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Abstract: This study aims to investigate the relationship between the physical fitness performance of college 

freshmen and the BMI body weight status (normal/ abnormal). We conducted case studies and obtained data on 

7,160 participants aged 18 years from a university in southern Taiwan. All participants completed four physical 

fitness tests (seated forward bench, standing long jump, sit-ups, and cardiorespiratory endurance) and BMI 

assessments with the professional assistance of PE teachers. BMI is used to define the normal and abnormal state 

of body weight. Logistic regression analysis was used in this study. The results show that the four physical fitness 

tests currently implemented in college physical education can be used to predict whether the weight of the 

freshmen is normal. Cardiorespiratory endurance seems to be the most important feature for predicting the type of 

BMI (normal/abnormal), whether male or female. When the "cardiorespiratory endurance" of freshman students 

increases by a category, the probability of males belonging to the healthy weight category increases by 4.879 

times, and the probability of females increases by 2.927 times. This study provides a new perspective for 

predicting whether the freshman's body weight is normal or not by using different types of college physical fitness 

test performance. 
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1. Introduction  

Physical education in higher education is to 

help students develop good exercise habits and 

improve their health and physical fitness. Many studies 

point out that physical activity is negatively related to 

many diseases, such as obesity, depression, coronary 

artery disease, cancer and diabetes [1-6]. Physical 

fitness has been regarded as one of the indicators that 

can predict health [7-8]. Observing physical fitness can 

also be used to indicate whether a person has 

developed exercise habits [9]. Today, physical fitness 

has aroused widespread concern and has been 

confirmed to be positively correlated with body weight 

[10]. Based on this good scientific evidence, not only 

the PE teachers are encouraged, but also a new 

window is opened for the application of physical fitness 

testing. In Taiwan, institutions at all levels have also 

followed the "National Physical Fitness Act" to measure 

students' physical fitness from the fourth grade of 

elementary school to the first grade of the university 

since 2000. This leads the university's PE teachers to 

focus on improving students' explosive power, 

muscular endurance, flexibility, and cardiorespiratory 

endurance, to improve students' physical fitness when 

designing teaching activities. Whether students can 

maintain good physical fitness and healthy weight has 

gradually become one of the indicators for teachers to 

self-review the effectiveness of teaching. However, 

recent studies have found that college students' 

physical activities significantly decreased [11]. In 

addition, the rapidly rising prevalence rate due to 

obesity has also been raised as a warning [12]. This 

means that PE teachers should effectively solve the 

continuous decrease in students' physical activity and 

pay attention to the deterioration of students' physical 

fitness and the constant increase in weight. Evidence 

shows that the degree of overweight is negatively 

correlated with the individual's physical fitness level 

[13-14]. When students are in poor physical fitness, 

their body composition may also have problems. 

Previous studies have explored how students’ 

overweight or obesity affects their physical fitness 

performance, including reducing muscular endurance 

[15-17], cardiorespiratory endurance [18], flexibility 

[19], muscular strength/explosive power [10, 20-23]. 

However, to our knowledge, no studies have 

considered whether the physical fitness of college 

students can be used as a characteristic variable for 

predicting overweight. This may make it possible for 

students and physical education teachers to neglect 

the performance and application value of physical 

fitness. If PE teachers can predict whether students are 

overweight based on physical fitness, then teachers 

can make individualized physical activity plans based 

on it. In this way, teachers have a higher chance to 

guide students to increase their participation in sports 

activities. Today, the Body Mass Index (BMI) is a 

widely accepted and simple indicator for overweight. 

BMI has a significant relationship with physical fitness 

[24]. The present research provides a new perspective 

by using different types of physical fitness performance 

to predict BMI status (normal/ abnormal). 

In this research, a binary logistic regression 

prediction model is created. The reason why the 

logistic regression method is chosen in this study is 

that many studies have pointed out that its effect is no 

less than other advanced machine learning method. 

