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Abstract

This study evaluates the impact of the recently developed BSSI on diabetic adults in Pakistan. A comparative analysis was
conducted between BSSI, body mass index (BMI), and body surface area (BSA) to assess the performance of BSSI and identify
ideal measures that can accurately predict the incidence of diabetes in Pakistani adults. The research is based on a cross-
sectional dataset collected from 1,928 individuals in Pakistan over 2-years. Pregnant women were excluded from the study and
all participants aged 20 years or older, including both males and females, were included and provided required information.
Quantile regression curve analyses were employed to investigate the projecting influence of baseline BSSI, BSA, and BMI on
the development of Type-2 diabetes. The findings revealed that during the follow-up period, 511 new cases of Type-2 diabetes
emerged. The results suggest that BSSI is the most effective measure for predicting Type-2 diabetes in males, as evidenced by
quantile regression curve analyses. In contrast, for women, the predictive abilities of BSSI and BMI are similar and superior
to those of BSA. For both sexes, BSA was found to be the weakest factor. Notably, BSSI and BMI emerged as the best predictors
of Type-2 diabetes, while BSA was identified as the weakest measure for assessing diabetes in adults.

Keywords: Integrated Obesity Measures, Body Surface Area, Body Shape and Size Index, Body Mass Index, Quantile
Regression, Diabetes

What is already known

In literature, many studies made Comparisons of Different
Obesity Indices such as body mass index, body surface area,
and many more, in different countries of the world.

What this study adds

This study made a comparison of Body shape and size index
with different Obesity Indices as an assessment of Diabetes
Incidence in the Pakistani Population.

Abbreviations

BSSI: Body Shape and Size Index
BMI: Body Mass Index

BSA: Body Surface Area

WC: Waist Circumference

WT: Weight

HT: Height

WHO: World Health Organization
CVD: Cardio Vascular Disease
T2DM: Type-2 Diabetes Mellitus
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1. Introduction

1.1. Theoretical Background

The prevalence of Type-2 Diabetes Mellitus (T2DM) has
been increasing globally, and it has been posing a significant
threat to public health [1]. Early identification of individuals
at risk of developing T2DM is crucial for timely intervention
and prevention of complications. Body mass index (BMI) is
a widely used measure for assessing body fatness, but its
limitations have been recognized [2]. BMI does not account
for differences in body composition and may not accurately
reflect body fat distribution, which is an important risk factor
for T2DM [3]. Body surface area (BSA) is another measure
that has been used to assess obesity, but its correlation
with T2DM is not well established [4]. Body shape and size
index (BSSI) is a recently developed measure that considers
both body shape and size, which may be more effective in
predicting T2DM risk than BMI or BSA alone [5,6]. The BSSI
is based on the principles of body composition and takes into
account the distribution of body fat, which is an important
risk factor for T2DM [3]. There is limited research on human
growth and development in Pakistan. Most studies have
focused on the prevalence of malnutrition and stunting in
Pakistani children, rather than examining the patterns and
trends of growth and development over time [7]. There
is a lack of research on the use of Gaussian percentiles in
Pakistani populations. Similar study has been done by for
BSSI using Quantile Regression Percentiles [6]. This study
aims to address these knowledge gaps by examining the
Gaussian percentiles of PI in Pakistani children and adults.

Using a large sample of data from Pakistan, this study
will provide a comprehensive analysis of growth and
development patterns in Pakistani populations. The findings
will provide valuable insights into the patterns and trends of
growth and development in Pakistani children and adults, as
well as identify potential areas for intervention to improve
nutritional status and reduce the prevalence of malnutrition
and stunting. The study conducted by examined the influence
of pre-delivery body mass index (BMI) and gestational
weight gain (GWG) on the occurrence of high birth weight
infants in a cohort of 3,433 pregnant women at a hospital
in Multan, Pakistan. The findings revealed a significant
relationship between elevated pre-delivery BMI and
increased risks of high birth weight, particularly when BMI
exceeded 24 kg/m? Moreover, women with a GWG greater
than the World Health Organization's recommended ranges
were found to have an even higher likelihood of delivering
high birth weight infants. The study underscores the need
for public health initiatives to raise awareness about the
risks associated with high maternal pre-pregnancy BMI
and excessive GWG, highlighting the necessity for tailored
clinical recommendations for all pregnant women, not just
those classified as overweight or obese.

