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Abstract : This study aimed to investigate sex differences in treadmill-based total workload, maximal oxygen
uptake (VO2 max), and cardiorespiratory fitness responses, and to evaluate the association between total workload
and VO, max from an anatomical and physiological perspective. Sixteen healthy adults (8 males and 8 females)
participated in graded exercise testing using the Modified Bruce protocol. Exercise duration, speed, incline, heart
rate, and directly measured VO, max were obtained during treadmill testing. Total workload was calculated by
integrating body weight, exercise speed, incline, and exercise duration. Independent t-tests, Pearson correlation
analysis, ANCOVA, and Cohen’s d effect size analysis were performed. Additional Spearman correlation and
sensitivity analyses were conducted to evaluate the robustness of the findings. Males demonstrated significantly
higher VO, max and METs than females (p <.001). Mean VO, max was 46.69 +4.89 ml /kg/min in males and
35.89 £2.28 mL/kg/min in females. Exercise duration and total workload were also higher in males; however, these
differences did not reach statistical significance (p=.058 and p=.077, respectively). Effect size analysis revealed
very large effects for VO2 max (d=2.80) and METs (d=3.20), and a large effect for total workload (d=0.92).
A strong positive correlation was observed between total workload and VO, max (r=.86, p<.001), which
remained consistent across Spearman correlation and sensitivity analyses. The present findings suggest that sex-
related differences in cardiorespiratory fitness may be associated with underlying morphological and physiological
characteristics, including skeletal muscle mass, cardiac size, and oxygen transport capacity. In addition, total
workload demonstrated a strong association with VO, max, indicating its potential usefulness as a workload-
based indicator of exercise performance. Although this exploratory pilot study was limited by a small sample
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size, the findings provide preliminary evidence supporting the relationship between morphological characteristics

and functional exercise responses and may serve as a foundation for future investigations of workload-based

cardiorespiratory fitness assessment.
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Table 1. General characteristics of participants

Table 2. Modified Bruce protocol used in this study

. Male (n=238) Female (n=28)
Variable Mean = SD Mean = SD t
Age (years) 23.00x£1.60 21.50£1.60 1.90 08
Height(cm)  174.38+7.24 160.88+£2.64 500 <.001
Weight (kg) 7541x£13.90 5791£7.30 3.16 <.05

Values are presented as mean * standard deviation. p-values were obtained
using independent t-test. p<.05 was considered statistically significant.
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AHR|7L8] 7= Modified Bruce protocol (Table 2)&
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Stage Speed (mph) Gradient (%) Duration (min)
1 1.7 10 3
2 25 12 3
3 34 14 3
4 42 16 3
5 5.0 18 3
6 55 20 3
7 6.0 22 3

Each stage was performed for 3 minutes with incremental increases in speed
and gradient. The test was continued until volitional exhaustion or termination
criteria were met.
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Table 3. Measurement equipment used in this study
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+ Table 4] A|AJ3FETE.

A o] HhARAAF T (VO, max)S 46.69 +4.89 mL/kg/
minZ 9J4¢] 35.89+2.28 mL/kg/minEtt 3251 &7
UeRgtht=5.37, p< .001). 3t METs 9A] YA (13.44 +
1.14)0] 9/ (10.25+0.65) 2t +oJ3HA &2 4= YE
WohHt=6.77, p< .001). =FR|<&A| 7 H(exercise time)< F
Aol A 18.21£3.118, AAoA 1536+£2.49E 02 G4
o] T ¥ S Eou AR fodolle EEsHA &
ThHt=2.06, p=.058). = 513} (total workload) <
Al 4 (1858.63£877.52 J/kg)©] o4 (1207.75+436.18 1/
kg)Hth =2 e Ui oy SAZ R Fo51A] ghgitt
(t=191, p=077). 2} SFAINY T LEH}F BF
oA dBEA 22 AFS UEdleH, A4 §94
o= EEaHA] Fsol= Hlwd F Zjo|7h IEE Gt o]

Equipment Model Manufacturer Measurement variables
Treadmill STAR TRAC E-TRx Star Trac, USA Speed, incline
Metabolic analyzer Quark CPET COSMED, Italy VO max, ventilation
Heart rate monitor Polar H10 Polar Electro, Finland Heart rate

Digital workload sensor KOLAS verified sensor

Kanghan Innosys, Korea Speed, incline, workload

All measurements were obtained using an integrated cardiorespiratory fitness assessment system. VO, max was directly measured using breath-by-breath gas

analysis.

Table 4. Comparison of physiological variables between males and females

Variable Male (Mean = SD) Female (Mean £ SD) t p
VO; max (mL/kg/min) 46.691+4.89 35.89+2.28 5.37 <.001
METs 1344+1.14 10.25+0.65 6.77 <.001
Exercise time (min) 18.21x+3.11 1536+2.49 2.06 058
Total workload (J/kg) 1858.63 £877.52 1207.75+436.18 191 077

Values are presented as mean =+ standard deviation. p-values were obtained using independent t-test.
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Fig. 1. Distribution of VO, max according to sex.
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Fig. 2. Effect sizes (Cohen’s d) for physiological variables between
males and females.

Table 5. Effect size analysis (Cohen’s d) between males and females

Variable Cohen’s d Interpretation
VO, max (mL/kg/min) 2.80 Very large
METs 320 Very large
Exercise time (min) 0.95 Large
Total workload (J/kg) 0.92 Large

Effect sizes were calculated using Cohen’s d. Interpretation: small (0.2),
medium (0.5), large (0.8).

Table 6. ANCOVA results controlling for age and body weight

Source F p

Sex 9.12 <.05
Weight 4.36 <.05
Age 3.11 09

ANCOVA was performed to control for age and body weight. p<.05 was
considered statistically significant.
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Fig. 3. Adjusted mean VO, max by sex after controlling for age and
body weight.

Table 7. Correlation between total workload and VO, max

Variable r p

Workload vs VO, max 0.86 <.001

Pearson correlation coefficients were calculated. p<.05 was considered
statistically significant.
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Fig. 4. Relationship between total workload and VO, max with
linear regression line.

Table 8. Robustness analysis of correlation results

Analysis method r p
Pearson correlation 0.86 <.001
Spearman correlation 0.83 <.001
Outlier removed (Pearson) 0.81 <.001

Correlation analyses were conducted using Pearson and Spearman methods.
Outlier removal was performed to evaluate the robustness of the results.
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25 ;B ATE ESY A WFLERSHAANA AT B L5 (total workload) T HPAAHHF
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