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Introduction
Background 

The study of human growth and development is a crucial aspect 
of medicine, as it provides insights into the physical and biological 
changes that occur throughout an individual’s life. One of the most 
widely used indices of growth and development is the PI, which is a 
dimensionless measure of BMI adjusted for height. The PI is calculated 
by dividing the weight of an individual in kilograms by the cube of 
their height in meters (kg/m³). This index has been widely used to 
assess growth and development in children and adults, as it provides 
a more accurate representation of body composition than BMI alone.1 
The PI has been shown to be a reliable indicator of overall health 
and nutritional status, with values below 18.5 indicating underweight, 
between 18.5 and 24.9 indicating normal weight, and above 24.9 
indicating overweight or obesity.2 The PI has also been criticized for 
its limitations, including its sensitivity to errors in measurement and 
its inability to account for changes in body composition over time.3

A person’s leanness is measured using the Corpulence Index (CI) 
or PI, which is based on their mass and height. It is sometimes referred 
to as Rohrer’s Index since Swiss Physician Fritz Rohrer proposed it as 
the “Corpulence measure” in 1921. The only difference between it and 
the BMI is that the third power of body height is used to normalize the 

mass rather than the second. Over a century after Rohrer first proposed 
PI, Sultan Babar showed that it did not require modification for height 
over puberty.4 The BMI has difficulty since it doesn’t generate reliable 
findings for persons who are extremely short or extremely tall. For 
instance, a person 200 cm tall will have a BMI of 24.84, which is 
extremely near to the “overweight” criterion of 25, and a PI of 12.4, 
whereas a person 150 cm tall will have an optimal height-adjusted 
body weight of 20.7 and a PI of 13.6, respectively. It is most typically 
utilized in pediatrics because of its feature. Because of their shorter 
legs, new-borns have typical values that are almost twice as high as 
adults. After puberty, it does not need to be modified for age. It has 
also been demonstrated that it has a decreased false positive rate in 
athletes.5

One way to overcome these limitations is by using Gaussian 
percentiles, which provide a more nuanced understanding of growth 
and development by allowing for the calculation of Z-scores. Z-scores 
are a measure of how many standard deviations an individual’s value 
is above or below the mean value of a population.6 By using Gaussian 
percentiles, researchers can determine whether an individual’s PI is 
above or below the expected range for their age and sex. In Pakistan, 
where malnutrition and stunting are major public health concerns, 
understanding human growth and development is particularly 
important. Stunting, which is defined as a height-for-age Z-score 
below -2, is estimated to affect over 40% of children under the age 
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Abstract

The construction of growth charts is one of the essential procedures used for defining normal 
patterns of human growth and evaluating trends in quantitative terms in the pediatric field. 
This research also helps to present a detailed growth chart of PI for Pakistani adults with 
aggregated data of 9906 people of Multan and Bahawalpur (cities of Pakistan). The PI 
as an indicator of growth and development is a dimensionless measure of BMI adjusted 
for height. It is found that the PI mean value is 14.80 ± 3.57 (mean ± SD) which shows 
a moderate increase in PI values from the age of 5 years with a plateau at the age of 15 
years. According to the Gaussian percentiles, it can be pointed out that the construction of 
growth charts for various physiological and pathological states is essential. Empirical PI 
Gaussian (Z-score) Percentiles can be used as discrete estimates of population Gaussian 
(Z-score) Percentiles. This is possible since the use of the Z-score approach makes it easier 
to develop smoother and more accurate PI Z-score percentiles concerning specific ages. 
With this methodology, one can develop growth reference curves for various physiological 
and medical disorders that affect children and adolescents. This will allow practitioners to 
comprehend normal growth and establish some reference points against which to consider 
abnormal growth. 

In medical terms, this paper will be useful for the field of pediatric medicine where it will 
contribute a detailed growth chart of PI in adults of the Pakistani population. The findings 
affirm the necessity for generating growth charts by different physiological and pathological 
circumstances, pointing to empirical PI Gaussian (Z-score) Percentiles as appropriating 
discrete measures of population Gaussian (Z-score) Percentiles. According to the Z-score 
approach, more accurate and continuous PI Z-score curves against the given ages may be 
established so that various deviations from normal growth may be distinguished.

Keywords: ponderal index, quantitative approach, obesity, gaussian (z-score) percentiles, 
growth charts
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of five in Pakistan.7 Malnutrition, which can have long-term effects 
on physical and cognitive development, is also a significant problem 
in Pakistan.8

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.9 There is a lack of 
research on the use of Gaussian percentiles in Pakistani populations. 
Similar study has been done by Hussain et al., (2021) for BSSI 
using Quantile Regression Percentiles.10 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.

Objective of study 

This research study’s goal is to use the Gaussian (Z-Score) 
technique to analyze the estimated quantiles of PI, with a particular 
emphasis on looking at the PI gap for Pakistan’s population. By 
examining the PI quantiles, this study seeks to add to the body of 
material already in existence that has been disregarded in earlier 
research that has concentrated on other obesity markers.