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 Multan. Data on gender, weight, height, age, and
family income were analyzed to understand health outcomes

related to socioeconomic factors. 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 influence of income on obesity rates,
highlighting the need for targeted public health strategies
to address these disparities in Pakistan [8]. A study by
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 [6].

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 [9].
A study by analyzed the effectiveness of Quantile Regression,
Gaussian Percentiles, 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 Regression proved particularly useful for handling
outliers and capturing complex relationships. The findings
emphasized the need to consider demographic variations
in body composition assessments, thereby providing
insights for healthcare professionals in developing tailored
interventions to promote healthy growth and aging. The
development of T2DM is a complex process that involves
multiple factors, including genetic predisposition, lifestyle
factors, and environmental factors [10]. Obesity is a major
risk factor for T2DM, and it is estimated that up to 90% of
individuals with T2DM are obese or overweight [11]. The
measurement of body composition and body fat distribution
is important for understanding the relationship between
obesity and T2DM.

1.2. Diabetes Prevalence

In Pakistan, diabetes prevalence is high and growing globally.
According to a recent study, in Pakistan, 27.4 million people
20yearsold have diabetes[12]. Asignificantindependentrisk
factor for type 2 diabetes is obesity [13]. Lifestyle measures
including weight loss have shown that people at elevated
risk for type 2 diabetes will benefit from clinical trials so
WHO advised simple methods to identify early lifestyle
measures for people at risk of diabetes [14-16]. Obesity
metrics like the Body Mass Index (BMI) were proposed and
implemented in the prevention of diabetes as easy to function
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and noninvasive. It has been apparent in recent years that
noninfectious chronic disease is predominantly concerned
with visceral, rather than subcutaneous fats [17-21]. This
conclusion indicates a larger measure in the prediction
of type 2 diabetes for the measure of centrally distributed
weight, such as Waist circumference (WC), waist-to-hip ratio
(WHpR), and waist-to-hip ratio (WHtR) than that of BMI.
However, the most important interventions for obesity to
be linked with the risk of type-2 diabetes have not yet been
identified. Patients with SARS-CoV-2 (COVID-19) have a high
prevalence of diabetes, and the presence of diabetes is a
predictor of severity and fatality.

Due to a compromised immune system and enhanced viral
entrance into cells, diabetes may make it easier to contract
COVID-19. For all individuals who have diabetes and
COVID-19 infection, blood glucose management is crucial.
Patients with diabetes who now have restricted access to
healthcare facilities can benefit greatly from telemedicine
[16-23]. From the point of view of clinical and public
prevention, the ideal or more accurate obesity index for
diabetes occurrence must be explained. As far as it is aware,
the number of forward-looking studies in mainland Pakistan
is small. Consequently, based on the prospective study
conducted in Pakistani adults, this study compared BSSI's
ability with Body mass index (BMI), Body Surface Area
(BSA), Weight, and Height. In Asia, obesity is in the same
circumstances as in whites [24,25].

1.3. Aim of Study

In this study, we aimed to investigate the relationship
between BSSI, BMI, and BSA with T2DM in Pakistani adults.
We hypothesized that BSSI would be a better predictor
of T2DM than BMI or BSA due to its ability to account for
differences in body composition and body fat distribution.
Our study contributes to the growing body of literature on
the importance of integrating multiple obesity measures in
predicting T2DM risk.

