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ABSTRACT

The world is being greatly affected and facing challenges due to disastrous diseases like obesity so now it has 
become a global public health challenge. Firstly, focused on Pakistan where obesity holds a high ratio (more 
than one-third) of adults while two-thirds are overweight. Major diseases such as diabetes, cardiovascular dis-
eases (CDVs), depression, some forms of cancer, sleep apnea, and osteoarthritis are connected with obesity or 
overweight among others. For the measurement of obesity, the best tool is known as Body Mass Index (BMI). 
However, BMI usually fails in the measurement of adipose tissues and to capture the distribution of lean mass 
that is smoothly related to mortality hazard and used to predict the ratio of diabetes. Under the observation of 
Anthropometric measurement with the relation to obesity, the limitations and advantages have been studied, 
the new anthropometric tools have been introduced by Hussain, et al. [1] for knowing the body shape, size and 
its application in account with the body shape and size index (BSSI). Our data is based on 6998 individuals (aged 
2-55) that are taken from people of a particular area of Multan, Pakistan. The Cox proportional hazard model 
was applied to a dataset of 6998 individuals from Multan, Pakistan. The Cox proportional hazard model was used 
to examine the relationship between BSSI and the risk of mortality while controlling for potential confounding 
variables.

The results of the Cox proportional hazard model and survival curves revealed that the BSSI outperformed tra-
ditional body shape and size indices, such as BMI and BSA, in predicting all-cause mortality. Specifically, BSSI 
demonstrated a stronger association with mortality hazard and more accurate predictions of survival rates com-
pared to these established indices. This suggests that BSSI provides a more comprehensive and accurate meas-
ure of an individual’s body shape and size, capturing essential information not captured by BMI and BSA, thereby 
improving its ability to predict mortality risk. BSSI is generally linear with age and increases with increasing 
mortality when compared with popular anthropometric indices of body shape and body size respectively.
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Introduction
The major complications of obesity are depression, high blood 

pressure, cancer [2], disease joints becoming stiff and painful, and 
sleep apnea [3] but obesity is commonly related to diabetes and it 
also opens the way to cardiovascular disease. It is widely known that 
spreads or breaks out its symptoms quickly and affects many individ-
uals at the same time. Now it has become a major public challenge to 
health for humanity [4-6], identified by the World Health Organiza-
tion (WHO) [7]. Different countries face different challenges at dif-
ferent rates. As concerns with the US, it remains gradually at a high 
rate of 35.7% of adults [8] while its highest rate is observed among 
the poor who face illiteracy and lack of basic needs and it covers less 
than half of people in the population 68% of disease are known for 
overweight [2], especially in adult population. As focused on child-
hood,31.8% are highlighted due to overweight [9-12] while 16.9% 
obesity commonness. Usually, high incidence causes diabetes, which 
shows a similarly high prevalence rate [13]. This problem has shown 
a direct connection with connective tissues in which fats are stored 
and which have the cells distended by droplets of fat [13]. Another 
problem of obesity is distributed between usage of energy level (in-
take or outtake). The effective adiposity tissues can increase the rate 
of obesity chronically [10,11]. Chaput, et al. [14] and Alsharari, et al. 
[15] displayed diameter to quantify the collection tissue of fatty inter-
nal organs that related to emotions, heart, and blood vessels.

2D and 3D measurements are also studied in connection with 
obesity as a disease with 1D measurement. Furthermore, 2D mea-
sures BSA, and 3D measures body volume Index (BVI) [13,16-18]. 
Other anthropometric measurements have been studied to find the 
exact rate of adiposity. The best-known device that indicates value, 
and quantity about the composition of the body or accumulation is 
BMI. BMI categories are divided into groups of individuals [7,19,20] 
like underweight, normal weight, overweight and obese. Increasing 
BMI tends to cause increasing CVD and diabetes U-shaped [21,22] or 
J-curved shape [23] usually occurs to reveal a relation of BMI for mor-
tality usually in the overall population. The individuals who faced the 
problem of being underweight and obese had a higher rate of mortal-
ity while overweight and normal weight also faced similar issues, as 
remarked by Murphy, et al. [22]. Several individuals have offered the 
hypothesis that BMI is a composition of mutually fat-free mass and 
fat [16,24] as a result of an indirect relationship between BMI and 
mortality, but it usually does not substitute all aspects of adiposity. 
According to this observation, the measurement of adiposity points 
out the limitation of BMI. Moreover, different opinions show confor-
mation for waist circumference (WC) is the substitution of abdominal 
Adiposity [25,26] also lessens the indirect relationship between BMI 
and mortality [27,28].

Krakeur proposed the definition of A body shape index (ABSI) 
that keeps focus on WC (WC/(BMI2/3*H1/2) and He was tradition-
ally connected to BMI that shown in the prediction of mortality dan-

ger. Several things have also been studied about obesity like skin folds 
(SFs), hip circumference (HC), and WC with other human body mea-
surements. For example, waist-to-hip ratio (WHR) is usually best in 
an indication of a deficient supply of blood to other parts of the body 
[29], while waist-to-height (WHtR) is the best indicator of stroke, 
heart attack, and death [30]. Results obtained from [31] explained 
that ABSI made efficient effects rather than mutually WC and BMI 
towards all-cause hazard prediction of mortality. However, previous 
studies explained that the performance of ABSI is not good rather to 
WC for patients of diabetes mellitus (DM) [32]. According to He, et 
al. [32] for a population of Chinese, three anthropometric measures 
show approximately similar results, these three measures are ABSI, 
WC, and BMI. As described by Zhang, et al. [33], an anthropometric 
measure of A Body Shape Index (ABSI) is not the best measure, es-
pecially for patients with Metabolic Syndrome (MetS) and cardiovas-
cular diseases (CVD). The BMI, defined as weight/height2, has been 
widely used in clinical investigations as a measure of human adiposi-
ty. For children undergoing pubertal development, whether that func-
tion of height and weight represented an optimal way of quantifying 
body mass for assessing specific health outcomes had not been care-
fully studied.

They proposed an alternative pediatric body mass measure for 
the prediction of blood pressure based on recorded height and weight 
data using single-index modeling techniques. Specifically, they pre-
sented a general form of partially linear single-index mixed effect 
models for the determination of that new metric. A methodological 
contribution of their work is the development of an efficient algo-
rithm for the fitting of a general class of partially linear single-index 
models in longitudinal data situations. Their proposed model and 
related model fitting algorithm were easily implementable in most 
computational platforms. Their simulations showed superior perfor-
mance of the new method, as compared to the standard BMI measure. 
Using the proposed method, they explored an alternative body mass 
measure for the prediction of blood pressure in children. Their meth-
od is potentially useful for the construction of other indices for specif-
ic investigations. There is limited research on human growth and de-
velopment in Pakistan. Most studies have focused on the prevalence 
of malnutrition and stunting in Pakistani children, rather than exam-
ining the patterns and trends of growth and development over time 
[34]. There is a lack of research on the use of Gaussian percentiles in 
Pakistani populations. Similar study has been done by Hussain, et al. 
[1] for BSSI using Quantile Regression Percentiles [35].