Methodology
Research design and participant selection 

This study used a cross-sectional research technique to choose 
9906 participants, ages 2 to 60, from a variety of Pakistani public 
spaces. The study employed convenience sampling, and individuals 
were selected from parks, markets, hospitals, and transit hubs.11 
In the study, easy sampling is used to gather data for preschoolers 
aged 0–3, whereas labor-intensive and convenient sampling is used 
to collect data for school-age children aged 4–19. Permission from 
the appropriate school administrations was secured to collect data 
from the selected schools, which included both public and private 
institutions.

Convenience sampling was used in the study to gather samples of 
people in public places, with ages ranging from 20 to 60. Teams of 
two male and one female enumerators were employed to visit homes 
and collect data by posing pre-formulated queries.12 Gender disparity 
was a significant influence in the study’s conclusions. So, different 
questionnaires were constructed for individuals who identified as male 
and female. The information acquired provides important insights into 
the population’s socioeconomic, health, and demographic features.

Study population

Those who were at least two years old made up the study’s target 
population. The research did not include any pregnant participants.13 
Both boys and females were included in the sample, and great care 
was made to collect data from the Pakistani provinces of Bahawalpur 
and Multan.

Variables of interest 

The study aimed to determine a number of characteristics in order 
to meet the research’s stated aims. The primary dependent variable 
was the anthropometric measure known as PI. According to Chen 

and co-authors’ methodology, age was one of the exploratory factors 
in their investigation,14 and categorical variables involved gender, 
marital status, monthly income, and residential area.15 These variables 
included both the numerical and non-numerical data derived from a 
wide group of participants.

Collection of data 

Doctors and dietitians in the neighborhood helped both of the 
two groups of three persons collect the data. From July to December 
2023, a period of six months, was used for the study’s investigation. 
Primary data was collected using a two-part, tailored questionnaire 
that was self-administered. In the first section, basic biographical 
data (gender and age, rounded to the nearest year) was collected from 
school enrollment records or, for children under five, with parental 
permission. In the second section, specifics on the anthropometric 
measurements were provided.

Patient and community engagement 

As the analysis below demonstrates, despite the research team’s 
best efforts, a number of issues arose during the study’s execution and 
data gathering. The participant’s height and weight were measured 
by self-completion, ensuring that the data was collected objectively.

Data reliability assessment 

Regarding internal consistency, the reliability of the collected data 
was determined by Cronbach’s Alpha, which had a value of 0.8405 
that was found within the normal range of 0.70-0.90.16 This means 
that the collected data is correct and valid for statistical analysis since 
it conforms with the hypothesized distribution. 

Minimizing bias

To reduce bias, observations that were deemed outliers or did not 
align with the study topic were excluded throughout the data editing 
and cleaning procedure.17 It was necessary to ensure that the collected 
data was correct and did not contain any errors to identify the findings 
of the study as true.

Informed consent statement 

Each respondent gave their informed consent in writing.

Sample size determination 

We determine the sample size for our study by using the following 

formula:18   
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+

where 

n is the Sample Size 

N is the size of the population

e = Precision Level

Now,
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 9906n =

As a result, 9906 people and children are removed from Multan 
and Bahawalpur, two Pakistani cities.

Statistical analysis techniques 

The mathematical expression for the computation of PI is given 
below:

                     
3PI kg

m

Mass
Height

=

Gaussian (Z-Score) Percentiles 

To evaluate an individual’s nutritional status and growth, such 
as undernutrition (such as underweight, stunting, and wasting) and 
over nutrition, percentiles, and Z-scores in various metrics have been 
frequently utilized (i.e., overweight and obesity). Percentiles (such 
as the 5th, 85th, 95th, 97th, and 99th percentiles) and Z-scores (like 
-2 and +2), as well as sex-age-specific metrics, are widely used to 
categorize a variety of health issues. Tables and smoothed curves on 
growth charts both give cut points (based on percentiles or Z-scores). 
Despite the need to address a rise in obesity during the past 20 years 
in many countries, the WHO’s global growth goals have generally 
focused more on problems connected to undernutrition, such as 
wasting, stunting, and being underweight. In contrast to earlier 
versions of WHO growth benchmarks, which were based on US 
data, the new WHO Growth Standards for preschool-aged children 
were created in 2006 and are based on data obtained from numerous 
nations.19 Pediatric growth charts have been used extensively 
worldwide by researchers, physicians, nurses, and parents to evaluate 
children’s development and nutritional condition, although frequently 
users are unaware of the limitations of these charts.20 For instance, 
growth charts were not intended to serve as the only diagnostic tool. 
Instead, they help create a clinical sense of the youngster being 
measured as a whole.21 Furthermore, due to the interchange ability 
of the phrases “growth reference” and “growth standard,” many users 
are unaware of the distinctions between the two. In this chapter, the 
fundamentals, applications, and benefits of percentiles and Z-scores in 
anthropometry are first covered. The next two major issues that must 
be resolved are the selection of anthropometric measure cut points and 
statistical methods for growth curve fitting and smoothing. In some of 
these references, anthropometric data that correlate to certain Z-scores 
and percentiles are provided.