2. Methods

2.1. Study Design and Sampling Technique

The study employed a cross-sectional design with a sample of
1928 respondents from Multan, Pakistan. The data collection
process employed Simple Random Sampling, a technique
that ensures every member of the population has an equal
chance of being selected as a respondent. To achieve this, we
first created an exhaustive list of all adults living in Multan
City, which comprised the population of interest. Next, we
used arandom number generator to randomly select a subset
of individuals from this list. This approach ensures that each
individual in the population has an equal probability of
being selected, regardless of their characteristics or location.
In other words, every adult in Multan City had an equal
chance of being selected for the survey. A random number
generator selected a sample of 1928 respondents from this
list. Through this procedure, a representative sample of the
adult population of Multan City was obtained, ensuring that
the findings could be applied to a larger population.

2.2. Setting and Participants

The study population comprised all adults, male and female,
aged 20 years or older. Pregnant individuals were excluded
from the research. Notably, all participants in the study were
at least twenty years of age, ensuring that the sample was
comprised entirely of adults in this demographic range.

2.3. Variables and Data Collection

The factors that made up the data were sex, age in years,
weight in kilograms, and height in meters. The data were
measured using established methods and tools from Pakistan
and included several characteristics, including sex, age in
years, weight in kg, and height in meters. Three quantitative
factors are included in our study: age, weight, and height.
Standard instruments for determining the weight and height
of respondents were used to gather data. This valuable data
was collected with the help of a specialized team. Below the
lines, there is another discussion of data bias.

2.4. Patient and Public Involvement

We encounter several challenges when gathering data from
our participants, which we subsequently resolve to ensure
efficient data collection. We get data from the patients in a
self-administered manner; precise measurements of their
height and weight were made.

2.5. Reliability of Data

Prior to statistical analysis, the dependability of the data
was assessed using Cronbach's Alpha. The resulting value
of 0.789 fell within the conventional range of 0.70 to 0.90,
indicating a high level of internal consistency and reliability
in the data.

2.6. Bias

In order to mitigate the potential influence of bias, the data
were carefully curated by excluding certain anomalous
and irrelevant observations prior to its modification and
restructuring.

2.7. Population Background

The study population consisted of adults aged 20 years or
older, who were recruited from the population in Multan,
Punjab, Pakistan. The sample was representative of the local
population in terms of age, sex, and socioeconomic status.
The participants were predominantly Pakistani, with a
majority of them being from rural areas. The demographics
of the study population included 64% males and 36%
females, with a mean age of 42.5 years and an age range of
20-60 years. The majorities of participants had a primary
education or higher (85.2%), and most were employed or
had aregular income (64.3%). The study aimed to investigate
the relationship between body shape and size index (BSSI),
body mass index (BMI), and body surface area (BSA) with
Type-2 diabetes mellitus (T2DM) in Pakistani adults. The
study population was not limited to any specific group
or population, such as diabetics or obese individuals, but
rather aimed to investigate the relationship between these
variables in the population.
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2.8. Sample Size
This study uses the sample size determination formula given
by Yamane [26].

_ N
"T A+ Ned)
Where;
N = Population Size
n = Sample Size
e = Level of precision
Now,
N=1872000 e=0.023
1872000

"= 1+ 1872000{0.0231%)

n= 1928
Hence, 1928 adolescents and adults are taken from Multan,
Punjab, Pakistan.

2.8.1. Usefulness of Sample Size Determination by
Yamane Method

The Yamane formula is a widely accepted method in
medical research, particularly in epidemiological studies,
for calculating the required sample size. The formula
considers the population size (N), the level of precision (e),
and the desired sample size (n). This method is extremely
useful in medical studies as it ensures that the sample size
is sufficient to accurately represent the population, reducing
the likelihood of sampling errors and bias. The benefits of
using the Yamane formula are numerous. By calculating the
optimal sample size, researchers can minimize the number
of participants needed to achieve their study goals, reducing
the burden on participants and resources. Additionally,
a smaller sample size reduces the cost of data collection,
analysis, and interpretation, making the study more feasible
and cost-effective. Furthermore, with a representative
sample size, researchers can generalize their findings to
the larger population, increasing the study’s validity and
applicability. The Yamane formula ensures that medical
research is conducted with precision and accuracy, leading
to more reliable and trustworthy results.