[25-26] By using a dataset of observed physical fitness 

of a person based on their muscular endurance, 

cardiorespiratory endurance, flexibility, and muscular 

strength/explosive power, a prediction model is created 

to classify whether a college student is a normal or 

abnormal category. We conducted a case study to 

examine the university's physical fitness database and 

determine whether physical fitness can be used as a 

predictor of whether the BMI of college students is 

normal weight or not to provide information for more 

effective teaching and intervention measures in PE 

courses. 

 

2. Materials and Methods  
2.1. Data collection 

The data in this study are collected from the 

physical fitness database of 7,160 students from a 

university in southern Taiwan during the 2017~2020 

academic year. What we collect is the measurement 

data of students in their first grade. BMI was recorded 

six months after the physical fitness test was 

administered. Trained physical education teachers took 

all the measures.  

The explanatory variables considered in this 

study included variables seated forward bench 

(flexibility), standing long jump (muscular strength), 

sit-ups (muscular endurance), and cardiorespiratory 

endurance. In this research, the dependent variable 

was BMI type, classified between normal (health 

weight) and abnormal (overweight and obese 

individuals). Due to the limited number of obese 

students, overweight and obese data were pooled for 

the analysis (n=568) in this research. BMI Type is 

expressed here as a binary variable with ‘0’ meaning 

normal and ‘1’ meaning abnormal.  In terms of BMI 

type. In addition, cases of underweight, missing 
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values, null values, and values equal to zero are 

excluded from model training (n=509). In this 

research, the dataset (n= 6651, Male, 42.85% & 

Female, 57.15%) was divided into training composed 

of the 80% of subjects (n=5321), and testing 

composed of the remaining 20% of subjects (n=1330). 

Previous studies have found that the 

relationship between BMI and physical fitness varies 

with gender and maturity level [27]. In this study, we 

divided the dataset into males and females. We use 

the BMI standard for children aged 18 years from the 

U.S Department of Health and Human Services [28]. 

The dataset used in this research consists of six 

columns which are as follows (Table 1): 

 

2.2. Approach and Evaluation Criteria 

In this study, we adopted the following 

approaches. First, the Standard Scaler was used in this 

research. Scaling was implemented to the four 

dependent variables (seated forward bend, standing 

long jump, sit-ups, and cardiorespiratory endurance). 

Then, to explore the relationship between health-

related physical fitness levels and BMI type, each 

physical fitness measure was grouped into three by K-

Means Clustering. Third, we used the chi-square test 

statistic to measure the significance of the association. 

In this research, the logistic regression 

analyses for seated forward, bend standing long jump, 

sit-ups, and cardiorespiratory endurance was 

conducted to examine the odds of being overweight 

and healthy weight according to physical fitness in 

three categories. Binary Logistic Regression (LR) is the 

ratio between the probability of occurrence of an event 

and the probability of non-occurrence [29] which can 

be based on a binary dependent variable and several 

independent variables [30]. 95% confidence intervals 

(CI) and odds ratios (ORs) were calculated for each 

variable. However, collinearity can produce 

inappropriate results and reduce prediction accuracy 

[31].  

 

Table 1. Dataset and the descriptions 

Column Information and Method 

Gender ◼ Participant’s gender (i.e., Male, Female) 

Seated Forward 

Bench (flexibility) 

◼ How many times can the participant do seat forward bench? 

-The subject sits on the ground or a mat with the legs apart and shoulders, knees straight, 

and toes facing upward. The subject's hands are folded (two middle fingers on top of each 

other), slowly stretch forward as far as possible, and after touching the cloth ruler with the 

middle finger, pause for two seconds. Two attempts can be made to collect better results 

for data analysis and recorded as centimeters. 

Standing Long Jump 

(muscular strength, 

explosive power) 

◼ Performance measurement of participant's standing long jump. 

-Each subject was asked to stand at the starting line first and was asked to jump forward 

as far horizontally as possible. Both feet must jump up and land at the same time. The 

recorded distance was measured from the start mark of both feet to the nearest back of 

the foot. After two attempts, keep the maximum distance for analysis. Recorded as 

centimeters. 

Sit-ups (muscular 

endurance) 

◼ How many times can the participant do the sit-ups. 