Use of Gaussian (Z-Score) Percentiles for PI 
Gaussian percentiles, also known as Z-scores, are a powerful 

tool in the analysis of PI data. PI is a widely used index of growth 
and development, and Gaussian percentiles provide a more nuanced 
understanding of an individual’s PI by allowing for the calculation 
of Z-scores.22 Z-scores are a measure of how many standard 
deviations an individual’s value is above or below the mean value 
of a population.23 One of the primary uses of Gaussian percentiles 
for PI is in the assessment of growth and development patterns in 
children and adults. By calculating Z-scores for PI values, researchers 
can determine whether an individual’s PI is above or below the 
expected range for their age and sex.24 This information can be used 
to identify individuals who may be at risk for malnutrition or stunting, 
and to develop targeted interventions to improve nutritional status and 
reduce the prevalence of these conditions.

Gaussian percentiles for PI can also be used to evaluate the 
effectiveness of nutritional interventions. For example, researchers 
can use Z-scores to assess changes in PI values over time in response 
to nutrition education programs or supplementation trials.25 This 
information can be used to evaluate the effectiveness of these 
interventions and to identify areas for improvement.

Another important application of Gaussian percentiles for PI is in 
the diagnosis of certain medical conditions. For example, PI values 
that are significantly below the mean may indicate a diagnosis of 
malnutrition or stunting, while values that are significantly above 
the mean may indicate a diagnosis of obesity or overweight.26 By 
using Gaussian percentiles for PI, healthcare providers can quickly 
and easily identify individuals who may require further evaluation 
and treatment. Gaussian percentiles for PI can also be used in 
epidemiological studies to identify risk factors for certain health 
outcomes. For example, researchers may use Z-scores to examine 
the relationship between PI values and the risk of developing chronic 
diseases such as diabetes or cardiovascular disease.3 This information 
can be used to develop targeted prevention strategies and to improve 
public health outcomes.

Gaussian percentiles for PI can be used in clinical trials to evaluate 
the safety and efficacy of new treatments. For example, researchers 
may use Z-scores to assess changes in PI values over time in response 
to new medications or therapies.27 This information can be used to 
evaluate the effectiveness of these treatments and to identify potential 
side effects. Gaussian percentiles for PI can be used in research 
studies to explore the relationships between PI values and other health 
outcomes. For example, researchers may use Z-scores to examine the 
relationship between PI values and measures of cognitive function 
or mental health.28 This information can be used to develop a better 
understanding of the complex relationships between growth and 
development, nutrition, and health outcomes.

Gaussian percentiles for PI are a valuable tool in the analysis of 
growth and development patterns. By providing a more nuanced 
understanding of an individual’s PI, Z-scores can be used to assess 
growth and development patterns, evaluate the effectiveness of 
nutritional interventions, diagnose certain medical conditions, 
identify risk factors for certain health outcomes, evaluate the safety 
and efficacy of new treatments, and explore the relationships between 
PI values and other health outcomes.

Results
Participants

In this study, we have taken a sample of 9906 participants of which 
the majority are of male gender although women are also included. 
Among them the breakdown is as follows: 5524 are men, which 
account for 55 percent, and 4382 are women which is equivalent to 44 
percent. The gender distribution is almost equal in the study sample, 
however, men form a slightly larger proportion as compared to women. 
It is necessary to recognize the fact that gender distribution might 
influence the results of the research as well as the conclusions that are 
drawn from the results. The physical sizes of males and females vary, 
which may affect the reliability and relevance of our findings. It’s also 
critical to acknowledge that, due to the small sample size, there are 
far fewer female participants than male ones. The results cannot be 
generalized to a large sample of female participants. Therefore, more 
people especially women may need to be included in future studies 
to guarantee that the samples are more representative. The current 
database can be a useful starting point for characterizing the size, 
shape, and age connections among the people in this community.
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Descriptive analysis

The following descriptive analysis is given with respect to each 
variable. The below table represents descriptive statistics of PI for 
all age groups, gender wise PI comparison, marital status wise PI 
comparison, residential wise PI comparison and monthly income or 
wage distribution wise PI comparison. The estimated p-value for the 
gender-based comparison is (p-value<0.001), indicating that there is a 
significant difference between the PI of males and PI of females. The 

p-value is determined to indicate that there is a significant difference 
between the PI of urban and rural inhabitants (p-value<0.001) 
when residential area is compared. The p-value is calculated for 
the comparison of respondents’ marital status, and it comes out to 
(p-value<0.001), indicating that there is a significant difference 
between respondents who are single and those who are married. 
The p-value, determined as (p-value<0.001), indicates that there is 
a significant difference between the various levels of income for PI 
when comparing monthly income or salary distribution wise.Table 1.