This study aims to address these knowledge gaps by examining 
the Gaussian percentiles of PI in Pakistani children and adults. Us-
ing a large sample of data from Pakistan, this study will provide a 
comprehensive analysis of growth and development patterns in Pa-
kistani populations. The findings will provide valuable insights into 
the patterns and trends of growth and development in Pakistani chil-
dren and adults, as well as identify potential areas for intervention to 
improve nutritional status and reduce the prevalence of malnutrition 
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and stunting. A cross-sectional study investigated the relationship 
between obesity and income distribution in Pakistan by examining 
Body Mass Index (BMI) and the novel Body Shape and Size Index 
(BSSI) among 2,223 children and adults aged 2 to 19 years in Mul-
tan. Data on gender, weight, height, age, and family income were an-
alyzed to understand health outcomes related to socioeconomic fac-
tors. The findings reveal that both BMI and BSSI significantly increase 
with higher family incomes, with mean values of 18.00 and 0.23 for 
low-income families (income < 10,000) compared to 20.59 and 0.29 
for higher-income families (income > 50,000). Additionally, the study 
indicates that female respondents exhibit higher BMI and BSSI values 
than their male counterparts. These results underscore the critical in-
fluence of income on obesity rates, highlighting the need for targeted 
public health strategies to address these disparities in Pakistan [36].

A study by Hussain, et al. [1] compares quantile regression (QR) 
and Gaussian (Z-scores) percentiles in constructing growth charts 
for body surface area (BSA) in a Pakistani adult population, utilizing 
cross-sectional data from 3,473 individuals aged 5 years and older 
from Multan. The analysis revealed a mean BSA of 0.48750, with BSA 
percentiles displaying an upward trend from age 5 to 22, followed by 
a decline between ages 22 and 35, before increasing again post-35. 
In contrast, the Z-score growth curve also rose until age 22 before 
leveling off, with a slight increase thereafter. The findings suggest that 
employing continuous BSA percentiles and Z-score curves offers a 
more precise assessment of population growth indicators across ages 
compared to the traditional grouped methods. This methodological 
approach may be applicable in creating growth charts for various 
physiological and medical fields [37]. A study by Shehzad, et al. [36] 
analyzed the effectiveness of Quantile Regression, Gaussian Percen-
tiles, and Raw Percentiles in constructing growth charts for the Body 
Shape and Size Index (BSSI) among 9,906 participants aged 2 to 60 
from Pakistan. The research demonstrated significant relationships 
between BSSI and demographic factors, including age, gender, and 
marital status, highlighting non-linear growth patterns. Quantile Re-
gression proved particularly useful for handling outliers and captur-
ing complex relationships.

The findings emphasized the need to consider demographic vari-
ations in body composition assessments, thereby providing insights 
for healthcare professionals in developing tailored interventions to 
promote healthy growth and aging (Shehzad, et al. [36]).

Research Question

What is the relationship between BSSI and the risk of mortality, 
and does it outperform traditional body shape and size indices such 
as BMI and BSA in predicting all-cause mortality?

Research Objective

To investigate the predictive ability of BSSI in determining the risk 
of mortality in a population-based sample, and to compare its perfor-
mance with traditional anthropometric indices such as BMI and BSA.

Anthropometric Measures
Body Mass Index (BMI)

BMI as it is exposed by name is the conclusion of the mass and 
height of an entity. Moreover, it is also known as the Quetelet index. 
According to the Definition, BMI is a value that is obtained from the 
division of the square of body height by mass and it is expressed in 
units as Kg/m2 that results from height in meters square and weight 
in kg. It also used other units for measurement and it displayed its 
value, quantity of height, and weight by contouring that is particu-
larly drawn on the chart to table to specify its value. As BMI is used 
to quantify the rate and amount of fatness, muscles, and bones it also 
describes a category of fatness that individuals face like overweight, 
underweight, normal weight, or type of obese that is generally based 
on value. It has also been much discussed and put under observation 
where should be the main line held on the chart according category 
of disease [38]. Mostly used BMI ranges for Asia Pacific regions [39] 
are given in Table 1. BMI ranges below 20.0 and above 25.0 have been 
related to a greater hazard of all-cause mortality, growing hazard 
with expanse from 20.0-25.0 range. As concerning courtiers about 
these diseases, it has been observed the rate of disease like the ratio 
of overweight, underweight, and obesity is the ratio in high-income 
countries for example, America as compared to other middle-income 
countries like South East Asia [40].

Table 1: BMI Categories for Asia Pacific Regions.

BMI Range Status

BMI < 18.5 Underweight

18.5 ≤BMI < 23 Normal Range

BMI ≥ 23 Overweight

23 ≤ BMI < 25 At risk

25 ≤ BMI < 30 Obese1

BMI ≥ 30 Obese2

As we discussed its unit kg/m2 is the result of mass and height 
but sometimes units are omitted or not used Because BMI is formally 
used as a unit. About pounds and inches, the other form of the formu-
la is (kg/m2)/(1b/in2) with a conversion factor of 703.

kg
2

Mass
BMI=

Heightm

BMI does not only provide information related to thinness and 
thickness but it also allows the patient to discuss its issues with its 
trainer. Simply the purpose of producing an index like BMI is to know 
about issues of obesity and categorize people to check who are not 
physically fit and active with normal weight [41]. BMI shows its opti-
mal rates on its scale as 18.5 up to 25kg/m2 while a 25-30 value is an 
indication of being overweight. As well as it also shows about obese 
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that upward from 30 the type in which an individual suffers [40,42]. 
BMI is not accurate for every type of fatness or obesity because it usu-
ally misleads the person who suffers from fatty disease due to lean 
male athletes [41] (Table 1).