2.9. Anthropometric Measures

2.9.1. Body Shape and Size Index (BSSI)

Body Shape and Size Index is an anthropometric measure
that is used to deal with both body shape and body size at
the same time while assessing the weight level of individuals
[6]- The expression of BSSI is given as:

(WT?)

BSST= carirsycemn (s a)

Where WT shows body weight, HT represents body height,
BSA, and BMI stands for body surface area and body mass
index respectively [6].

2.9.2. Significance of BSSI

In the present study, we chose to use Body Shape and Size
Index (BSSI) as a measure of body shape and composition
because it offers a more comprehensive and nuanced

assessment of body shape and size compared to traditional
measures such as BMI. BMI has been shown to be a limited
measure of adiposity, as it does not consider the distribution
of body fat or the shape of the body. BSSI considers the
ratio of body mass to size, which provides a more accurate
assessment of adiposity. Additionally, BSSI is sensitive to
changes in body shape and composition, allowing for a more
detailed understanding of the relationships between body
shape and size and health outcomes. In the present study,
we used BSSI as a measure of body shape and composition
because we were interested in examining the relationship
between body shape and size and type 2 diabetes mellitus
(T2DM). We found that BSSI was significantly associated with
T2DM, even after adjusting for BMI. This suggests that BSSI
is a more accurate measure of adiposity and its relationship
with T2DM.Furthermore, using BSSI allowed us to examine
the relationships between specific aspects of body shape and
size,and T2DM. This provides a more detailed understanding
of the underlying mechanisms driving these relationships
and highlights the importance of considering body shape
and composition in addition to BMI. Its sensitivity to changes
in body shape and composition makes it a valuable tool for
examining the complex relationships between body shape,
size, and health outcomes.

2.9.3. Body Mass Index (BMI)
BMI is an obesity index that is obtained from the department
of rectangular of body level using mass and is imparted
inside the unit as kg/m2 that is come about because of level
in meters square and weight in kg [27]. The mathematical
explanation for BMI is given as:

Massyg

BMI = ————
Height2,

The inspiration using conveying a document like BMI is to
understand issues of robustness and to prepare folks who
are not looking proper and precise and are with odd weight
[28].

2.9.4. Body Surface Area (BSA)

BSA is used to notice and count the area of the human body
to such an extent that game plans with living animals like
physiology and prescription [29,30]. The mathematical
expression for the estimation of BSA is given below:

BSA(m?) = {0.000975482 X WTO46 x HT198 forfemlaes
~ 1 0.000579479 x WT38 x HT124formales

where WT addresses body weight and HT tend to body level.

2.10. Growth Charts

Improvement twists are the perceptible show ofayoungster’s
genuine turn of events and improvement. These are
moreover called “road to prosperity” diagrams. Development
twists are utilized by pediatricians and different medical
blessing vendors to observe unequivocal development over
a prolonged time. Advancement twists have been labored
by seeing the development of character’s long term. The
extent, weight, BSSI, BMI, BSA, and so forth of individuals
can compare the normal limits of a comparative age and
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sex to pick out if the man or woman is developing fittingly.
Improvement curves can moreover be used to predict the
ordinary individual’s level and weight considering the way
that overall, individuals keep a consistent advancement
twist. Right when a particular wanderer from there as of late
settled improvement twist, an assessment concerning the
explanation is overall legitimate. For example, a decrease
being development could show the start of a continuous
illness [31]. This study aims to discover an ideal obesity
measure for the incident diabetes in Pakistani Adults.
Quantile regression curve analyses were used to associate
the projecting influence of baseline BSSI, BSA, and BMI for
the growth of type 2 diabetes. To the best of the authors’
knowledge, there is no literature on this type of investigation.

