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Abstract 
There are many indicators of the body that inform about the health of a person. In these indicators, 
Body-Fat-Percentage (BFP) is an important factor that classifies the low and high risk of obesity. Obesity 
is one of the silent killer illnesses that make people lazy and unable to perform their daily routine work 
smoothly. BFP factor distinguishes the status of normal and obese persons.  In this study, we identified 
that all body measurements including density and age have significant differences between Low and 
High risk of obesity. Human body measurement factors are density (den), age, weight (w), height (h), 
neck (n), chest (c), abdomen (abd), hip, thigh (t), knee (K), ankle (A), biceps (b), forearm (f), and wrist 
(w) body measures. Screening of data was performed by removing outliers using Box-Whisker plots 
from all factors. Box-Whisker plot constructed through R software using package ggplot2.  Comparison 
of body parts measurements based on Low-Risk and High-Risk using two-sample t-tests done through 
SPSS software. 
Keywords: Body fat percentage, density, two-sample t-test, heatmap, obesity 
 
Introduction 
In medical science, obesity term is considered an increasingly chronic disease that leads to life-
threatening problems such as heart attack or diabetes problems. A peculiar or high body fat buildup 
impairs health issues (Ellulu, et.al, 2017). 
Obesity is the unhealthy status of a person whose body is at high risk of different diseases. It upsets the 
normal function of the heart, liver, kidneys, joints, and reproductive system (Fatima, et.al, 2023). It 
starts with a range of noncontagious diseases (NCDs), for example, Type-2 diabetes, heart and blood 
vessel disorders, and hypersensitivity. and increased chances of stroke, different types of cancer, as 
well as psychological disorders issues (Lin. C. L. et.al, 2021). 

A person with obesity is three times more chance to be hospitalized for COVID-19 [WHO]. The 
global incidence of obesity has increased from 7% in 1980 to 13% in 2015, an increase of almost 85%, 
reaching epidemic levels (Petrakis, D., et.al, 2020).  In medical science, BFP is a measurement that 
defines the status of a person as either obese or normal. BFP calculates how much of a person's body 
consists of fat (Chiplonkar et al., 2017).  It helps doctors to recognize healthy and obese people more 
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effectively. Physical fitness and aerophilic exercises have significantly correlated with BFP (Shoebuddin 
& Daimi, 2019). 

 Non-alcoholic fatty liver disease (NAFLD) is rising internationally as the number of obesity cases 
increases. Among those cases who have NAFLD, a strong relationship between Low Muscle Mass 
(LMM) (e.g. sarcopenia) and high risk of NAFLD and fibrosis were observed with also some studies of 
child obesity (Y.M. Choi et.al, 2023). Obesity is the growth of peculiar or unnecessary body fat (BF) that 
may cause an unhealthy status. Controlling obesity decreases the chance of cardiovascular and stroke 
diseases (Akil, L., 2011). 

A high correlation is observed between Type 2 diabetes mellitus (T2DM) with obesity, which can 
also be determined through Body Mass Index (BMI). It is also a fact that BMI cannot differentiate 
muscle mass and fat mass. Research shows that BMI is not a fat distribution in the body, which is a 
basic limitation. Studies showed that T2DM has a higher correlation between BFP and skeletal muscle 
than BMI (Bays, H. E., 2007). This study also mitigates the risks of global obese people (Safaei et al., 
2021). 

This study described the high-risk obesity in Karachi due to overweight and obesity dominance. 
A high rate of obesity is found in males as compared to females in Karachi. Some factors identified in 
this study such an unmoving lifestyle, unhealthy diet, and lack of physical workout. Preemptive actions 
regarding overweight and obesity may be suggested for people (Ibrahim et al., 2021).  

A researcher found differences in body composition between playing standard and age in males 
who played rugby games. Spotlight training and nutritionary schemes that minimize fat mass growth 
(Geeson-Brown et al., 2020). In America, a team distinguished adults according to cardiovascular fitness 
(CVf), BFP, and BMI in the National Health and Nutrition Examination Survey (NHANES) data (Bunn et 
al., 2019). Short-term and long-term diseases like hypertension, some types of cancer, cardiovascular, 
Alzheimer's, asthma, osteoarthritis, metabolic syndrome, musculoskeletal disorders, gallbladder 
disease, obstructive sleep apnea, hypercholesterolemia, metabolic syndrome, and type 2diabetes 
caused by obesity (Mohajan & Mohajan, 2023) 

Thant Zin and his team members have determined the mean BMI and average BFP with body fat 
assessments for obesity awareness among people. They suggested that including BMI, BFP other 
factors will be examined to monitor obesity such as age, sex, race, nutrition, and body parts 
measurements which change over time (Zin et al., 2014).  