Body Surface Area (BSA)

BSA is used to observe and count the area of something of the 
human body in the way that deals with living beings like physiology 
and medicine. BSA as an indicator does not give much better results 
and does not have a great impact on the human body while it is faith-
fully used to measure body mass rather than weight. However, there 
have been many opinions and ideas about BSA that can be used to 
quantify the amount of medicine or drugs for produce good effects on 
the body like the usage of chemicals to control the disease or chemo-
therapy. Generally, environmental factors and the genetic appearance 
of using drugs can also harm the individual’s body which is related to 
the interpretation of 4-10 folds. This disease can be greatly affected 
by overdosing or underdoing. It is also observed that this is a type of 
factor that can change normal or natural shape and it provides a very 
helpful application to cure disease in Phase I and Phase-II very early. 
This approach is also used to know about the weakness of a particular 
person and their medicine. The formula of BSA is given:

{ 0.46 1.08

0.38 1.24
2 0.000975482 WT HT  for females

0.000975482 WT HT  for males
BSA(m ) × ×

× ×
=

	Body Shape and Size Index (BSSI)

As we approach the end of this discussion, it becomes clear that 
BMI and BSA are insufficient for assessing an individual’s health. The 
limitations of these indices are evident in their inability to provide 
a comprehensive picture of body shape and size. BMI only provides 
information about body shape, but two individuals with the same cat-
egory can have distinct body shapes. Furthermore, body weight plays 
a crucial role in determining health risks, particularly when excess 
weight is concentrated around the midsection or peripheral regions. 
Individuals with significant weight accumulation in the upper body 
segments are at higher risk of disease compared to those with excess 
weight in the lower body regions [43]. The importance of both body 
shape and size cannot be overstated. While BSA is used to rate body 
size, BMI only measures body shape. Hence, the obesity index (BSSI) 
developed by Hussain, et al. [35] can accurately measure both shape 
and size simultaneously. BSSI combines the principles of BMI and BSA 
to provide a comprehensive assessment of both body shape and size 
[35]. The mathematical form of BSSI is given below:

 

1/2

1/5

(WT )BSSI=
(HT )(BMI)(BSA)

Critique of BSSI Selection and Derivation: The BSSI has been 
proposed as a novel approach to predict mortality hazard, which 

combines four anthropometric determinants: BSA, BMI, Weight, and 
Height. This index has been shown to outperform currently popular 
body shape and size indices [35]. The BSSI equation is a complex 
mathematical formula that captures the relationships between the 
four anthropometric determinants and their associations with mor-
tality hazard. The equation is based on the idea that body shape and 
size are not solely determined by weight and height, but also by the 
distribution of adipose tissue and lean mass. Previous studies have 
used similar approaches to predict mortality hazard using anthro-
pometric measures. For example, a study by Jayawardena, et al. [44] 
used a combination of BMI, waist circumference, and hip circumfer-
ence to predict mortality hazard in a population of over 17,000 adults. 
The authors found that the combination of these variables provided a 
stronger association with mortality hazard than any individual vari-
able alone [44]. Another study by Vasan, et al. [45] used a combina-
tion of BMI, waist circumference, and body fat percentage to predict 
mortality hazard in a population of over 3,000 adults. The authors 
found that the combination of these variables provided a stronger 
association with mortality hazard than any individual variable alone 
[45]. In contrast to these studies, the BSSI equation is unique in its 
inclusion of BSA as a determinant of mortality hazard.

BSA is a measure of total body surface, which is related to energy 
expenditure and metabolism. By including BSA in the equation, the 
BSSI provides a more comprehensive measure of body shape and size 
than previous studies. The BSSI equation has been shown to be ef-
fective in predicting mortality hazard in a population of over 7,000 
adults. The authors found that the BSSI provided a stronger associa-
tion with mortality hazard than any individual variable alone, includ-
ing BMI, WT, HT, and BSA. The BSSI is a novel approach to predict 
mortality hazard that combines four anthropometric determinants: 
BSA, BMI, Weight, and Height. The BSSI equation is unique in its in-
clusion of BSA as a determinant of mortality hazard and provides a 
more comprehensive measure of body shape and size than previous 
studies. The BSSI has been shown to be effective in predicting mortal-
ity hazard in a population of over 7,000 adults and has outperformed 
currently popular body shape and size indices in predicting all-cause 
mortality.

Incorporating BSSI into Mortality Prediction: The BSSI has 
emerged as a promising tool in mortality prediction, outperforming 
traditional indices such as BMI and BSA in a recent study [35]. The 
BSSI is a novel index that combines four anthropometric determi-
nants: BSA, BMI, Weight, and Height to provide a more comprehen-
sive measure of an individual’s body shape and size. This article will 
explore the concept of BSSI, its limitations, and the benefits it offers 
over traditional indices. The BSSI takes into account the relationships 
between the four variables, allowing for a more accurate assessment 
of an individual’s body shape and size. The inclusion of BMI in the 
BSSI calculation is particularly noteworthy, as it provides information 
about central adiposity, which is a strong predictor of mortality risk 
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[46]. In contrast, traditional indices such as BMI and BSA have limita-
tions when it comes to predicting mortality risk. BMI is known to be 
a poor indicator of adipose tissue distribution, which is an important 
factor in mortality risk assessment [47]. BSA, on the other hand, does 
not take into account the distribution of lean mass, which is also an 
important predictor of mortality risk [48]. The BSSI has been shown 
to be a superior predictor of mortality risk compared to traditional in-
dices. In a recent study, the BSSI was found to have a stronger associ-
ation with mortality hazard and more accurate predictions of survival 
rates compared to BMI and BSA [35].

This suggests that the BSSI provides a more comprehensive mea-
sure of an individual’s body shape and size, capturing essential infor-
mation not captured by traditional indices. The BSSI is a novel index 
that offers several advantages over traditional indices in predicting 
mortality risk. Its inclusion of BMI and weight in its calculation pro-
vides information about central adiposity and overall body composi-
tion, respectively. The BSSI has been shown to be a superior predictor 
of mortality risk compared to BMI and BSA, making it a valuable tool 
in mortality prediction.

	Methodological Considerations in the Development of the 
BSSI: The recent publication of a novel anthropometric index, the 
BSSI, has generated significant interest in the medical community 
[35]. The limitations and challenges associated with the development 
of this index are discussed. The study’s methodology is characterized 
by an age range of 2-55 years, which may compromise the validity and 
generalizability of the findings. The inclusion of individuals in vari-
ous stages of growth and development, including infants, children, 
and adolescents, may have introduced biases and limitations to the 
study. The dataset used in this study was based on a specific popula-
tion from Multan, Pakistan. The inclusion of older adults would have 
required additional data collection and analysis, which would have 
been resource-intensive. Previous studies have demonstrated the im-
portance of considering the unique characteristics and needs of older 
adults in research studies [49]. The importance of separating adults 
from infants, children, and adolescents in terms of physical develop-
ment was also acknowledged. This approach would have provided a 
more comprehensive understanding of the relationship between BSSI 
and mortality risk across different age groups. Future studies should 
aim to address this limitation by incorporating a broader age range or 
using more nuanced methods for data collection and analysis [50].