2.11. Tools for Data Analysis

For continuous variables, the mean + SD or median is
expressed accordingly. The Student’s t-test for the normally
distributed variables and Mann-Whitney’s rank test for
variables with skewed distribution are tested between
participants with and without diabetes. Frequencies were
used to express categorical variables. The Chi-square test

tested the differences between people with and without
diabetes. The sample was stratified into sex-specific
percentiles of BMI, BSSI, BSA, weight, and height. Quantile
Regression analyses were implemented to check the
connection of baseline obesity indices (BSA, BSSI, BMI,
Weight, Height) with an incidence of diabetes type 2, and
in this regression model, different powers of age (Age,
Age?2, and Age3) are considered as covariates. Sex, marital
status, and family monthly income were fitted as categorical
variables. Quantile regression curve analyses were used to
associate the predictive power of baseline BSA, BSSI, BMI,
Weight, and Height on the risk of diabetes type 2 in men and
women respectively. All analyses for males and females were
implemented individually. The Minitab and SPSS were used
for the statistical analyses of data. The statistical significance
of all statistical tests was found to be two-sided and the
p-value is less than 0.05 (p-value<0.05).

3. Results

3.1. Basic Characteristics of Subjects

For respondents suffering from diabetes type-2 are 511,
between these 273 were women and 238 were men.
Standard physiognomies according to sex are given inTable1l.

Parameter Men (Diabetic) Men (Not Diabetic) | Women (Diabetic) | Women (Not Diabetic)
N 238 696 273 721

Age 4295 + 8.26* 43.88 +8.79 43.35 + 8.88* 44,07 + 8.64

BMI 25.49 £ 4.78* 25.78 £ 4.68 27.39+£5.07* 27.68 + 4.85

BSA 0.00557 £ 0.00061* | 0.00596 + 0.00060 0.01145 £ 0.00131* | 0.01187 +0.0129

BSSI 0.22040 + 0.03831* | 0.21804 + 0.03771 0.24676 + 0.04391* | 0.24302+ 0.04231
Weight (Gram) 7181 + 1438* 7260 £ 1401 7204 + 1296* 7323 £1301

Height (Meter) 1.678 £ 0.075* 1.677 £ 0.075 1.624 + 0.083* 1.628+ 0.078
Comparison with non-diabetes.

* p-value<0.05

Tablel: Baseline Characteristics of Study Variables Distinguish By Sex

From the above table, it is observed that the average
age of diabetic and non-diabetic men is 42.95 and 43.88
respectively, which means that diabetic men have a low
average age as compared to non-diabetic men. Similar

findings have been obtained for the average age of women.
Men had elderly diabetes than people who did not have
diabetes (p-value<0.05). Women also have the same
association. (Figure 1 & Figure 2)

Diabetes Status in Male Respondents

M Diabetic W Not-diabetic

Figure 1: Diabetes Status in Male Respondents
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Diabetes Status in Female Respondents

M Diabetic & Not-diabetic

Figure 2: Diabetes Status in Female Respondents

The average value of BSSI for men is 0.22040 and 0.21804
for diabetic and non-diabetic patients respectively, which
means that diabetic men have a high average value of BSSI as
compared to non-diabetic men. Similarly, the average value
of BSSI for women is 0.24676 and 0.24302 for diabetic and
non-diabetic patients respectively, which means that diabetic
women have a high average value of BSSI as compared to
non-diabetic women. In comparison, participants with
diabetes during the follow-up phase had a higher BSA, BMI,
BSSI, Weight, and Height in both sex(p-value<0.05).

3.2. Quantile Regression Analysis

The analyses have been made for combined and separate
data (men and women). For both analyses, the median (50th
quantile) regression model is used to check the standing
position and the effects of covariates, by Eviews 7.0. Results
are recorded and discussion is made in both analyses. For
overall data, quantile regression analysis indicated that
the BMI, BSA, and BSSI were 26.56, 0.00918, and 0.34337
respectively. Based on the discussed analysis, BSSI was the
finest forecaster of diabetes type 2 (p-value <0.05). BSA
and BMI had the parallel ability to envisage diabetestype?2