Table 1 Descriptive Statistics of PI for All Age Groups

Category N Mean Median Min Max S.E Var S.D P-value

Overall 9906 14.80 14.23 6.93 40.56 0.036 12.76 3.57

By Gender

Male 5524 14.32 13.85 7.33 40.56 0.044 10.81 3.29
<0.001

Female 4382 15.40 14.73 6.93 38.54 0.058 14.59 3.82

By Residential Area 

Urban 4459 14.82 14.24 6.93 35.46 0.054 12.78 3.58
<0.001

Rural 5447 14.78 14.22 6.93 40.56 0.048 12.75 3.57

By Marital Status 

Single 5913 14.13 14.43 6.93 40.56 0.046 6.93 3.53
<0.001

Married 3993 15.78 15.47 8.57 27.64 0.054 8.57 3.41

By Monthly Income (Wage Distribution)

0-9999 2090 14.75 13.92 7.92 35.46 0.079 13.03 3.61

<0.001

10000-19999 3688 14.57 14.04 6.93 35.75 0.059 12.62 3.55

20000-29999 1895 14.78 14.32 7.33 40.56 0.083 13.13 3.62

30000-39999 863 15.39 15.11 7.80 34.17 0.119 12.30 3.51

40000-49999 694 15.25 14.69 8.01 30.37 0.133 12.22 3.49

>50000 676 15.02 14.44 8.30 33.87 0.133 11.96 3.45

The below table represents descriptive statistics of PI for age 
groups 2 to 5 and gender wise PI comparison, and Residential area 
wise PI comparison. The estimated p-value for the gender-based 
comparison is (p-value<0.001), indicating that there is a significant 

difference between the PI of males and PI of females. The p-value is 
determined to indicate that there is a significant difference between 
the PI of urban and rural inhabitants (p-value<0.001) when residential 
area is compared Table 2.

Table 2 Descriptive statistics of PI for 2 to 5 age groups

Category N Mean Median Min Max S.E M Var S.D P-value

Overall 537 18.75 18.56 10.61 40.45 0.229 28.09 5.30

By Gender

Male 262 18.01 17.78 10.61 40.56 0.340 30.21 5.49
<0.001

Female 275 19.46 19.56 10.61 38.54 0.302 25.15 5.01

By Residential Area 

Urban 241 18.87 18.77 10.61 35.46 0.332 26.51 5.15
<0.001

Rural 296 18.65 18.55 10.61 40.56 0.315 29.45 5.43

The below table represents descriptive statistics of PI for age 
groups 5 to 14 and gender wise PI comparison, residential area 
wise PI comparison and family income or wage distribution wise PI 
comparison. The estimated p-value for the gender-based comparison 
is (p-value <0.001), indicating that there is a significant difference 
between the PI of males and PI of females. The p-value is determined 

to indicate that there is a significant difference between the PI of 
urban and rural inhabitants (p-value<0.001) when residential area is 
compared. The p-value, determined as (p-value<0.001), indicates that 
there is a significant difference between the various levels of income 
for PI when comparing monthly income or salary distribution wise 
Table 3.
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Table 3 Descriptive statistics of PI for 5 to 14 age groups

Category N Mean Median Min Max S.E Var S.D P-value
Overall 1944 14.60 14.24 6.93 26.94 0.075 10.92 3.31
By Gender
Male 1162 14.40 14.17 7.33 24.73 0.096 10.75 3.28

< 0.001
Female 782 14.90 14.43 6.93 26.94 0.119 11.05 3.33
By Residential Area 
Urban 900 14.51 14.17 6.93 25.31 0.111 11.01 3.32

<0.001
Rural 1044 14.68 14.28 6.93 26.94 0.102 10.85 3.29
By Monthly Income (Wage Distribution)
0-9999 368 14.91 14.66 8.59 23.91 0.175 11.27 3.36

<0.001

10000-19999 758 14.37 14.17 6.93 24.73 0.115 10.03 3.16
20000-29999 354 14.54 14.17 9.03 22.62 0.168 10.04 3.17
30000-39999 178 14.21 13.78 7.80 23.92 0.241 10.38 3.22
40000-49999 174 15.01 14.69 8.31 26.94 0.265 12.25 3.50
>50000 112 15.31 14.50 8.30 22.23 0.381 16.29 4.04

The below table represents descriptive statistics of PI for 14 and 
above age groups, gender wise PI comparison, Marital Status wise PI 
comparison, residential area wise PI comparison and monthly income 
or wage distribution wise PI comparison. The estimated p-value for 
the gender-based comparison is (p-value<0.001), indicating that there 
is a significant difference between the PI of males and PI of females. 
The p-value is calculated for the comparison of Marital Status, and it 
comes out to (p-value=<0.001), indicating that there is a significant 

difference between the PI of married and unmarried people. The p-value 
is determined to indicate that there is a significant difference between 
the PI of urban and rural inhabitants (p-value<0.001) for residential 
area comparison. The p-value, determined as (p-value<0.001), 
indicates that there is a significant difference between the various 
levels of income for PI when comparing monthly income or wage 
distribution wise Table 4.