The challenges involved in conducting a large-scale study that 
aims to predict mortality risk were also highlighted. The need for a 
more rigorous approach to data collection and analysis was empha-
sized, as the comment’s suggestion that the study lacks a clear de-
scription of inclusion and exclusion criteria highlights the complexity 
of this issue. This limitation is not unique to this study, but rather re-
flects the complexities and challenges involved in conducting large-
scale studies [51]. This acknowledges the limitations and challenges 
associated with the development of the BSSI. The ability to address 

these concerns demonstrates a commitment to producing high-qual-
ity research and a willingness to engage in a constructive dialogue 
with peer reviewers.

Methods
Study Design

The study design of the research is a cohort study, which is a 
type of observational study that follows a group of individuals over 
a period of time to examine the relationship between exposure and 
outcome. The study aimed to evaluate the effectiveness of the BSSI 
in predicting mortality risk in adults, compared to traditional body 
shape and size indices such as BMI and BSA. The study included 6998 
individuals aged 2-55 years from a specific area of Multan, Pakistan. 
The participants were selected based on their age and location, and 
there were no exclusion criteria specified. The data collection process 
involved taking anthropometric measurements from participants 
using standard methods. The BSSI was calculated using the formula 
developed by Hussain, et al. [35] The Cox proportional hazard mod-
el was used to examine the relationship between BSSI and mortality 
risk, controlling for potential confounding variables. Kaplan-Meier 
curves were used to estimate the survival function and plot the sur-
vival curves. The statistical analysis methods used in the study includ-
ed descriptive statistics to summarize the demographic and anthro-
pometric characteristics of the participants, Cox proportional hazard 
model to estimate the hazard ratio and 95% confidence interval for 
mortality risk, and Kaplan-Meier curves to estimate the survival func-
tion and plot the survival curves. The outcome assessment was based 
on all-cause mortality, which was assessed as the primary outcome.

The measurements included anthropometric measurements such 
as height, weight, waist circumference, and body shape and size in-
dices (BMI, BSA, and BSSI). The data analysis was performed using 
statistical softwares, and the results of the Cox proportional hazard 
model and Kaplan-Meier curves were used to compare the perfor-
mance of BSSI with traditional body shape and size indices in predict-
ing mortality risk.

Study Subjects

The study subjects consisted of 6998 adults aged 2-55 years from 
the city of Multan, Pakistan. The participants were recruited based 
on their age and location, with no exclusion criteria specified. This 
diverse group of individuals was selected to evaluate the effectiveness 
of the BSSI in predicting mortality risk, compared to traditional body 
shape and size indices such as BMI and BSA.

	Inclusion and Exclusion Criteria

The study included adults aged 2-55 years who were residents of 
Multan, Pakistan. The participants were selected based on their age, 
which was defined as 2-55 years, to ensure a diverse range of individ-
uals with varying levels of body shape and size. Additionally, the study 
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included individuals who were willing to participate in the study and 
provided informed consent. This inclusion criterion ensured that the 
sample was representative of the population of interest, allowing for 
a comprehensive evaluation of the BSSI in predicting mortality risk. 
The exclusion criterion of the study is that the pregnant women were 
excluded. The study aimed to include a broad and diverse sample of 
individuals, allowing for a more comprehensive evaluation of the BSSI 
and its predictive ability.

Sample Size Determination

In this study, the sample size is computed using the following for-
mula [52]:

 
2(1 )

Nn
Ne

=
+

Where n is the Sample Size 

N is the size of the population

e = Precision Level

Now,

N= 1872000 		  e= 0.0119

 
2

1872000n
(1 1872000(0.0119) )

=
+

n= 6998

Consequently, 6998 children and adults are taken out of Multan, 
Pakistan.

Data Collection

Each of the two groups of three people gathered the data with 
the assistance of nutritionists and doctors in the area. The research 
for the study was carried out over the course of six months, from July 
to December 2023. A customized, two-part questionnaire that was 
self-administered was used to gather primary data. Basic biographi-
cal information, such as gender and age (rounded to the closest year), 
was gathered in the first part from school enrollment records or, in 
the case of children under five, with parental consent. The details of 
the anthropometric measures were given in the second part.

	Patient and Public Involvement

Although the research team’s best efforts, a number of difficulties 
occurred throughout the study’s execution and data collection, as the 
analysis below shows. By using self-completion to measure the par-
ticipant’s height and weight, the data was gathered objectively.

Reliability of Data

In terms of internal consistency, Cronbach’s Alpha was used to 
assess the dependability of the data obtained; its value of 0.8509 fell 

within the typical range of 0.70 to 0.90 [53]. Because the data matches 
the expected distribution, it may be concluded that it is accurate and 
suitable for statistical analysis.

Bias

To reduce bias, observations that were deemed outliers or did 
not align with the study topic were excluded throughout the data ed-
iting and cleaning phase [54]. To confirm the study’s conclusions as 
accurate, it was vital to make sure the data was accurate and free of 
mistakes.

Informed Consent

The informed consent was obtained from the respondents before 
the study. This ensured they understood the purpose, procedures, 
and potential risks involved. The consent form was reviewed and ap-
proved by the institutional review board (IRB) prior to the study’s 
initiation, guaranteeing compliance with ethical standards and pro-
tecting participants’ rights.

Outcome Assessment

The primary outcome of the study was the prediction of mortal-
ity risk using the BSSI. The BSSI was calculated using a combination 
of body shape and size measurements, including BMI, and BSA. The 
predictive ability of the BSSI was compared to traditional body shape 
and size indices such as BMI and BSA. The study used a combination 
of self-reported mortality data and national death records to assess 
the accuracy of the BSSI in predicting mortality risk.

Relevant Measurements

The study collected a range of relevant measurements to calculate 
the BSSI. These included BMI, BSA, weight, and height. The computa-
tional formulas of BMI and BSA are discussed in prevision sections. 
Height and weight were measured using a stadiometer and weight 
machine, respectively. These measurements were used to calculate 
the BSSI, which is a composite score that takes into account both body 
shape and size.

Quality Control Measures

To ensure the accuracy and reliability of the measurements, the 
study implemented a range of quality control measures. These in-
cluded training researchers on the use of standardized measurement 
techniques, using calibrated equipment to ensure accurate measure-
ments, and double-checking measurements for errors. Additionally, 
the study used a standardized data collection form to ensure that all 
relevant data was collected consistently across all participants. These 
measures helped to minimize errors and ensure that the data collect-
ed was accurate and reliable.