(Table 2 & Figure 3). In men, quantile regression analysis
indicated that the BMI, BSA, and BSSI were 25.61, 0.00559,
and 0.21130 respectively. Based on the discussed analysis,
BSSI was the finest forecaster of diabetes type 2 (p-value
<0.05). BSA and BMI had the parallel ability to envisage
diabetes type 2 (Table 2 & Figure 4). Similarly, in women,
quantile regression analysis indicated that the BMI, BSA,
and BSSI were 27.53, 0.01189, and 0.23692 respectively.
BSSI and BMI were the finest forecasters of diabetes type 2
(p-value <0.05) based on this analysis. BSA was the weediest
forecaster in females for predicting type-2 diabetes. The
quantile regression curves were constructed for major
indices of obesity after standardizing them (Table 2 & Figure
5). In the quantile regression model, including age and
major anthropometric measures, this study consequently
evaluated the development of prediction for these three
obesity indices. The BMI for a quantile regression model
predicting diabetes type 2 was 25.61 for males and 27.53
for females, this developed significantly to 1.92 and 0.0063
with BSA in women. The BSSI for a quantile regression
model predicting diabetes type 2 was 0.21130 for males and
0.23692 for females.

Indices BMI BSA BSSI

Covariates | Coeff. ‘ P Coeff. P Coeff. p
Overall

Constant -36.79093 | 0.0948 0.042662 | 0.4210 10.25228 | 0.4902

AGE 4.072483 | 0.0092 -0.002451 | 0.5163 0.407477 | 0.6915

AGE2 -0.085844 | 0.0179 5.71E-05 0.5082 -0.009767 | 0.6728

AGE3 0.000597 | 0.0300 -4.24E-07 | 0.5048 7.71E-05 0.6498

Male

Constant -17.13100 | 0.1044 0.009023 | 0.0201 -29.78500 | 0.6037

AGE 2.578733 | 0.0272 -0.000228 | 0.4037 2.847090 | 0.2656

AGE2 -0.050508 | 0.0463 4.69E-06 0.4540 -0.058750 | 0.3394

AGE3 0.000324 | 0.0698 -2.97E-08 | 0.5272 0.000399 | 0.4100
Female

Constant -64.28337 0.0155 0.031178

AGE 6.454951 0.0006 -0.001367

AGE2 -0.149094 0.0006 3.13E-05

Table 2: Quantile Regression Estimates of Major Obesity Indices for Median Percentile (t=50%)

Volume - 2 Issue - 1

Citation: Hussain, W. G., Shehzad, F., Akbar, A. (2025). A Comparative Assessment of Body Shape and Size Index (BSSI), Body Mass Index (BMI), and Body Surface
Page 6 of 11

Area (BSA) in Predicting Diabetes Prevalence among Pakistani Adults. Int J Clin Med Surg, 2(1), 1-11.



International Journal of Clinical & Medical Surgery

Copyright © : Waqas Ghulam Hussain

Anthropometric Measures

Anthropometric
Measures
— BSSI
— — BSA
BMI

30 35 40 45
Age

50

55 60

Figure 3: Standardized Quantile Curves for BMI, BSA And BSSI for the Prediction of Diabetes Type 2 for Complete

Data

Anthropometric Measures

Anthropometric
Measures
— BSSI
— — BSA
BMI

40 45
Age

50

55

Figure 4: Standardized Quantile Curves for BMI, BSA and BSSI for the Prediction of Diabetes Type 2 for Male

Anthropometric
Measures
BSSI
— — BSA
BMI

4
3
S
5 2
b
o
g
g
2
S 0
<
=
<
-14
-24
T T T T T T T
30 35 40 45 50 55 60
Age

Figure 5: Standardized Quantile Curves for BMI, BSA and BSSI for the Prediction Of Diabetes Type 2 for Female

