R²), exact two-tailed p-values (t-distribution, df = 138), post-hoc 

statistical power (two-tailed α = .05), and effect-size classification using Cohen's conventions (small ≈ .10, medium ≈ .30, 

large ≈ .50). 

Association r 95% CI R² (%) Exact p Power† Effect size† 

BMI and cardiovascular 

endurance 
−0.48 −0.60, −0.34 23.0 < .001** > .999 Medium–large 

BMI and push-up performance −0.31 −0.45, −0.15 9.6 < .001** .963 Medium 

BMI and standing broad jump −0.42 −0.55, −0.27 17.6 < .001** .999 Medium–large 

BMI and sit-and-reach test −0.19 −0.35, −0.02 3.6 .025* .615 Small 

*p < .05; **p < .001. †Power = post-hoc statistical power to detect the observed effect at α = .05. 

BMI was significantly and negatively correlated with all four fitness components. By effect size and variance explained, the 

strongest associations were with cardiovascular endurance (R² = 23.0%) and standing broad jump (R² = 17.6%), both 

approaching Cohen's threshold for a large effect; push-up performance showed a medium effect (R² = 9.6%). The association 
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with flexibility, while statistically significant, was small in magnitude (R² = 3.6%), indicating that BMI accounts for only a modest 

share of the variance in sit-and-reach performance in this sample. 

 

Figure 2. Pearson correlation coefficients for BMI and each fitness component, with 95% confidence intervals (Fisher z-

transformation). 

 

Figure 3. Percentage of variance in each fitness component explained by BMI (R²). 

DISCUSSION 

BMI was significantly and negatively associated with all four fitness components measured in this sample of secondary school 

girls, but the strength of that association varied markedly by component: large-to-medium for cardiovascular endurance and 

explosive leg strength, medium for muscular strength/endurance, and small — though still statistically significant — for 

flexibility. This indicates that BMI's relationship with fitness in this population is graded rather than uniform: it matters most 

for aerobic capacity and power, and least, though not negligibly, for flexibility. Against the four hypotheses set out in the 

Introduction, H1, H2, and H3 were supported without qualification; H4, tested without a directional prediction, resolved toward 

a real but modest association rather than the null result reported in some prior work. 
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The cardiovascular endurance finding is consistent with reports that overweight and obese adolescents generally show reduced 

aerobic capacity [4, 20], plausibly reflecting the added cardiovascular workload and reduced movement economy associated 

with excess adiposity. The muscular strength/endurance finding parallels observations that overweight adolescents show lower 

muscular fitness [27], while broader evidence on youth physical activity supports the role of regular activity in building muscular 

fitness [5]. The explosive-power finding — poorer standing broad jump performance at higher BMI — is consistent with work 

on adiposity's mechanical burden on jumping and other propulsive movements [33]. Notably, the R² values obtained here (17.6–

23.0% for cardiovascular endurance and broad jump) are broadly comparable in magnitude to those reported in the European 

HELENA adolescent cohort for related BMI–fitness associations [20], suggesting the strength of these relationships in 

Bangladeshi girls is not markedly different from patterns observed in higher-income settings, despite very different nutritional 

and activity contexts. 

The flexibility finding aligns more closely with reports that excess adiposity can mechanically restrict joint range of motion [31] 

than with earlier work reporting no meaningful BMI–flexibility association [30]. However, the effect size here was small (R² = 

3.6%), so while the relationship is unlikely to be due to chance at this sample size, BMI is a comparatively minor determinant 

of flexibility relative to its role in aerobic capacity, strength, and power in this sample; the mixed picture in the wider literature 

[30, 31] likely reflects genuine variability in effect size across populations rather than a single true-or-false answer to whether 

BMI relates to flexibility. Two further factors temper this particular finding specifically. First, this sample provided only ≈ 61% 

power to detect an effect of this size, meaning a modestly different sample could plausibly have returned a non-significant result 

— the flexibility association should be treated as more fragile than the other three until replicated. Second, the sit-and-reach 

test itself has only moderate criterion-related validity against directly measured hamstring extensibility, and weaker validity for 

lumbar extensibility specifically [40], so part of the observed BMI–flexibility association may reflect measurement-level noise 

rather than a purely biomechanical restriction effect. 

