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Analysis of the Relationship between Maximum Oxygen Uptake
and Physical Characteristics

Hyun Tae OK', Su Jeong LEE', Kwang Min OH', Hyun Joon SOHN'~

lAnatomy, Medical School, Chungbuk National University
*Biomedical Research institute, Chungbuk National University Hospital

Abstract : This study aims to analyze the relationship between subjects’ health, physical characteristics related
to fitness, and VO,max measured by direct methods. The goal is to provide foundational data for developing safe,
individualized, and systematic exercise prescription programs for health promotion and disease prevention. The
study involved 30 men and 11 women in their 20s. All participants underwent measurements of body composition,
anthropometry, muscle strength and endurance of the upper and lower extremities, and graded exercise tests (GXT)
to determine VOomax, exercise load, heart rate, and blood pressure. Correlation analysis and multiple regression
analysis were performed on all measured data to determine the relationship between VO.max and physical
characteristics. Body Fat Percentage (%BF) showed the strongest negative correlation with VO,max, with a
correlation coefficient of —0.817. The results of multiple regression analysis indicated that %BF had a significant
relationship with VO,max, and the p-value was 0.000, which is statistically significant. Hip circumference
exhibited a negative correlation with VO,max, with a correlation coefficient of —0.314. However, in the multiple
regression analysis involving body measurements and VO,max, no statistically significant results were observed
for any of the parameters. Upper body strength showed the strongest positive correlation with VO,max, with a
correlation coefficient of 0.578. Nonetheless, the multiple regression analysis of physical function and VO,max
did not yield statistically significant results. Maximum systolic blood pressure (SBPmax) during exercise
demonstrated a strong positive correlation with VO,max, with a correlation coefficient of 0.787. The results of the
multiple regression analysis indicated that SBPmax had a significant relationship with VO.max, with a p-value of
0.000, which is statistically significant. This study emphasizes the importance of body fat percentage in relation
to VO,max levels, which are known to be closely related to overall human health. Therefore, in terms of exercise
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prescription and programming, it is desirable to not only consider the relationship between cardiovascular fitness

factors, such as VO,max, and body composition, which have traditionally been proven to be related, but also

to take into account overall fitness factors, including improvements in strength and muscular endurance, which

might otherwise be overlooked as important health-related fitness factors.

Keywords : Body composition, Physical measurements, Exercise function, Maximal oxygen uptake
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2. A3 EA

2 A7 QAAES i dRAT S A lA
TS 4= e ARLE v BAE] 8 A 9=
g BEsel B AL, AAE 5 oA 2ekE 4
H Al (medical screening)S ‘13:]'9\):‘:}[14

=2

AAERS SAsAT. 1A 7] (height)—e— 2R3}, o

Z AdgEA AAY EA7|E o83 AF (weight), Z2F

¥ (skeletal muscle mass), A A= (body fat mass), Al
A A=A 4=(body mass index), 3] 2]- & o] H]-& (waist-hip
ratio), A A 9-& (percent body fat), 1] I X9l 2| (lean
body mass)S ST 2 W, RS Hopke
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Table 1. Characteristics of study subjects

Male (N=30) Female(N=11) Total(N=41)
Variables

Mean SD Mean SD  Mean SD

Age (years) 2253 173 21.54 136 2226 1.68
Height(cm) 17523 594 160.09 4.61 171.17 8.78
Weight (kg) 76.79 1512 573 6.78 7156 1593




Table 2. Measurement items
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Table 3. Treadmill bruce protocol

Variables Experimental tool Stage Speed (mph) Gradient (%) Duration (min)

Heigh (cm) Height meter (Chosunshop, Korea) 1 1.7 10 3

Body composition Bioelectrical impedance body fat 2 2.5 12 3

analyzer (Inbody 270, Korea) 3 34 14 3

Circumference (cm) Caliper 1.5 m (Morning glory, 4 42 16 3

China)

. . 5 50 18 3

Graded exercise test Treadmill (Startrack TRc, USA) 6 55 20 3
Respirat 1 k b2 (COSMED, Ital '

espiratory gas analyzer Quar ( aly) - 6.0 ” 3

Pro-specs electronic hand
dynamometer (Sin sports, China)

Grip strength test (kg)

Bench press 1-RM test (kg)
Squat 1-RM test (kg) Squat rack (Newtech, Korea)
Muscular endurance test (reps) Push-up Test (ACSM, USA)

Olympic bench (Newtech, Korea)
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3) =di|=H (circumference)
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6) Z|cH22 ZAt(one repetition maximum test)

28 =42 National Strength and Conditioning
Association (NSCA) Aol iz} WA 2| & ()2 &
F ez AYSATH19]. AN A= APl AHA|
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(ACSM) Aol we} Ts 57| HALR JPstATH[14].
HALS E2E A= ““&X]*E— eAs] Hi F& 50 29
. ol W=o] $& WA ek WAz AXw
o g FEE U EEH7IE ste W E AR