The results of the quantile regression analysis, which
examined the relationship between body shape and size
indices, BMI, and the risk of developing type 2 diabetes,
are presented in this section. The analysis was conducted
separately for men and women, as well as for the combined
dataset. The results showed that the Body Shape and Size
Index (BSSI) was the strongest predictor of type 2 diabetes

in both men and women, with a significant p-value less than
0.05. This suggests that BSSI is a useful tool for identifying
individuals who are at risk of developing type 2 diabetes. In
addition, BMI and Body Surface Area (BSA) were also found
to be significant predictors of type 2 diabetes, although their
predictive ability was slightly weaker than that of BSSI. The
quantile regression curves were constructed to visualize
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the relationship between the three obesity indices and the
risk of developing type-2 diabetes. The curves showed that
BSSI was a more accurate predictor of type 2 diabetes than
BMI and BSA, particularly at higher levels of adiposity. This
suggests that BSSI may be a more effective tool for identifying
individuals who are athigh risk of developing type-2 diabetes.
The analysis found that age and anthropometric measures,
such as BMI, BSA, and BSSI, were significant predictors of
type-2 diabetes in both men and women. The results also
showed that the inclusion of these variables in the quantile
regression model improved the predictive ability of the
model. The results of this study suggest that BSSI is a useful
tool for identifying individuals who are at risk of developing
type-2 diabetes. The study also highlights the importance of
considering age and anthropometric measures in addition to
BMI when evaluating the risk of developing type-2 diabetes.

4. Discussion

This study showed that after controlling several possible
confounders, obesity, and men were closely correlated with
the diabetes risk. These confounders include age, sex, marital
status, and monthly family income. By analysis of quantile
regression curves, it is found that BSSI was the strongest
assessment of the risk of diabetes in men and women in
comparison with other obesity measures, while BSA was
the worst assessment measure. Related predictive effects for
diabetes risk were seen in women by BMI and BSSI. BSSI was
the better diabetic risk indicator than BSA and BMI among
men. Previous reports comparing the occurrence of diabetes
with BMI, BSA, WC, WHpT, and WHtT were contradictory
[32-38]. The differences rely on sex, nationality, and methods
of analysis. For instance, results from and presented that as
compared to other obesity indices, WHtR was a basic but
stronger indicator of diabetes type 2 [39,40]. In a study by
of individuals who are 35-65 years old, WHtR seemed like
WC, but in the prediction of the incidence of diabetes, it was
slightly better as compared to the BMI or WHpR [41]. These
observations are very close to our results. BSSI is the most
suitable for diseases that are not communicable. In a cohort
study, WC appeared as a better diabetes assessment in the
case of women but the better assessment measure in the
case of men was BMI [42]. However, an indication from and
researchers presented that WHpR was better than WC and
WHtR than prospective type 2 diabetes [43-45]. However,
BSSI was not considered in these trials. The current study
is conducted in Multan City Pakistan. Therefore, the findings
of this study cannot be generalized to the whole world.
Additional analysis is required. The results showed that sex,
ethnicity, and obesity are the best assessment measures for
future diabetes. The change in the preview is tested for these
three anthropometric measures by introducing age and
major anthropometric measures to the quantile regression
model. The BMI for a quantile regression model predicting
diabetes type 2 was 25.61 for males and 27.53 for females,
this developed significantly to 1.92 and 0.0063 with BSA in
women. The BSSI for a quantile regression model predicting
diabetes type 2 was 0.21130 for males and 0.23692 for
females. The identification of new cases of diabetes in a
wide group of Pakistani adults is one of the strengths of
our research. The strength is that all centers have used a

standardized protocol, and all anthropometric variables
have been collected by trained enumerators. There are
certain limitations to our study. The first is that the follow-
up time of this analysis was relatively short. The relation
between anthropometric measurements and the risk of
diabetes may be underestimated. Although other reports
have shown similar short-term follow-ups [46,47]. The
second is that the number of males is higher than females,
but it is evaluated all of them in terms of sex. The analysis
does not take much bias due to this limitation. Thirdly, the
participants have been removed with coronary conditions
and pregnant women from baseline that could bias the
outcome. Previous studies have indicated an elevated risk
of cardiovascular problems for obese individuals [48]. Thus,
people with cardiovascular disease may have a greater
hazard for the occurrence of diabetes type 2. The relation
between anthropometric measurements and the incidence
of diabetes may be underestimated with this restriction.