According to Sema Can examine the impacts of physical activity which control BMI, and body 
fat. In this research, shared workouts in both genders presented a positive impact on BMI and BFP (Can 
et al., 2019). Kathryn E. Bradbury and her team identified that those people who are continuously 
involved in physical activities have a low BFP after observing BMI importance (Bradbury et al., 2017). 
 
Materials and Methods 

In this research study, the body fat percentage variable was converted into two groups. These 
two groups are designed to define the high and the low risk of obesity. A body fat percentage when 
more than 25 percent then it is considered to be a person at high risk of obesity. Similarly, less than 25 
percent of the Body fat percentage is considered to be a person who is at a low risk of obesity. After 
making two groups, we now compare low-risk and high-risk obese person body measurements using 
two sample “t” tests. Data screening is necessary for removing the outliers therefore R package 
“ggplot2” (Wickham H., (2016) was used to construct the Box-Whisker plot. Two sample t-tests will be 
performed through SPSS (IBM Corp. 2011) to compare the body parts measurements among low and 
high risk of obesity.  
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A. Data set:  
Secondary data is used to analyze the low-risk and high-risk obesity (Body Fat Percentage Dataset, 
2023). This sample data consists of 252 men's information about body parts measurements including 
density, BFP, and age. 
 
B. Definitions: 
Some important definitions related to the study are as follows: 

(i) Obesity: Excess food and non-physical activity develop a chronic disease called Obesity. A series 
of extra food consumption forms excess calories which lead to cause of obesity (Mohajan & 
Mohajan, 2023).  

(ii) Body Fat Percentage: The quantity of fat mass observed on the body conveyed as the total mass 
of fat (TMoF) divided by total body mass (TBM), and multiplied by 100, i.e., 

𝐵𝐹𝑃 =
𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑎𝑡

𝑇𝑜𝑡𝑎𝑙 𝑏𝑜𝑑𝑦 𝑚𝑎𝑠
𝑥100 

Body fat percentage calculators can be used to measure the individual person's body fat 
percentage (Body Fat Calculator, 2023).  

(iii) Density: Density is also known as Hydrostatic weighing. According to it, the body’s density is 
calculated by getting the change in body weight in air and underwater based on Archimedes 
Rule.  

(iv) Body Measurements: Body measurements such as neck, chest, abdomen, hip, and thigh. Knee 
and others are very important to compare between low-risk and high-risk obese persons. 

 
Table 1 shows the body measurements with their units.   
Table 1: Body measurements with their units: 

 
 
Results& Discussion   
Statistical results help us to analyze the low and high risk of obesity in men. First, remove the outlier’s 
values from the data. Out of 252, 232 values are left for analysis. Box and Whisker plots were used to 
find outliers from each factor. Secondly, determine basic statistics for checking the basic assumptions 
about the normality of the variables to apply the statistical method “Two sample t-test” presented in 
Table 2.  Thirdly, a “two sample t-test” was applied to determine the difference between the two 
groups' low and high risk of obesity persons using different factors. Results are presented in Table 3. 
The following flow diagram shows the steps: 
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(i) Applied Box-Whisker plot to remove outlier’s values from the sample data.  
(ii) Compute the basic statistics to check the normality assumption for the two-sample t-test 

method.  
(iii)  Applied two-sample t-test, over every factor with respect to groups with low and high risk 

of obesity.  
 

Step 1: The Box-Whisker Plot after removing the extreme outliers from the data presented in Fig.1.  
 
Figure 1: Box-Whisker Plot 

 
Step 2: Compute the basic statistics of all variables to check the normality assumption for the two-
sample t-test method presented in Table 2.   
 
Table 2:   Basic statistics for all variables:   

 
The summary of statistics shows that all variables follow the basic assumption of normality because 
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skeweness lies within the -3 to +3 range. Now we can apply two sample t-tests for the comparison of 
variables between low and high risk of obese people.   
 
Step 3: Two sample “t” test results are presented in Table 3: 
Table 3:  T-test for Equality of Means 

 
The two-sample t-test results show that all the factors are significantly playing role between low-risk 
obesity and high-risk obesity in men through two information P-value and Confidence interval of the 
differences except height. Height is the only factor which shows not important for the distinguish of 
low and high risk of obesity.  
 
Conclusions and Limitation  

In this study, we compared different factors based on Low and High risk of obesity in male 
persons. Two sample t-tests methods compared the average of different factors and found significant 
differences between Low and High Risk of obesity personals. Researchers claimed in different studies 
found significant that physical workout is very important for maintaining a healthy life. A very 
important limitation of this study is only one gender was used for this analysis which is male. Future 
work would be possible with female gender and children also. Finally, body measurements such as hip, 
abdomen, weight, knee, and others played a significant role in low and high risk of obese male persons.  
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