- Participants first lie on their backs on the mat, cross their hands in front of their chests, 

and bend their knees about ninety degrees. Others press their insteps with both hands to 

help stabilize. During the test, the subjects used the contraction of their abdominal muscles 

to make the upper body sit up, and the elbows touched the knees and then returned to the 

posture. In one minute, the performance is calculated by the number of times. 

Cardiorespiratory 

Endurance 

◼ Measures of participant's cardiorespiratory endurance. 

- Participants complete the test by running (if they can't run, they can walk instead). 

Record the time when reaching the finish line (1600 meters for male and 800 meters for 

female). The test was measured in minutes and seconds. 

BMI ◼ Participant’s BMI 

-Weight (kg)/Height2 (m) 

-We adopted the definition from 2000 CDC growth charts—normal weight is defined as 

18.5 ≤ BMI < 25 kg/m2, abnormal (including both overweight and obese individuals) as 

BMI ≥ 25 kg/m2 [29].  
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Table 2. Basic characteristics of participants 

Variables Total N (%) Male N (%) Female N (%) P value 

Gender 5321 (100%) 2280 (42.9%) 3041 (57.1%) － 

BMI type    － 

Normal(Healthy Weight) 4754 (89.3%) 1837 (83.5%) 2917 (93.4%)  

Abnormal (including both 

overweight & obese) 
568 (10.7%) 362 (16.5%) 206 (6.6%)  

Seated Forward Bench    < .001*** 

Above 613 (11.5%) 338 (14.8%) 275 (9.0%)  

Average 1906 (35.8%) 906 (39.8%) 1000 (32.9%)  

Low 2802 (52.7%) 1035 (45.4%) 1767 (58.1%)  

Standing Long Jump    < .001*** 

Above 626 (11.8%) 343 (15.1%) 283 (9.3%)  

Average 1913 (35.9%) 912 (40.0%) 1001 (32.9%)  

Low 2782 (52.3%) 1024 (44.9%) 1758 (57.8%)  

Sit-ups    < .001*** 

Above 642 (12.1%) 352 (15.4%) 290 (9.5%)  

Average 1910 (35.9%) 913 (40.0%) 997 (32.8%)  

Low 2770 (52.0%) 1017 (44.6%) 1752 (57.7%)  

Cardiorespiratory Endurance    < .001*** 

Above 621  (11.7%) 347 (15.2%) 267 (8.8%)  

Average 1922 (36.1%) 923 (40.5%) 999 (32.9%)  

Low 2779 (52.2%) 1010 (44.3%) 1769 (58.3%)  

*p<.05, **p<.01, ***p<.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flowchart of the Prediction Model Design 

 

Therefore, in this study, multicollinearity is 

used to understand whether there is a correlation 

between the four independent variables. Specifically, 

we use equation (1) to obtain an estimated variance 

inflation factor (VIF) to detect multicollinearity, where 

R2 is the coefficient of determination for the regression 

of the explanatory variable on all other explanatory 

variables. 

VIF =  
1

1 − 𝑅2
                  (1) 

Furthermore, the receiver operating characteristic 

curve (ROC) is a method that evaluates the accuracy of 

classification models like the logistic regression model. 

It offers visualization and scalability of the classification 

accuracy. The ROC curve is drawn by the relation 

between specificity and sensitivity [32]. On the ROC 

curve, the vertical axis is the true positive rate (TPR), 

and the horizontal axis is the false positive rate (FPR). 

The area between the x-axis and the ROC curve is 

called the “area under the curve (AUC).” In the study, 

AUC was used as a performance indicator of the 

classification accuracy of the logistic regression model. 

The confusion matrix is used as the statistical 

performance of the model in this study, which is 

generated based on the predicted value and observed 

events [33]. Figure. 1 shows the flow of the prediction 
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model of how the implementation will be carried out. 

And P-value < 0.05 were considered statistically 

significant. 