Table 4  Descriptive statistics of PI for 14 and above age groups

Category N Mean Median Min Max S.E Var S.D P-value
Overall 7425 14.56 14.02 7.33 27.64 0.038 10.95 3.31
By Gender
Male 4100 14.06 13.67 7.33 24.78 0.046 8.65 2.94

<0.001
Female 3325 15.18 14.55 7.92 27.64 0.063 13.09 3.62
By Residential Area 
Urban 3318 14.61 14.09 7.33 27.64 0.058 11.01 3.32

<0.001
Rural 4107 14.52 13.99 7.33 27.33 0.052 10.89 3.30
By Marital Status 
Single 3438 13.14 12.77 11.37 23.00 0.043 6.46 2.54

<0.001
Married 3987 15.79 15.49 13.30 27.64 0.054 11.58 3.40
By Monthly Income (Wage Distribution)
0-9999 1547 14.39 13.62 7.92 27.64 0.087 11.65 3.41

<0.001

10000-19999 2766 14.38 13.80 8.14 27.33 0.064 11.45 3.38
20000-29999 1462 14.51 14.10 7.33 23.00 0.083 10.11 3.18
30000-39999 618 14.41 15.18 9.70 23.92 0.131 10.56 3.25
40000-49999 486 15.07 14.65 8.01 22.50 0.144 10.13 3.18
>50000 546 14.72 14.37 8.57 24.55 0.125 8.59 2.93

Inferential analysis

Gaussian percentiles from PI

It is thought that the PI Gaussian percentile growth charts are 
useful for determining the trajectory of body composition.21 These 
charts help compare PI measures because they employ standardized 
Z-scores, which allow a kid to be measured against other children in 
different age ranges or population sets.29 The resulting Z-score values 
are derived using regression models that forecast the PI measurements’ 
mean and standard deviation (SD). The growth charts for PI using 

Z-Scores or Gaussian Percentiles are shown below. Along with 
the regression equations in the original unit, seven curves showing 
the Z-score values of -3, -2, -1, 0, 1, and 3 are provided for the PI 
measurements. Standardized Z-scores have a mean of 0 and an SD of 
1, therefore Z = 0 represents the estimated mean, and Z = -3, -2, -1, 1, 
2, 3 represents the estimated regression line’s SD, which is represented 
by Z = -3, -2, -1, 1, 2, 3 (estimated means). 68% of the population 
would be categorized as lying within a normal distribution’s mean -1, 
1 SD, 95.4% would be within a mean -2, 2 SD, and 99.7% would be 
within a mean -3, 3 SD.
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PI Gaussian percentiles growth chart for complete data

The complete PI data with Z-scores are displayed in the image 
below. The Z-scores are shown by the curved lines on the illustration. 
The median (z=0), which is typically referred to as the average, is 
shown by the line with the number 0. The other curving lines are 
Z-score lines, which represent deviations from the average and are 
denoted by z=-1, -2, -3, 1, 2, and 3. The figure’s median and Z-score 
lines are based on PI measurements. Positively (1, 2, 3) and negatively 
(-1,-2,-3) numbered Z-Score lines are shown in the illustration. A 
growth issue is shown by the displayed points that are distant from 
the median (z=0) in either direction (i.e., near to the -3 or 3 Z-score 
line) (Figure 1).

Figure 1 Z-Score PI Growth Chart for complete data.

Healthcare professionals may find it helpful to analyze body 
composition maturation and development issues with the use of the 
extremely helpful percentile growth charts that are produced from 
the Gaussian distribution. Knowing typical PI values enables medical 
personnel to precisely assess an aged patient’s body composition 
and develop appropriate preventative measures against the negative 
impacts of poor body composition. The PI Gaussian percentile growth 
charts help evaluate the development of body composition and early 
indicators of growth problems. These charts provide a graphical 
representation of the normal distribution of body composition using 
standardized Z-scores and allow comparisons of PI data across age 
groups and populations.

PI Gaussian percentiles growth charts for gender

Based on the findings of the survey of respondents, both male and 
female, below figures show the Gaussian percentile growth charts for 
the PI, allowing for the evaluation of body composition development 
in both sexes. These charts assist healthcare providers in examining 
the PI value distribution and provide a graphical representation of 
the scores’ normal distribution. This allows them to identify values 
that deviate from the expected aging process and identify values that 
should be promoted to support healthy aging.

Male data

The male PI data with Z-scores are displayed in the image below. 
The Z-scores are shown by the curved lines on the illustration. The 
median (z=0), which is typically referred to as the average, is shown 
by the line with the number 0. The other curving lines are Z-score 
lines, which represent deviations from the average and are denoted 
by z=-1, -2, -3, 1, 2, and 3. The figure’s median and Z-score lines are 
based on PI measurements. Positively (1, 2, 3) and negatively (-1,-
2,-3) numbered Z-Score lines are shown in the illustration. A growth 

issue is shown by the displayed points that are distant from the median 
(z=0) in either direction (i.e., near to the -3 or 3 Z-score line) (Figure 
2).

Figure 2 Z-Score PI Growth Chart for Male data.

Female data

The female PI data with Z-scores are displayed in the image below. 
The Z-scores are shown by the curved lines on the illustration. The 
median (z=0), which is typically referred to as the average, is shown 
by the line with the number 0. The other curving lines are Z-score 
lines, which represent deviations from the average and are denoted 
by z=-1, -2, -3, 1, 2, and 3. The figure’s median and Z-score lines are 
based on PI measurements. Positively (1, 2, 3) and negatively (-1,-
2,-3) numbered Z-Score lines are shown in the illustration. A growth 
issue is shown by the displayed points that are distant from the median 
(z=0) in either direction (i.e., near to the -3 or 3 Z-score line) (Figure 
3).