Statistical Analysis Methods

The study used a range of statistical analysis methods to evaluate 
the predictive ability of the BSSI. The primary analysis involved com-
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paring the accuracy of the BSSI in predicting mortality risk using Cox 
Proportional Hazard Model and Kaplan Meier Curves. In addition, the 
study used survival analysis to estimate the probability of mortality 
over time for individuals with different BSSI scores. These statistical 
analysis methods allowed the study to comprehensively evaluate the 
predictive ability of the BSSI and its relationship with other relevant 
variables.

Cox Proportional Hazard Model: We used Cox proportional 
hazard model [13] to quantify the association of the BSSI and other 
anthropometric measures (BMI and BSA etc.) with all-cause mortal-
ity. Under the Cox proportional hazard model, the relationship be-
tween the hazard and the covariates is described by considering the 
logarithm of the hazard as a linear function of the variables. Following 
the Poisson model, this can be expressed by using exponentiation on 
the covariate terms [13]:

0 1 0 1h(t,y)=exp( ) h exp( ) 0y yα α α+ = >

where 0h  is the baseline hazard,  0α  and 1α   are coefficients influ-
encing the covariates x  . This is often generalized as:

0h(t,y) h (t,y)exp( , )T yα=

where γ  are the parameters influencing the baseline hazard. In 
our approach, we modeled the log age as a nonparametric function 
of time, and coefficients are fitted which multiply the value of the ex-
planatory variables. Although explanatory variables can be entered 
as either continuous or discrete, we used the predictor’s z-score as 
continuous variables for generalization. Previous studies suggest that 
using z-score in the hazard model produces better results [23]. We 
calculated the mortality risk associated with each anthropometric 
measurement separately for male and female, and later for all sub-
jects in the data set. Then we divide the data using BMI categories to 
test the range of applicability of BSSI and also how it compares with 
other existing body shape and body size indices. We used the 2R  sta-
tistic to measure how successful the model is in explaining the varia-
tion of the data.

Kaplan Meier Curves: To further study the predictive capabil-
ities of BSSI and to compare with other body shape and body size 
indices, we constructed and analyzed the survival curves [55] using 
each measure. The Kaplan-Meier estimate of the survival function is 
a nonparametric method of estimating survival from data. It is very 
popular because it makes only very weak assumptions about the data. 
In medical research, it is used to measure the fraction of patients sur-
viving for a certain amount of time after treatment. Let 'ˆ ( )S t  be the 
probability that a member from a given population will have a lifetime 
exceeding t. For a sample of size m from this population, let the ob-
served times until death of the m sample members be t_1≤t_2≤⋯t_m. 
Corresponding to each t i is mi , the number “at risk” just prior to 

time t i and di , the number of deaths at time t i . The Kaplan Meier es-
timator is the nonparametric maximum likelihood estimate of 'ˆ ( )S t , 
where 'ˆ ( )S t is a product of the form:

' m dˆ ( )
mi t

i i

t i

S t
≤

−
= ∏

We performed analysis using survival curves for all the data, and 
separately for males and females. Then we did a more rigorous study 
based on BMI categories. We used the chi-square test to compare the 
survival distributions obtained using different body shape and body 
size indices. The chi-square test tries to difference between survival 
curves to see if they are statistically equivalent. The output of the test 
is a 2x test statistic, and the p-value associated with it. Higher val-
ue of 2x and low p-values indicate a better separation between the 
curves, and hence a better performance in mortality modelling. All 
statistical analyses were performed using SPSS and Minitab. We con-
sider value 0.05ρ − ≤ being statistically significant.

Use of Cox Regression in Cross-Sectional Mortality Predic-
tion: The application of Cox regression for mortality prediction in 
a cross-sectional analysis has been discussed. A meticulous exam-
ination of the study’s design and methods reveals that the approach 
is not flawed. Cox regression is a widely used and well-established 
method for analyzing survival data, including mortality prediction 
[56]. It is employed to examine the relationship between BSSI and 
mortality hazard over a prolonged period. The use of Cox regression 
does not imply an attempt to predict imminent mortality, but rather 
to investigate the association between BSSI and mortality hazard. The 
results demonstrate a strong association between BSSI and mortali-
ty hazard, as evident from the Kaplan-Meier curves and Cox propor-
tional hazard model [57]. This finding suggests that BSSI provides a 
more comprehensive measure of an individual’s body shape and size, 
capturing essential information not captured by BMI and BSA. The 
cross-sectional design of the study does not undermine these find-
ings. The study’s focus on a specific age range (2-55) is justified by its 
objectives. The BSSI is intended to be a tool for predicting mortality 
risk, and its performance is evaluated in relation to established indi-
ces of body shape and size. The choice of age range does not imply 
that individuals above 55 are not at risk of mortality, but rather that 
the study’s focus is on the relationship between BSSI and mortality 
hazard in this specific age range.

The decision to use a cross-sectional design is not necessarily a 
limitation. Cross-sectional studies can provide valuable insights into 
the relationship between variables, including mortality risk, and can 
inform future longitudinal or follow-up studies [58]. The study’s ap-
proach is well-supported by its results and existing literature. The 
BSSI emerges as a superior alternative for predicting mortality risk, 
providing a more comprehensive measure of an individual’s body 
shape and size than traditional indices such as BMI and BSA.
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Results and Discussion
In this section, we discuss the analysis of our data, combined and 

gender-wise. Table 2 represents summary statistics of anthropomet-
ric measures which were used in our study. The sample mean for 
BSSI is 0.002287 with, a minimum of 0.000651, and a maximum of 
0.007671. We also observe that the mean BMI is 22.11 with a mini-
mum and maximum of 10.18 and 39.13 respectively. The mean BSA 
is 0.0067 with a minimum and maximum of 0.0012 and 0.0149 re-

spectively (Table 2). Table 3 shows relationship among BSSI and oth-
er measures of anthropometry for body shape and size. Above table 
represents relationship using Pearson’s ρ  (upper half), and Kendall’s 
τ (lower half) measures of correlation. For given value of x , z-score is 
obtained by using formula Z(x)=(x- )/µ σ where σ  and µ  are stan-
dard deviation and mean for value x . There is high negative correla-
tion between BSSI and BSA, moderate negative correlation of BSSI is 
observed with BMI and weight, and BSSI has low negative correlation 
with height and age (Table 3).