The confusion matrix is composed of four 

indicators: true positive (TP), true negative (TN), false 

positive (FP), and false negative (FN). These evaluation 

indicators are used in this study to evaluate the 

performance of predictions. TP and TN represent the 

case where the actual result and the predicted result 

are the same, while FP and FN represent the case 

where the opposite result is obtained. In addition, 

Precision, Recall, F1-score, and Support are classified 

as reports in this study. The Precision indicator 

represents what percent of predictions are correct. 

Recall describes the percentage of positives that are 

correctly identified. The F1 score is the percentage of 

positive predictions that are correct. Support is the 

actual number of class occurrences in the specified 

data set. 

Based on the confusion matric model, 

precision, accuracy, recall(sensitivity), and F1-Score 

are calculated using Eqs. (2), (3), (4), and (5) [34]. 

precision =  
TP

TP + FP
                             (2) 

accuracy =  
TP + TN

TP + TN + FP + FN
       (3) 

recall(sensitivity) =  
TP

TP + FN
            (4) 

F1 − Score = 2
precision x recall 

precision x recall
     (5) 

The prediction model in this research was 

made using Python 3.9.6. 

 

3. Results 
3.1. Chi-square test and VIF 

Table 2 shows the distribution and the result of the 

chi-square test relationship. The result shows that the 

seated forward bench (p< .001), standing long jump 

(p< .001), sit-ups (p< .001), and cardiorespiratory 

endurance (p< .001) play significant role in BMI type. 

After determining the explanatory variables above, 

the next step is to filter them by performing 

multicollinearity analysis. This can be done by 

calculating the value of the VIF for each category. The 

value of VIF is greater than 10 indicates that the 

variable has a high degree of multicollinearity [35] and 

further analysis should not be considered [36]. 

According to Table 3, the results of the multicollinearity 

test show that there is no collinearity in this study. 

Therefore, these four variables were used in this study 

(Table 3). 

 

 

Table 3. VIF value for each independent variable on male BMI prediction model 

Explanatory variable 
VIF value 

Male Female 

Seated Forward Bend 2.288639 3.351330 

Standing Long Jump 6.608700 2.378743 

Sit-ups 5.682863 2.814725 

Cardiorespiratory Endurance 2.945395 1.748947 

 

Table 4. The regression coefficient of male/female BMI prediction model 

Model Explanatory variable B Std. Error Wald df Sig Exp(B) 

Male Constant -5.432 .632 73.948 1 .000 .004 

Seated Forward Bend .356 .133 7.223 1 .007 1.428 

Standing Long Jump -.847 .175 23.502 1 .000 .429 

SitUps -1.263 .167 57.102 1 .000 .283 

Cardiorespiratory Endurance 1.585 .102 243.176 1 .000 4.879 

Female Constant -3.135 .521 36.149 1 .000 .044 

Seated Forward Bend -.469 .240 3.807 1 .051 .626 

Standing Long Jump -1.192 .321 13.766 1 .000 .304 

SitUps -.617 .258 5.717 1 .017 .540 

Cardiorespiratory Endurance 1.704 .107 100.011 1 .000 2.927 

*The reference category is overweight 
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Table 5. Result of logistic regression model on BMI odds ratio 

Explanatory variable 
Normal- Healthy Weight 

Male Female 

Seated Forward Bend 1.428 (1.101 – 1.851) .626 (.391 – 1.002) 

Standing Long Jump .429 (.304 – .604) .304 (.162 – .570) 

Sit-Ups .283 (.204 – .392) .540 (.325 – .895) 

Cardiorespiratory Endurance 4.879 (3.998 – 5.955) 2.927 (2.372 – 3.613) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6. Confusion matrix for male BMI prediction model 

Test Data / Amount given 
Predicted as 

Normal Abnormal 

Normal(healthy weight) / 308 286 22 

Abnormal (including both overweight & obese) / 262 43 219 

 

 

Table 7. Confusion matrix for female BMI prediction model 

Test Data / Amount given 
Predicted as 

Normal Abnormal 

Normal (healthy weight) / 417 412 5 

Abnormal (including both overweight & obese) / 343 23 320 

 