SR F4 0] A02 FHT A A 5
oo, ZHE ZAE A EtAY FestA A&
A%, AAE FHEAT,

4. X2 X2

£ dlo]E]& SPSS Statistics Ver. 272 A}-&-3Fo] 24
stgom, Yol AARA, AAAZ, KA 75, AFelsHd
2o B @ EEFHUAE AESIAT AAEA T
A H=FY] BAAE 2AFSH] 8l AB/EAE $35t

l

F

/\ -
T AASHE SYUSE, AL ATS FEUSE
She thEaAEAS AAsEt M AEE 9% fl

Y
Z& p<0052 4R3It

+

1. e MHEY SN
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) AAAS BE U BEUAE N9 BE Guo|
A A7 =R 3;;— Ytt. Upper Arm, Forearm, Waist,
Abdomen, Calfo] A EAHo2 §olgt 2o]7} ehytrt
(Table 5).

2 RZUAE BE, W) oA
2E &Eof A =t} Grip strength, Bench press, Squato]|

Table 4. Characteristics of body composition by gender

Male Female
Variables p-value

Mean SD Mean SD

BMI (kg/mz) 24.89 4.11 2225 222 0.052

BF (%) 20.04 7.25 3348 6.52 0.001*
WHR (%) 0.88 0.07 0.88 0.04 0.998
BFM (kg) 16.12 893 19.15 3.87 0.286
SMM (kg) 34.49 4.87 2044 221 0.001*
LBM (kg) 60.46 8.44 37.96 3.76 0.001*

*p<0.05 (t-test)

SD: Standard deviation, BMI: Body mass index, BF: Body fit, WHR: Waist
hip ratio, BFEM: Body fat mass, SMM: Skeletal muscle mass, LBM: Lean
body mass. *: Statistically significant difference.

Table 5. Characteristics of anthropometric measurements by gen-
der

Male Female
Variables p-value
Mean SD Mean SD

Upper arm (cm) 32.83 371 27.12 3.13  0.001*
Forearm (cm) 26.66 2.17 21.94 1.31 0.001*
Hip (cm) 98.73 7.83 9443 386  0.091
Waist (cm) 82.17 9.39 71.65 548  0.001*
Abdomen (cm) 85.11 1122 7507 697  0.009*
Thigh (cm) 59.79 6.16 56.02 426  0.070
Calf (cm) 38.38 3.18 34.69 2.80  0.002%

*p<0.05 (t-test)
SD: Standard deviation, *: Statistically significant difference.

A EAHLE o7t 2bo| 7 T H T (Table 6).
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Table 6. Characteristics of physical functions by gender

Male Female
Variables p-value
Mean SD Mean SD
Grip strength (kg) 46.61 6.26 30 460 0.001*
Bench press (kg) 7885 1758 2727 6.84 0.001*
Squat (kg) 111.63 2283 4772 1708 0.001*
Push-up (reps) 35.16 1873 23.18 1735 0.072

*p<0.05 (t-test)
SD: Standard deviation, *: Statistically significant difference.

Table 7. Characteristics of physiological responses by gender

Male Female
Variables p-value
Mean SD Mean SD

HR rest 73.13 12.85 67.36 6.74  0.166
HR max 1924 8.83 189.09 10.33 0.316
SBP rest 118.93 13.18 104.36 12.25 0.003*
DBP rest 70.4 6.83 64 758  0.014*
SBP max 190.26 13.67 162.18 1497  0.001*
DBP max 77.06 6.31 72 737  0.036%

*p<0.05 (t-test)
SD: Standard deviation, HR: Heart rate, SBP: Systolic blood pressure, DBP:
Diastolic blood pressure, *: Statistically significant difference.

Table 8. Characteristics of maximal oxygen uptake by gender

Male Female
Variables p-value
Mean SD  Mean SD
VOomax (mL/kg/min) 4504 696 3533 390 0.001*

*p<0.05 (t-test)
SD: Standard deviation, VO;max: Maximal oxygen consumption, *: Sta-
tistically significant difference.

At WY B ANEEe] £248 Hojianol
olx| = 9] A7} ekt (Table 9).

7. 54 HA| LA =G0t Z[cfiA M T2

CLHsslH=EN

e AA Y HAALHdAFES TEHUFE T AARA
o] 3| HEA A}, BF (%)°)A p-value 0.00022
FAALE F5HA YEHRTH(p<0.05). °l&= 3y EF
AAFEC] FEE AL FHFo] gohes AE 9]
3t} (Table 10).
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Table 9. The correlation between body composition and maximal
oxygen uptake in men and women

BMI  BF  WHR BFM SMM LBM
(kgim?) (%) (%) kg)  (kg) (kg

VO2max

— — * = — *
(mL/kg/min) 0.287 —0.817 0.041 —0.649*% 0.296 0.283

*p<0.05 (pearson correlation analysis)

BMI: Body mass index, WHR: Waist hip ratio, BFM: Body fat mass, BF:
Body fat, SMM: Skeletal muscle mass, LBM: Lean body mass, VO,max:
Maximal oxygen consumption, *: Statistically significant difference.