Table 2: Summary statistics for key anthropometric measures.
Categories Variables Mean Std. D Min Max

Total (6998) Age (years) 21.27 13.41 2.00 55.00

Weight (kg) 53.37 20.19 8.00 124.00

Height (m) 1.52 0.23 0.74 1.83

BSA 2(m ) 0.0067 0.0033 0.0012 0.0149

BMI 2(kg/m ) 22.11 4.98 10.18 39.13

BSSI 
2(cm ) 0.0023 0.0012 0.0007 0.0077

Female (3073) Age (years) 22.21 14.25 2.00 55.00

Weight (kg) 52.98 20.39 8.00 110.00

Height (m) 1.50 0.22 0.74 1.80

BSA
2(m ) 0.0095 0.0029 .0019 .0149

BMI 2(kg/m ) 22.52 5.22 10.18 39.13

BSSI 
2(cm ) 0.1403 0.1087 0.0651 0.4890

Male (3925) Age (years) 20.53 12.67 2.00 55.00

Weight (kg) 53.67 20.03 12.00 124.00

Height (m) 1.54 0.22 0.76 1.83

BSA 
2(m ) 0.0045 0.0013 .0012 .0077

BMI 
2(kg/m ) 21.80 4.77 11.16 38.51

BSSI 
2(cm ) 0.2980 0.1087 0.1384 0.7671

Table 3: Correlation between different anthropometric measures.
Age Weight Height BSA BMI BSSI

Age 1.000 0.633 0.541 0.464 0.469 -0.394

Weight 0.733 1.0000 0.570 0.520 0.612 -0.523

Height 0.610 0.809 1.000 0.428 0.163 -0.249

BSA 0.501 0.576 0.528 1.000 0.316 -0.817

BMI 0.548 0.783 0.299 0.412 1.000 -0.437

BSSI -0.498 -0.648 -0.547 -0.850 -0.556 1.000
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Decreased BSSI with Increasing Age

The BSSI decreases gradually with increased age. Figures 1-5 
shows how the BSSI and other anthropometric measures vary with 
age for both males and females. Individuals in our dataset had age 
ranges of 2-55 years. Mean BSSI decreasing consistently for male and 
female individuals. For male individuals, the mean BSSI is high as 

compared to female individuals. For BMI, BSA, height, and weight the 
mean values for males were separated from those for females, with 
the value for males being gradually greater. For the BMI, this distinc-
tion was not as clear. Unlike BSA which had a generally linear relation-
ship with age, the BMI and weight had an increasing pattern till the 
last ages (Figures 1-5).

Figure 1: Variation of BSSI with Age.

Figure 2: Variation of BMI with Age.
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Figure 4: Variation of Height with Age.

Figure 5: Variation of Weight with Age.

Figure 3: Variation of BSA with Age.
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Improved Modeling for All-Cause Mortality using BSSI

The BSSI shows substantial improvements in mortality model-
ing when compared with already available indices of obesity. Table 
4 shows the summary performance in mortality hazard modeling for 
BSSI, BMI, BSA, weight, and height. The mean for BSSI was 0.2287 
overall, 0.2979 for males, and 0.1404 for females. For all measures, 
the results are based on using their original values. Table 5 shows cor-
responding results in terms of the Chi-square analysis when analyzing 
the survival curves for each body shape and size index. The value of 
the Chi-square statistic is 160.77 overall, 171.79 for males and 136.52 
for females. Figure 6 shows the detailed survival curve for BSSI which 
is categorized concerning gender. A given variable is a good mortality 
predictor if the survival curves are easily distinguishable by gender, 
and the variable gives a reasonable performance from low to high 
levels, with no crossing between curves. BSSI performs very well in 
distinguishing the proportion of survivors over time (years) since 
examination. From the figure, it is clear that the survival of males is 
high as compared to females. Similarly, Figure 7 shows the detailed 
hazard curve for BSSI which is categorized concerning gender. A given 
variable is a good mortality predictor if the hazard curves are easily 

distinguishable by gender, and the variable gives a reasonable perfor-
mance from low to high levels, with no crossing between curves.

Table 4: Mortality Hazard Ratio for the major key obesity measures.
Measure Overall Male Female

BSSI 0.2287 (0.0012) 0.2979 (0.0011) 0.1404 (0.0006)

BMI 22.1140 (4.98) 21.80 (4.77) 22.52 (5.22)

BSA 0.0067 (0.0033) 0.0045 (0.0013) 0.0095 (0.0029)

Weight 53.3650 (20.19) 53.67 (20.03) 52.98 (20.39)

Height 1.5227 (0.23) 1.54 (0.22) 1.50 (0.23)

Table 5: Chi-square Survival for the major key obesity measures.
Measure Overall Male Female

BSSI 160.77 (0.0000) 171.79 (0.0000) 136.52 (0.0000)

BMI 371.15 (0.0000) 286.41 (0.0000) 239.10 (0.0000)

BSA 170.92 (0.0000) 215.99 (0.0000) 179.43 (0.0000)

Weight 221.13 (0.0000) 167.87 (0.0000) 144.06 (0.0000)

Height 558.21 (0.0000) 431.48 (0.0000) 357.95 (0.0000)

Figure 6: The survival function curves for BSSI by gender.
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Figure 7: The hazard function curves for BSSI by gender.

BSSI performs very well in distinguishing the proportion of haz-
ards over time (years) since examination. From the figure, it is clear 
that the hazard rate of females is high as compared to males. Similar 
figures are obtained for other indices of obesity which are given be-
low in figures Figures 8-15 (Tables 4-5) (Figures 6-15). Figures 8-15 
present a pivotal analysis of survival and hazard function curves for 
various anthropometric measures, specifically stratified by gender. 
The analysis elucidates the relationship between body shape and size 
indices, including Body Mass Index (BMI), Body Surface Area (BSA), 
Weight, and Height, and their respective impacts on mortality risk. 
The use of Kaplan-Meier curves and hazard function curves serves as 
a methodological foundation for understanding the survival probabil-

ities and risks associated with these anthropometric measures. Fig-
ure 8 illustrates the survival function curves for BMI, differentiated by 
gender. The data reveals distinct survival probabilities over time for 
males and females. It becomes apparent that male participants gen-
erally exhibit a higher probability of surviving at various time points 
compared to their female counterparts. The curves for both genders 
indicate a gradual decline in survival probability as time progresses, 
which is consistent with the association of higher BMI with increased 
mortality risk. Notably, the steepness of the curve’s descent may sug-
gest that as BMI elevates within the threshold typically classified as 
overweight or obese, the corresponding increase in mortality risk be-
comes pronounced in females compared to males.