Table 8. Classification report 

Model Precision Recall F1-score Support 

Male Normal (healthy weight) .87 .93 .90 308 

Abnormal (including both overweight & obese) .91 .83 .87 262 

Accuracy  .89 570 

Macro average .89 .88 .88 570 

Weighted Average .89 .89 .89 570 

Female Normal (healthy weight) .95 .99 .97 417 

Abnormal (including both overweight & obese) .99 .93 .96 343 

Accuracy  .96 760 

Figure 2. ROC curve for male model Figure 2. ROC curve for male model Figure 3. ROC curve for female model 
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Macro average .97 .96 .96 760 

Weighted Average .96 .96 .96 760 

 

Table 9. Accuracy and confidence value for two models 

Model BMI type Confidence Overall Accuracy 

Male Normal (healthy weight) 90% 
89% 

Abnormal (including both overweight & obese) 87% 

Female Normal (healthy weight) 97% 
96% 

Abnormal (including both overweight & obese) 96% 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. BMI type Prediction Feature Importance Bar. 

 

3.2. Model Training 

This research divides the dataset into 80% for 

training and 20% for testing. Regression coefficient for 

each factor used in making the logistic regression are 

as follows (Table 4). 

In logistic regression models of BMI, for each 

one increasing category of ‘seated forward bend’, it 

has raised the odds of person belonging to healthy 

weight category by 1.428 times (95% confidence 

interval [CI], 1.101 – 1.851) for male, and .626 times 

(95% confidence interval [CI], .391 – 1.002) for 

female. For each one increasing category of ‘standing 

long jump’, it has raised the odds of person to belong 

to healthy weight category by .429 times (95% 

confidence interval [CI], .304 – .604) for male, and 

.304 times (95% confidence interval [CI], .162 – .570) 

for female. For each one increasing category of ‘sit 

ups’, it has raised the odds of person to belong to the 

healthy weight category by .283 times (95% 

confidence interval [CI], .204 – .392) for male, and 

.540 times (95% confidence interval [CI], .325 – .895) 

for female. For each one increasing category of 

‘cardiorespiratory endurance’, it has raised the odds of 

a person belonging to the healthy weight category by 

4.879 times (95% confidence interval [CI], 3.998 – 

5.955) for male, and 2.927 times (95% confidence 

interval [CI], 2.372 – 3.613) for female. The results of 

the logistic regression models were shown in Table 5. 

The performance of both the male and female 

models described by the Receiver Operator 

Characteristic (ROC) curve is below (Figure 2, 3). We 

confirm that the proposed method has excellent 

diagnostic power through the above ROC curve. In 

Figure 5, the area under the ROC curve (AUC) is .946. 

In Figure 6, the area under the ROC curve (AUC) is 

.961. Generally, the classification accuracy of the ROC 

curve can be divided into not good (.6 < AUC≤.7), 

worthless (.7 < AUC≤.8), good (.8 < AUC≤.9), and 

excellent (0.9 < AUC≤1) [37]. Since fields greater than 

.9 were obtained, these indicate the excellent quality of 

the constructed model. 

 

 

(a) (b) 

a. left:(a)-Male; right:(b)-Female 
b. 0: seated forward bend, 1: standing long jump, 2: sit-ups, 3: cardiorespiratory endurance 
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3.3. Model Testing 

After the training data has been completed, 

testing is carried out to see accuracy. The record of the 

prediction results for the male gender obtained is as 

follows (Table 6). From 308 healthy weight data given, 

the model managed to predict it correctly 286 times. 

Of the 262 overweight data provided, the model 

predicted it correctly 219 times.  

Prediction results for the female gender 

obtained are as Table 7. From the 417 healthy weight 

data given, the model managed to predict it correctly 

412 times. Of the 343 abnormal data provided, the 

model predicted it precisely 320 times. 

Based on the accuracy, recall, and specificity 

calculated above, the accuracy of each category and 

the total accuracy are described in Table 8 [34]. 

In Table 9, the overall accuracy of the Male 

(89%) and Female (96%) model reflects excellent 

results. The confidence (Healthy Weight: Male, 90% & 

Female, 97%; Overweight: Male, 87% & Female, 96%) 

reflect good result of two model. 