These patterns sit within a wider literature linking sedentary behaviour and physical inactivity to both elevated BMI and reduced 

fitness in youth [6, 11], and within the Bangladeshi context specifically, where adolescent girls report comparatively low physical 

activity participation and less favourable activity attitudes than boys [8, 23]. This suggests the BMI–fitness associations observed 

here are not an isolated local finding but are consistent with a broader regional pattern of reduced activity opportunity for 

adolescent girls. Practically, this implies that school-based interventions in Bangladesh that increase girls' access to structured 

physical activity — addressing the social and cultural barriers documented elsewhere [8] — may plausibly improve both BMI 

and fitness simultaneously, consistent with broader evidence that school physical education programmes measurably raise 

activity levels and attitudes [12, 15], though the cross-sectional design of the present study cannot establish this causally and 

intervention trials would be needed to confirm it. 

Limitations 

● The cross-sectional, correlational design precludes causal inference; BMI and fitness may influence one another 

bidirectionally over time, and reverse causation (lower fitness contributing to higher BMI, rather than the converse) cannot 

be ruled out. 

● BMI does not distinguish fat mass from lean mass, so the true driver of the associations (adiposity versus muscularity) 

cannot be disentangled from BMI alone; direct body-composition measures (skinfolds, bioelectrical impedance, or DXA) 

would strengthen future work. 

● The field-based fitness tests used, while practical for school-based data collection, vary in criterion-related validity — 

comparatively well established for the step test and standing broad jump [34, 39, 42], but more limited for the sit-and-reach 

test specifically [40] — which should be weighed when interpreting the smaller effect sizes observed. 

● The study was well powered (> 96%) to detect the medium-to-large associations found for cardiovascular endurance, push-

up performance, and standing broad jump, but only moderately powered (≈ 61%) for the small flexibility association; this 

asymmetry means the flexibility finding in particular warrants replication in a larger sample before being treated as 

established. 

● Purposive sampling from a limited number of institutions may restrict generalizability to secondary school girls in 

Bangladesh more broadly; future work should use random or multi-site sampling and, where feasible, a longitudinal design 

capable of testing the directionality of the BMI–fitness relationship. 
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Directions for future research 

● Longitudinal follow-up: tracking the same girls over 2–3 years would clarify whether BMI change precedes fitness change, 

fitness change precedes BMI change, or both influence each other reciprocally — something the present cross-sectional 

design cannot resolve. 

● Direct body-composition assessment: pairing BMI with skinfold thickness, bioelectrical impedance, or (where resources 

allow) DXA would let future studies separate the effects of fat mass from lean mass on each fitness component, rather than 

relying on BMI as a single composite proxy. 

● Larger, multi-site, randomly sampled cohorts: replicating this design across urban and rural schools, and across a larger 

sample, would both improve generalizability and directly address the power limitation identified for the flexibility 

association. 

● Sex-comparative designs: extending the same battery to boys would clarify whether the graded pattern observed here (strong 

for cardiovascular/power, weak for flexibility) is specific to adolescent girls or a general feature of the BMI–fitness 

relationship in Bangladeshi youth. 

● Mediation analysis: incorporating physical activity level, screen time, and dietary intake as candidate mediators would help 

clarify the behavioural pathways underlying the BMI–fitness associations reported here, moving from association toward 

mechanism. 

● Intervention trials: school-based physical education or combined nutrition–activity interventions, evaluated with a 

controlled or randomized design and structured according to established training-periodization principles [24], would test 

directly whether improving BMI and/or activity levels produces the fitness gains this cross-sectional study can only 

associate, not confirm. 

● Locally validated flexibility measurement: given the only moderate criterion validity of the sit-and-reach test noted above 

[40], future Bangladeshi studies would benefit from validating this or an alternative flexibility field test specifically against 

directly measured hamstring/lumbar extensibility in a South Asian adolescent sample. 

CONCLUSIONS 

Among secondary school girls in Bangladesh, higher BMI was associated with lower performance across all four fitness 

components assessed, with large-to-medium associations for cardiovascular endurance, explosive leg strength, and muscular 

strength/endurance, and a small but statistically significant association with flexibility. School-based physical education and 

nutrition programmes that support healthy BMI are therefore likely to yield the greatest fitness benefit for aerobic capacity and 

lower-body power, with a smaller — though still real — benefit for flexibility, which may warrant its own dedicated 

programming rather than being left to improve solely as a side effect of weight management. Given the fragility of the flexibility 

finding at this sample size and the moderate validity of the sit-and-reach test itself, this specific result should be treated as 

provisional pending replication in a larger, multi-site sample. 
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