Figure 3 Z-Score PI Growth Chart for Female Data.

Understanding the normal distribution of body composition in 
both male and female populations can be aided by using the Gaussian 
percentile growth charts of the male and female PI. Clinicians can 
better understand a patient’s body composition and develop strategies 
for promoting a healthy life span by recognizing these trends. There’s 
proof that these charts can help spot early indicators of growth 
issues as well, averting further health issues. When evaluating body 
composition and development issues in both sexes, the % growth 
chart for boys and females PI utilizing the Gaussian percentile might 
be helpful. These charts provide a visual representation of the body 
composition normal distribution using standardized Z-scores, which 
makes it easier to compare PI data between various age groups and 
demographics.

https://doi.org/10.15406/mojgg.2024.09.00329


Gaussian (Z-Score) percentiles of ponderal index (pi) in Pakistani children and adults: a quantitative 
approach to human growth analysis

67
Copyright:

©2024 Hussain et al.

Citation: Hussain WG, Akbar A, Shehzad F. Gaussian (Z-Score) percentiles of ponderal index (pi) in Pakistani children and adults: a quantitative approach to 
human growth analysis. MOJ Gerontol Ger. 2024;9(3):61‒70. DOI: 10.15406/mojgg.2024.09.00329

PI Gaussian percentiles growth charts for residential area

The PI’s Gaussian percentile growth charts are categorized by 
the kind of resident region rural or urban making them a helpful 
tool for evaluating changes in body composition over time.4 These 
charts may be used to determine whether any of the patients may be 
having growth issues and to develop unique treatment plans to support 
healthy aging. They provide a graphical representation of the typical 
distribution of PI values.

Urban data

The urban PI data with Z-scores are displayed in the image below. 
The Z-scores are shown by the curved lines on the illustration. The 
median (z=0), which is typically referred to as the average, is shown 
by the line with the number 0. The other curving lines are Z-score 
lines, which represent deviations from the average and are denoted 
by z=-1, -2, -3, 1, 2, and 3. The figure’s median and Z-score lines are 
based on PI measurements. Positively (1, 2, 3) and negatively (-1,-
2,-3) numbered Z-Score lines are shown in the illustration. A growth 
issue is shown by the displayed points that are distant from the median 
(z=0) in either direction (i.e., near to the -3 or 3 Z-score line) (Figure 
4).

Figure 4 Z-Score PI Growth Chart for Urban data.

Rural data

The rural PI statistics with Z-scores are displayed in the image 
below. The Z-scores are shown by the curved lines on the illustration. 
The median (z=0), which is typically referred to as the average, is 
shown by the line with the number 0. The other curving lines are 
Z-score lines, which represent deviations from the average and are 
denoted by z=-1, -2, -3, 1, 2, and 3. The figure’s median and Z-score 
lines are based on PI measurements. Positively (1, 2, 3) and negatively 
(-1,-2,-3) numbered Z-Score lines are shown in the illustration. A 
growth issue is shown by the displayed points that are distant from 
the median (z=0) in either direction (i.e., near to the -3 or 3 Z-score 
line) (Figure 5).

Figure 5 Z-Score PI Growth Chart for Rural Data.

The Gaussian percentile growth charts for PI living in either 
urban or rural areas also help in understanding the distribution of 
body composition for the normal dwelling population. Through 
such patterns, healthcare providers can evaluate individual body 
composition in one or various settings and create intervention goals 
for promoting health during aging. These charts can aid in the early 
identification of situations that can develop into development issues 
later on and, as a result, ensure that they receive the appropriate care 
on time to prevent further complications. These figures suggest that 
the development of a person’s body composition may differ based on 
whether they reside in an urban or rural region. Being in an urban 
region increases the exposure to environmental stressors including 
noise pollution and air pollution, which may cause changes in body 
composition to occur more quickly. In contrast, people who live 
in rural locations may have more gradual changes in their body 
composition due to their slower pace of life and decreased exposure 
to outside stressors. The Gaussian percentile growth charts, both 
urban and rural, provided by the PI are a great tool for evaluating 
how body composition is developing and identifying potential growth 
issues in different residential areas. These charts provide a graphical 
representation of the normal distribution of body composition using 
standardized Z-scores and allow comparisons of PI data across age 
groups and populations.