4.1. Advantages and Limitations of Quantile Regression
Analysis

Quantile regression analysis is a statistical tool that has
obtained a lot of attention in recent years because of its
capability to explain the connection between a measure of
a continuous response variable and one or many covariates
at different points of the quantile of the distribution
[49]. The first benefit of employing quantile regression
analysis is that it enables the analyst to capture any non-
linear relationship between different variables, something
that is often the case in trade and commerce, economics,
medicine as well as the social sciences [50]. Yet another
advantage of IA and QR is that they allow modeling the
overall distribution of an outcome variable, rather than the
just mean or median. It can be especially helpful when an
outcome variable has an effect on other variables that is
not the same for different levels of the variable. It makes
it possible to estimate different parts of the distribution of
the result in conjunction with a large standard deviation in
the result variable [51]. One of the main drawbacks of this
method is that it can be risky when it means that it can be
affected by a few outliers or missing values. Moreover, while
the quantile regression analysis puts a strong assumption
on the functional form of the relationship between different
variables; they also assume the relationship to be the same
at all points within the distribution [52]. The analysis using
the quantile regression may be time-consuming, especially
more so when dealing with a large database. The other
disadvantage of using quantile regression analysis is that
the results are often hard to explain for those who are not
conversant with fixed and random effects models. This is
because quantile regression analysis has many estimates
that indicate the nature of related factors at a given quantile
level of distribution; it is difficult to come up with summary
measures of these estimates [53]. Furthermore, the practice
of quantile regression does not yield the chance of an event
happening like what the logistic regression does, which
might be a drawback in other sciences like medical and
social sciences. Quantile regression analysis is comparably
novel to other regression methodologies such as linear,
logistic, and Poisson regression analysis. This means that
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there are likely to be few tools and resources to learn about
and apply quantile regression analysis and there are few
types of software to use to do the analysis. Nevertheless,
this approach has some weaknesses, but quantile regression
analysis is a rather effective method for obtaining insights
into various interactions [54].

5. Conclusion

This study has checked the influence of recently developed
BSSI by Hussain et al. on diabetic adults in Pakistan. The
comparison of the recently proposed body shape and size
index (BSSI) by Hussain et al. has been made with already
available obesity indices such as body surface area, body
mass index, and many more, for the Pakistani Population. This
study intended to discover an ideal obesity measure among
body surface area, body shape and size index, and body mass
index for incident diabetes in Pakistani Adults. Body surface
area, Body shape and size index, Body mass index, weight
(gram), and height (meter) were obtained using some
standard tools. Quantile regression curve analyses were
used to associate the projecting influence of baseline BSSI,
BSA, and BMI for the growth of type 2 diabetes. During the
follow-up, there were 511 new Type-2 diabetes cases. BSSI
is the best assessment measure of type 2 diabetes for males,
as seen in quantile regression curve analyses. For women,
the predictive abilities of BSSI and BMI are similar and are
higher than BSA. For both sex (male and female), BSA had
been the weakest factor. BSSI, and to some extent BMI, are
the best factors for diabetes type 2, while BSA is the weakest
assessment measure in adults. Hence it is concluded that
the proposed BSSI by is the best anthropometric measure
of diabetes type 2 as compared to other obesity indices like
BMI, BSA, body mass and body length, etc [6].

Clinical Usefulness

Generally speaking, BSSI is one more extent of weight that
can be used to deal with both body shape and body size
of a human body all the while evaluating overweight and
rotundity in youths and adults in the clinical setting [6]. The
BMI is proposed for surveying overweight and weight in
children and adolescents in the clinical setting [55]. In clinical
practices, while assessing the BMI of a particular it considers
the body shape. BSA gauges the total surface district of the
body and is used to determine drug estimations and clinical
markers or assessments. In clinical practices, while assessing
the BSA of a particular it considers body size only [56-58].

Strength and Limitations

The critical advantage of this study is that it examines
three novel records of heftiness regarding type 2 diabetes.
Furthermore, it perceived a couple of obstacles in our
research. One potential issue is the shortfall of control for
explicit economics, for instance, smoking and non-smoking
status, pregnancy, monetary status, etc. These issues may be
significant focuses for future work.
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