Table 10. Multiple regression analysis of body composition and
maximal oxygen uptake in men and women

Variables Coefficient ~Standard error T-statistic p-value
BMI (kg/m’)  —1.000 0.753 -1329 0.196
BF (%) —1.262 0.331 —3.824  0.000%
WHR (%) 1.324 1299 1019 0318
BFM (kg) 0.880 0.590 1490  0.149
SMM (kg) 8.462 6.511 1299  0.206
LBM (kg) 18.306 17.697 1.034 0311

*p<0.05 (multiple regression analysis)

BMI: Body mass index, WHR: Waist hip ratio, BFM: Body fat mass, BF:
Body fat, SMM: Skeletal muscle mass, LBM: Lean body mass, *: Statistic-
ally significant difference.

8. & HA| LM|AIST ZIchitAMFEIS| HEEA

o AA NAAZT HRPLHHG B
3}, hip cm)el A ARAS —03142 AAAS T2
A e AUBAL Bt ggol Beldte] 245
Ak Feo] WobA: 9 AeEAZE ekt (Table
).
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Table 11. The correlation between anthropometric measurements and maximal oxygen uptake in men and women

Upper arm (cm) Forearm (cm)

Hip (cm)

Waist (cm) Abdomen (cm) Thigh (cm) Calf (cm)

VO,max

(mL/kg/min) 0028

0.217

—0.314*

—0.143 —0.257 —0.256 —0.070

*p<0.05 (pearson correlation analysis)

VO:max: Maximal oxygen consumption, *: Statistically significant difference.

Table 12. Multiple regression analysis of anthropometric mea-
surements and maximal oxygen uptake in men and women

Table 14. Multiple regression analysis of physical functions and
maximal oxygen uptake in men and women

Variables Coefficient Standard error T-statistic p-value Variables Coefficient Standard error T-statistic p-value
Upper arm (cm) 0.731 0.562 1.302  0.205 Grip strength (kg)  —0.001 0.018 —-0975 0922
Forearm (cm) 0.231 0.610 0379  0.707 Bench press (kg) 0.175 0.094 1.850  0.072
Hip (cm) 0.658 0.568 1.157  0.258 Squat (kg) 0.075 0.063 1.191  0.241
Waist (cm) 0.148 0.464 0319  0.752 Push-up (reps) 0.116 0.067 1.711 0.095
Abdomen (cm) —0.056 0.286 —-0.195 0.846 *p<0.05 (multiple regression analysis)

Thigh (cm) 0.843 0.717 1.176 ~ 0.250
Calf (cm) 1.153 0.714 1612  0.119

*p<0.05 (multiple regression analysis)

Table 13. The correlation between physical functions and maxi-
mal oxygen uptake in men and women

Grip strength ~ Bench press ~ Squat ~ Push-up
(kg) (kg) (kg) (reps)
VO;max By . i}
(mL/kg/min) 0.010 0.578 0411 0.397

*p<0.05 (pearson correlation analysis)
VO,max: Maximal oxygen consumption, *: Statistically significant difference.

1. e ZH ARIIS
SEEICRY
g AAe) HradAFe Fauss o A7)
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Bo) GFHALA AW, BE JA/)s FRo|H A
o2 §olgt ATHE Ro|%| gkt (Table 14).
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oA 7 e Th(Table 15).
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Table 15. Correlation analysis between physiological responses and maximal oxygen uptake in men and women

HR rest HR max SBP rest DBP rest SBP max DBP max
(beat/min) (beat/min) (mmHg) (mmHg) (mmHg) (mmHg)
VOmax -0.117 0.086 0.311% -0.020 0.787* 0.022

(mL/kg/min)

*p < 0.05 (pearson correlation analysis)

HR: Heart rate, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, VO>max: Maximal oxygen consumption, *: Statistically significant difference.

Table 16. Multiple regression analysis of physiological responses
and maximal oxygen uptake in men and women

Variables Coefficient ~ Standard error  T-statistic ~ p-value
HR rest

(boat/min) 0.152 0.109 1395  0.172
HR max

(beatimin) 0.101 0.122 0829 0412
SBP rest 0.047 0.094 0498 0612
(mmHg)

DBPrest 011 0.009 —1.136 0263
(mmHg)

SBP max 0.259 0.064 4019  0.000%
(mmHg)

DBPmax ) ;55 0205 —0607 0547
(mmHg)

*p<0.05 (multiple regression analysis)
HR: Heart rate, SBP: Systolic blood pressure, DBP: Diastolic blood pre-
ssure, *: Statistically significant difference.
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