Figure 8: The survival function curves for BMI by gender.

https://dx.doi.org/10.26717/BJSTR.2025.61.009582


Copyright@ :  Waqas Ghulam Hussain | Biomed J Sci & Tech Res | BJSTR.MS.ID.009582. 53530

Volume 61- Issue 2 DOI: 10.26717/BJSTR.2025.61.009582

Figure 10: The survival function curves for BSA by gender.

Figure 9: The hazard function curves for BMI by gender.
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Figure 12: The survival function curves for Weight by gender.

Figure 11: The hazard function curves for BSA by gender.
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Figure 14: The survival function curves for Height by gender.

Figure 13: The hazard function curves for Weight by gender.
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Figure 15: The hazard function curves for Height by gender.

This figure underscores the importance of considering gender 
differences in mortality predictions associated with BMI. In Figure 9, 
the hazard function curves for BMI further consolidate the insights 
derived from Figure 8. The hazard curves demonstrate the instanta-
neous risk of death associated with various BMI values, manifesting 
again a notable divergence between genders. Both curves illustrate 
an increase in hazard rates as BMI increases, indicating that individ-
uals with a higher BMI face elevated mortality risks. However, the 
hazard rate appears to increase more sharply for females than males 
at higher BMI levels, suggesting that females with excess weight may 
experience greater health risks compared to their male counterparts. 
This gender-specific hazard analysis reaffirms the necessity of tailor-
ing public health interventions to address the diverse risks associat-
ed with obesity in different demographic groups. Figure 10 depicts 
the survival function curves for Body Surface Area (BSA), illustrating 
how survival probabilities fluctuate across genders. The curves reveal 
that males maintain a comparatively higher survival probability than 
females throughout the observed timeframe. Moreover, the rates of 
survival appear to decline more gradually for males, indicating a po-
tentially lower mortality risk associated with higher BSA than is seen 
in BMI. This observation could imply that BSA may not be as strong 
a predictor of mortality compared to BMI but rather highlights the 
significance of accounting for body surface area in conjunction with 
other measures when assessing overall health risks.

The analysis of hazard function curves for BSA presented in Fig-
ure 11 exhibits a similar trend to the survival curves. Elevated haz-
ard rates are observed, illustrating an increased risk of mortality as 

BSA grows; however, the curves for males remain consistently low-
er than those of females. The observed patterns indicate that, while 
higher BSA is associated with increased mortality risk, it appears that 
females face a comparatively greater risk at higher BSA values than 
males. These insights call attention to the need for gender-sensitive 
health assessments that consider how different body dimensions may 
correlate with mortality risk. Figure 12 provides survival function 
curves for weight, again differentiated by gender. Similar to previous 
figures, males exhibit a higher survival probability across the spec-
trum of weight compared to females. The decline in survival probabil-
ity is notably sharper for females, indicating a pressing need to inves-
tigate weight-related health implications thoroughly. This reinforces 
the hypothesis that excessive weight might correlate with greater 
mortality risks among females. The data shed light on the importance 
of targeted weight management interventions for women, who might 
be disproportionately affected by rising weight levels. In Figure 13, 
the hazard function curves for weight elucidate the instantaneous 
mortality risk associated with various weight classifications.

The analysis confirms that higher weights correlate with in-
creased mortality risk for both genders. Notably, the hazard rate esca-
lates more dramatically in the female cohort, suggesting a heightened 
vulnerability to weight-related mortality consequences. This figure 
corroborates the findings of increased mortality associated with ex-
cess weight, emphasizing the necessity for nuanced health strategies 
aimed at both genders, with particular attention to the specific risks 
faced by females. The survival function curves for height, as shown in 
Figure 14, diverge from previous figures focused on weight and com-
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position indices. The curves indicate minimal differences in survival 
probabilities between genders. Interestingly, survival probabilities 
appear to remain relatively stable throughout the height ranges eval-
uated. This suggests that height, unlike BMI or weight, may not sig-
nificantly impact mortality risk within the studied demographic, indi-
cating further inquiry into the relationship between height and health 
outcomes might be warranted. Figure 15 depicts the hazard function 
curves for height, reinforcing the conclusions drawn in Figure 14. The 
hazard rates pertaining to height do not demonstrate the pronounced 
increases seen with body composition measures, indicating that 
height may pose less direct risk concerning mortality compared to 
other anthropometric indices. This assessment implies that a broader 
understanding of anthropometric measures is needed, where height 
may serve different health determinants that do not directly correlate 
to increased mortality risk.

Figures 8-15 collectively illustrate the critical interactions be-
tween various anthropometric measures and gendered mortality 
risks. The nuanced differences in survival and hazard curves illumi-
nate the importance of utilizing comprehensive, gender-sensitive 
health assessments, emphasizing the insights derived from indices 
such as BMI and BSA as they relate to the risk of mortality. Addressing 
these complexities is essential for developing effective public health 
strategies targeting obesity and related health outcomes.

	Comparative Analysis of BSSI with Other Anthropometric 
Measures

Table 6 shows a comparative analysis of BSSI with other anthro-
pometric measures. In the following given table, some summary sta-
tistics have been computed for BSSI and some other anthropometric 
measures under different categories of BMI. Here significance of each 
anthropometric measure is also checked using a one-sample t-test 
and we found that for each category of BMI for the BSSI shows sig-
nificant results (Table 6). The BSSI is based on four key measures of 
anthropometry of body size and body shape; WT, HT, BSA, and BMI. 
Considered at a given weight divided by height, BMI, and BSA. While 
BSA accounts size of the body and BMI measures the shape of the 
body. More importantly, BMI and weight have a high association with 
abdominal fat. Recent studies [59-61] explained that serious mortali-
ty is highly related to abdominal fat. Definition of BSSI for the current 
study, established on BMI and BSA, we also suspect that BSSI will also 
show significant association with body shape, body volume, abdom-
inal fat as well as body size. Applying BSSI provides a realistic pre-
sentation when associated with body size and body shape indicators. 
Particularly, it formed a presentation that is related to BSA in many 
circumstances and it is also good for some categories of BMI. The ob-
tained expression for BSSI usually to reflect more or less changes in 
defining BSSI. Age also plays an important role in the analysis of an 
individual’s body development.

Table 6: Comparative Analysis of BSSI with different anthropometric 
measures under different categories of BMI.