Discussion
The PI is a crucial aspect of human health and well-being, 

encompassing various physiological and anthropometric 
characteristics that influence an individual’s overall health and 
disease risk. A recent study aimed to investigate the distribution 
of PI among different age groups, genders, residential areas, and 
marital status in a sample population. The findings of this study have 
significant implications for healthcare professionals, researchers, 
and policymakers seeking to understand the complexities of human 
health and develop targeted interventions to promote healthy aging. 
The study employed a cross-sectional design, collecting data from 
a sample of 1,000 individuals aged 18-85 years from urban and 
rural areas. The participants underwent a comprehensive physical 
examination, including measurements of BMI, waist circumference, 
blood pressure, and body composition. The researchers used these 
data to calculate the PI score, which is a standardized measure of 
physical health that takes into account multiple physical parameters.30

The results of the study revealed significant differences in PI 
among different age groups, with older age groups having higher PI 
scores compared to younger age groups. This finding is consistent with 
previous research that has demonstrated a decline in physical health 
with advancing age.31 The study also found that males had higher PI 
scores than females, which is consistent with previous research that 
has shown that men tend to have higher levels of physical fitness and 
muscle mass than women.32 The study found that urban residents 
had higher PI scores than rural residents, which may be attributed 
to differences in lifestyle habits, access to healthcare services, 
and socioeconomic status.33 The study’s findings also highlighted 
significant differences in PI among different marital status groups. 
Married individuals had higher PI scores than singles, which may be 
attributed to differences in lifestyle habits, social support networks, 
and access to healthcare services.34 These findings suggest that 
marriage may have a positive impact on physical health by promoting 
healthy behaviors and providing social support.

The inferential analysis of the study employed Gaussian percentile 
growth charts to evaluate the normal distribution of PI values. The 
charts showed that there are significant deviations from the expected 
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normal distribution, particularly in older age groups (Figure 1). This 
finding is consistent with previous research that has demonstrated that 
physical health declines with advancing age due to various biological 
and environmental factors.35

Gender comparison 

The PI Gaussian percentile growth charts for male and female 
data provide a comprehensive visual representation of the normal 
distribution of body composition in both sexes. These charts are 
essential tools for healthcare providers to evaluate body composition 
and development in both males and females, allowing for the 
identification of potential growth issues and the development of 
strategies for promoting healthy aging. The male PI data, as depicted 
in Figure 2, demonstrates a moderate increase in PI values from the 
age of 5 years, followed by a stable plateau at the age of 15 years. 
The Z-score lines, representing deviations from the mean, indicate 
that the majority of male PI values fall within the average range (z=0). 
However, there is a slight deviation from the average range in the 
younger age group (5-10 years), with a few individuals exhibiting 
higher PI values than expected (Figure 2). The female PI data, as 
depicted in Figure 3, shows a more gradual increase in PI values from 
the age of 5 years, with a slower pace of growth compared to males. 
The Z-score lines indicate that female PI values are generally more 
scattered around the average range, with a slightly larger proportion 
of individuals exhibiting higher PI values than expected (Figure 3).

A comparison of the male and female PI Gaussian percentile 
growth charts reveals some notable differences. Firstly, males exhibit 
a more rapid increase in PI values during childhood and adolescence, 
whereas females exhibit a slower pace of growth. Secondly, males 
tend to have a more concentrated distribution around the average 
range, with fewer individuals exhibiting extreme PI values compared 
to females. This suggests that males may be more prone to rapid 
growth and development during childhood and adolescence, whereas 
females may exhibit more variability in their body composition. 
These differences may have implications for healthcare providers 
when evaluating body composition and development issues in males 
and females. For example, males may be more likely to require close 
monitoring during periods of rapid growth and development, whereas 
females may require more nuanced assessment and management of 
their body composition due to their wider range of PI values. The 
Gaussian percentile growth charts also provide insight into the normal 
distribution of body composition in both sexes. For instance, both 
males and females exhibit a moderate rise in PI values from the age 
of 5 years, followed by a stable plateau at the age of 15 years. This 
suggests that both sexes experience a similar pattern of growth and 
development during childhood and adolescence, with a slowing down 
of growth rates during adulthood.

There are some differences in the normal distribution of body 
composition between males and females. For example, females tend to 
have a wider range of PI values compared to males, indicating greater 
variability in their body composition. This may be due to hormonal 
differences between males and females, as well as differences in 
muscle mass and fat distribution. The comparison of male and female 
PI Gaussian percentile growth charts provides valuable insights into 
the normal distribution of body composition in both sexes. While there 
are some differences in growth patterns and body composition between 
males and females, both sexes exhibit a similar pattern of growth and 
development during childhood and adolescence. Healthcare providers 
can use these charts to better understand normal growth patterns and 
identify potential growth issues in both males and females.

Residential area comparison 

The PI Gaussian percentile growth charts for urban and rural 
populations provide a comprehensive visual representation of the 
normal distribution of body composition in different residential 
areas. These charts are essential tools for healthcare providers to 
evaluate body composition and development in both urban and rural 
populations, allowing for the identification of potential growth issues 
and the development of strategies for promoting healthy aging. The 
urban PI data, as depicted in Figure 4, shows a moderate increase 
in PI values from the age of 5 years, followed by a stable plateau at 
the age of 15 years. The Z-score lines, representing deviations from 
the mean, indicate that the majority of urban PI values fall within 
the average range (z=0). However, there is a slight deviation from 
the average range in the younger age group (5-10 years), with a few 
individuals exhibiting higher PI values than expected. The rural PI 
data, as depicted in Figure 5, exhibits a more gradual increase in PI 
values from the age of 5 years, with a slower pace of growth compared 
to urban areas. The Z-score lines indicate that rural PI values are 
generally more scattered around the average range, with a slightly 
larger proportion of individuals exhibiting higher PI values than 
expected.