Besides the model's overall accuracy, we also 

want to know which features are most important in 

predicting the output. It can be done by calculating the 

feature importance value. From the feature importance 

bar in Figure 4(a), we can conclude that 

cardiorespiratory endurance seems to be the most 

important feature in predicting BMI type 

(normal/abnormal) for the male BMI prediction model. 

Followed by seated forward bend, standing long jump, 

and then sit-ups. In Figure 4(b), we can conclude that 

cardiorespiratory endurance seems to be the most 

crucial feature in predicting BMI type 

(normal/abnormal) for the female BMI prediction 

model. Followed by seated forward bend, sit-ups, then 

standing long jump. 

 

4. Discussion 

This research investigates the associations 

between students' physical fitness and BMI weight. 

The study was conducted from a case university using 

freshmen's physical fitness test data. Based on the 

findings, associations were observed in all physical 

fitness performance and BMI measurements among 

both genders. According to the results of physical 

fitness level, whether it is cardiorespiratory endurance, 

standing long jump (muscle strength), sit-ups 

(muscular endurance) and seated forward bench 

(flexibility) performance may be good predictors of 

BMI. For example, if the "cardiorespiratory endurance" 

of freshman students increases by a category, the 

probability of males belonging to the healthy weight 

category increases by 4.879 times, and the probability 

of females increases by 2.927 times. Cardiorespiratory 

endurance is the most important feature in predicting 

BMI type (normal/ abnormal).  

The results are comparable to existing 

findings. Different performance levels of muscle 

strength, endurance, and flexibility can effectively 

predict abdominal obesity in both Male and female 

[38]. People who regularly participate in physical 

activities show good cardiorespiratory endurance and 

muscle strength, endurance, and flexibility [39]. People 

who maintain a healthy weight are more likely to 

engage in physical activity [40]. Increasing exercise 

intensity is associated with a lower risk of weight gain 

[41].   

The advantage of this research lies in directly 

analyzing the data of students' physical fitness tests 

and BMI in physical education classes. These are the 

data easily obtained by physical education teachers 

and students themselves. PE teachers can easily design 

sports activities by observing students' weaker physical 

fitness performance and providing students with 

appropriate sports training plans. However, some 

limitations should be resolved. First, this study only 

uses BMI to measure body weight. However, 

abdominal obesity (such as waist circumference or 

waist-to-hip ratio) was not used as a predictive result. 

Neither body weight nor abdominal obesity is the only 

indicators of health. Suppose physical education only 

seeks to make the student's BMI weight look normal 

while ignoring abdominal obesity or failing to develop 

continuous exercise habits. In that case, it will violate 

the purpose of physical education. Future research 

should consider including multiple indicators. Second, 

the sample in this study only covers one university and 

only predicts current weight status. The cross-

institution and grade samples and factors other than 

gender have not been considered. Enlarging the 

analyzed sample is essential for the inference and 

application of research findings. In the future, consider 

a larger sample or cross-institution and age research, 

and include some background variables, such as diet 

history, living habits, etc. 

Last but not least, this study only proposes 

that teachers can predict whether students' BMI is 

normal or abnormal based on their physical fitness. 

However, due to the limitation of the insufficient 

number of research samples, this study failed to fully 
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satisfy the classification of underweight, normal, 

overweight, and obesity. We suggest that future 

research be conducted through institutional research 

cooperation or expand the sample size to understand 

this issue more comprehensively. 

 

5. Conclusion 

According to the results of this study, the four 

physical fitness tests currently implemented in college 

physical education classes (seated forward bench, 

standing long jump, sit-ups, and cardiorespiratory 

endurance) can all be used to predict whether the 

bodyweight of new students is normal or abnormal. 

However, it has been observed that, whether male or 

female, cardiorespiratory endurance is the most 

important feature. Specifically, the different 

performance levels of flexibility, muscular strength, 

muscular endurance, and cardiorespiratory endurance 

effectively predict the BMI weight status of the two 

sexes. However, the mechanism by which physical 

fitness performance affects students' normal or 

abnormal BMI weight remains unclear. Still need to 

investigate further. 
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