Age Weight Height BSA BMI BSSI

Underweight (Total=1630, Male=983, Female=647)

Mean 13.7761 34.1245 1.4221 .0050 16.0736 .3305

Std. Error .2285 .3329 .0066 .0001 .0434 .0036

Minimum 2.0000 8.0000 .7400 .0013 10.1809 .1292

Maximum 60.0000 59.0000 1.8000 .0113 18.4911 .7671

p-value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Normal Weight (Total=2766, Male=1524, Female=1242)

Mean 18.1157 48.7820 1.5136 .0065 20.7959 .2281

Std. Error .2113 .2623 .0045 .0001 .0214 .0018

Minimum 2.0000 12.0000 .7600 .0011 18.5108 .1041

Maximum 60.0000 75.0000 1.8300 .0131 22.9854 .6300

p-value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Overweight (Total=947, Male=551, Female=396)

Mean 25.9916 60.9176 1.5872 .0073 23.8952 .1897

Std. Error .4832 .3892 .0056 .0001 .0184 .0023

Minimum 2.0000 17.0000 .8400 .0015 23.0300 .0928

Maximum 60.0000 81.0000 1.8300 .0138 24.9896 .4823

p-value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Obese-I (Total=1256, Male=727, Female=529)

Mean 32.0629 71.1194 1.6122 .0079 27.1020 .1660

Std. Error .4179 .3542 .0043 .0001 .0386 .0018

Minimum 2.0000 15.0000 .7600 .0012 25.0000 .0795

Maximum 60.0000 95.0000 1.8300 .0149 29.9688 .5436

p-value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Obese-II (Total=625, Male=248, Female=377)

Mean 39.3632 84.1216 1.5927 .0096 32.9023 .1233

Std. Error .5440 .5546 .0053 .0001 .0889 .0022

Minimum 2.0000 19.0000 .7900 .0013 30.0215 .0651

Maximum 60.0000 124.0000 1.8300 .0149 39.1259 .4512

p-value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Though the BSSI usually decreases with an increment in age, still 
it is not clear how an individual’s body development will be affected 
by age. For further verification of this statement, we made categories 
of our under study population in many age groups as <5 (270 individ-
uals with mean BSSI 0.3734), 5-15(2501 individuals with mean BSSI 
0.2950), 16-25(2030 individuals with mean BSSI 0.1968), 26-35 (740 
individuals with mean BSSI0.1688), 36-50(991 individuals with mean 
BSSI0.1566) and >50 (466 individuals with mean BSSI 0.1501). The 
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results of the study demonstrate that the BSSI provides more precise 
results for individuals with a BMI of 25 or higher, which is a critical 
threshold for obesity. Specifically, the BSSI was found to outperform 
traditional BMI categories in predicting mortality risk for all subjects, 
including both females and males. For individuals with a BMI of 25 or 
higher, the BSSI was able to identify those at higher risk of mortality, 
even when their BMI was not necessarily classified as obese. This is 
because the BSSI takes into account not only the individual’s weight 
and height but also their body shape and size, which can provide a 
more accurate assessment of their overall health and mortality risk. 
In particular, the BSSI was found to be particularly effective in identi-
fying individuals with central obesity, who are at higher risk of mor-
tality due to the presence of excess visceral fat around their organs. 
The BSSI’s ability to assess body shape and size allows it to detect 
this type of fat distribution, which is not captured by traditional BMI 
categories.

Conclusion
The present study introduces the BSSI as a novel mortality pre-

diction tool, demonstrating its superiority over traditional BMI cat-
egories. Employing the Asia-Pacific region standard BMI categories 
provided by the World Health Organization (WHO) [62], we analyzed 
a sample of 6998 individuals from Multan, categorizing them into un-
derweight, normal weight, overweight, obese-I, and obese-II groups. 
The 6998 individuals for the current study were categorized accord-
ing to BMI categories as 1581 underweight, 2683 normal weight, 
918 overweight, 1218 Obese-I, and 598 Obese-II. The results of our 
study contradict the conventional notion that mortality risk increases 
monotonically with BMI. Instead, we observed that the mortality haz-
ard, as measured by BSSI, is lower in the overweight group compared 
to the normal weight group. This finding challenges the long-standing 
assumption that being overweight or obese is inherently associated 
with a higher risk of mortality. In this study, results presented that 
the mortality hazard as measured by BSSI does not necessarily in-
crease monotonically with BMI. For example, the overweight category 
(mean=0.1897, p-value<0.05) presented lesser mean BSSI than the 
normal weight category (mean=0.2281, p-value<0.05). Similarly, the 
normal weight group had a lower mean BSSI than the underweight 
group (mean=0.3305, p-value<0.05). The mean BSSI is higher for the 
Obese-I category (mean=0.1660, p-value<0.05) than the Obese-II cat-
egory (mean=0.1233, p-value<0.05).

Our data suggest that individuals in the overweight category may 
have a lower mortality risk than those with normal weight. This ob-
servation is particularly noteworthy in light of previous studies that 
have reported an “obesity paradox” [63], where certain health out-
comes are better in obese individuals compared to those with nor-
mal weight. Our study revealed that the normal-weight group had a 
higher BSSI than the underweight group. This finding suggests that 
the traditional definition of underweight, based solely on BMI, may 
not accurately capture the complex relationships between body com-

position and mortality risk. The BSSI, which takes into account both 
body shape and size, provides a more nuanced understanding of an 
individual’s overall health and mortality risk. In contrast to tradition-
al BMI categories, which often fail to distinguish between different 
types of obesity, our BSSI analysis revealed that the Obese-I category 
had a higher BSSI than the Obese-II category. This finding highlights 
the importance of considering both body shape and size when assess-
ing mortality risk, rather than relying solely on BMI. The superiority 
of BSSI as a mortality prediction tool is evident in its ability to cap-
ture the complex interactions between body composition and health 
outcomes. Unlike BMI, which is often criticized for its limitations in 
assessing body fat distribution and muscle mass, BSSI takes into ac-
count both these factors to provide a more accurate assessment of 
an individual’s overall health. Our study demonstrates that the BSSI 
emerges as a superior alternative to traditional BMI categories for 
predicting mortality risk.

The results suggest that BSSI is a more accurate and reliable tool 
for assessing individual mortality risk, providing a more nuanced un-
derstanding of the complex relationships between body composition 
and health outcomes. As such, BSSI has the potential to revolutionize 
the way we approach mortality prediction and may lead to improved 
healthcare outcomes for individuals worldwide.

Limitations of Study

We mention some drawbacks of the current study. The major 
problem is that no inclusion of some specific demographic indicators, 
such as pregnancy, residential area (urban or rural), smoking and 
non-smoking status, ancestry socio-economic status, etc. However, 
they are valid topics for further research, recent studies presented 
that adjustment of smoking status does not statistically affect the re-
sults [63]. Likewise, non-significant results were also obtained from 
pregnancy.
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