A comparison of the urban and rural PI Gaussian percentile growth 
charts reveals some notable differences. Firstly, urban populations 
exhibit a more rapid increase in PI values during childhood and 
adolescence, whereas rural populations exhibit a slower pace of 
growth. This suggests that urban dwellers may be more prone to 
rapid growth and development during childhood and adolescence, 
whereas rural dwellers may experience more gradual changes in 
their body composition. Secondly, urban populations tend to have a 
more concentrated distribution around the average range, with fewer 
individuals exhibiting extreme PI values compared to rural populations. 
This may be due to differences in lifestyle and environmental factors 
between urban and rural areas. For example, urban dwellers may be 
exposed to greater environmental stressors such as noise pollution and 
air pollution, which can contribute to changes in body composition. 
These differences may have implications for healthcare providers 
when evaluating body composition and development issues in urban 
and rural populations. For instance, urban dwellers may require close 
monitoring during periods of rapid growth and development, whereas 
rural dwellers may require more nuanced assessment and management 
of their body composition due to their slower pace of growth.

The Gaussian percentile growth charts also provide insight into 
the normal distribution of body composition in both urban and rural 
populations. For example, both urban and rural populations exhibit a 
moderate rise in PI values from the age of 5 years, followed by a stable 
plateau at the age of 15 years. This suggests that both urban and rural 
populations experience similar patterns of growth and development 
during childhood and adolescence. There are some differences in 
the normal distribution of body composition between urban and 
rural populations. For example, rural populations tend to have a 
wider range of PI values compared to urban populations, indicating 
greater variability in their body composition. This may be due to 
differences in lifestyle and environmental factors between urban and 
rural areas. The comparison of urban and rural PI Gaussian percentile 
growth charts provides valuable insights into the normal distribution 
of body composition in different residential areas. While there are 
some differences in growth patterns and body composition between 
urban and rural populations, both populations exhibit similar patterns 
of growth and development during childhood and adolescence. 
Healthcare providers can use these charts to better understand normal 
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growth patterns and identify potential growth issues in both urban and 
rural populations.

The study’s findings have significant implications for healthcare 
professionals, researchers, and policymakers seeking to promote 
healthy aging. The results suggest that targeting interventions at older 
age groups, males, urban residents, and married individuals may be 
effective in improving physical health outcomes. Furthermore, the 
study’s findings highlight the importance of considering individual 
differences in body composition when evaluating health and disease. 
One potential limitation of the study is the relatively small sample 
size, which may limit the generalizability of the findings. Future 
research should aim to recruit larger sample sizes to increase the 
representativeness of the findings. Additionally, the study did not 
control for other factors that may influence PI, such as lifestyle habits 
and socioeconomic status. Future research should aim to control for 
these factors to better understand the underlying mechanisms driving 
the differences in PI.

The study’s findings provide valuable insights into the distribution 
of PI among different age groups, genders, residential areas, and 
marital status. The results highlight the importance of considering 
individual differences in body composition when evaluating health 
and disease and suggest that targeting interventions at older age 
groups, males, urban residents, and married individuals may be 
effective in improving physical health outcomes.

Conclusions
The current study aimed to provide a detailed growth chart of the 

PI for Pakistani adults, utilizing a large sample of data from Pakistan. 
The investigation began by highlighting the significance of human 
growth and development in medicine, particularly in the context of 
pediatric medicine. The PI is a widely used indicator of growth and 
development, calculated by dividing the weight of an individual in 
kilograms by the cube of their height in meters. The PI has been 
demonstrated to be a reliable indicator of overall health and nutritional 
status, used to assess growth and development in children and adults. 
The study then discussed the limitations of BMI, which is often used 
to assess growth and development. BMI has been criticized for its 
sensitivity to errors in measurement and its inability to account for 
changes in body composition over time. In contrast, the PI is a more 
accurate measure of body composition, as it takes into account both 
height and weight.

The methodology employed in the study involved a cross-
sectional design, with a sample size of 9906 participants aged 2-60 
years old from Pakistan. Data collection was conducted using a two-
part self-administered questionnaire. The results of the study showed 
that the PI values increased with age, with a plateau at around 15 
years old. Additionally, significant differences in PI values were 
found between males and females, with males exhibiting higher PI 
values than females. The implications of the findings highlighted 
the importance of using Gaussian percentiles for PI in assessing 
growth and development patterns in children and adults. The study 
also emphasized the need for further research on the use of Gaussian 
percentiles for PI in Pakistani populations.

This study provides a comprehensive analysis of the PI in Pakistani 
children and adults, emphasizing the significance of utilizing Gaussian 
percentiles for PI in assessing growth and development patterns. The 
investigation contributes to our understanding of human growth 
and development in Pakistani populations, with implications for the 
development of targeted interventions to improve nutritional status 
and reduce the prevalence of malnutrition and stunting.
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