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Background: The physical health of adolescents is crucial for the prosperity
and sustainable development of a nation. Developing specific growth standards
is essential for prioritizing the wellbeing of the youth of Pakistan. This study
aimed to establish normative standards for height, weight, and body mass index
(BMI) among 12- to 16-year-olds in South Punjab, facilitating accurate health
assessments and tailored interventions.

Method: This study utilized a cross-sectional design and stratified random
sampling to select 2,970 adolescents (49.73% boys and 50.26% girls) aged 12—
16 years from South Punjab, Pakistan. Anthropometric measurements, including
height, weight, and BMI, were collected. The data were stratified by age and
sex, and smoothed percentile curves were computed using the LMS method,
which incorporates the L (y-lambda), M (p-mu), and S (6-sigma) parameters. The
results were compared to international references to provide a comprehensive
analysis.

Results: The results highlight sex-specific trends in anthropometric
indicators among adolescents. Boys exhibited higher mean values in height
(160.50 + 11.50 cm), weight (45.02 +9.78kg), and BMI (17.30 + 2.41) than girls
(158.57+9.34cm, 41.00+7.89kg, and 16.29+2.82, respectively). Growth
patterns indicate boys grow faster in height and weight between ages 12 and
14, whereas girls show slower annual increases. Comparative analysis with
international standards reveals that boys' height and weight were generally
lower than international medians (P50th), whereas girls” height was comparable
or higher. BMI values for both sexes were lower than international norms,
reflecting unique regional growth patterns.

Conclusion: This research establishes updated age- and sex-specific normative
reference standards for adolescents in South Punjab, Pakistan. The study
revealed that Pakistani adolescent boys exhibit higher mean values in height,
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weight, and BMI than girls, with faster growth rates between ages 12 and 14.
Compared to international standards, Pakistani adolescents show lower BMI
values, highlighting unique regional growth patterns. These standards have
practical applications in screening, monitoring, and health strategy planning,
contributing to efforts to promote a healthier future for the population. Future
studies are recommended to utilize these local growth references for health
surveillance and treatment in the local population.

KEYWORDS

anthropometric growth, normative references standards, health evaluation, growth
and development, LMS method, growth charts, Pakistani adolescents

1 Background

Adolescence is a crucial phase for achieving physical and cognitive
potential, requiring adolescents to experience healthy growth and
development (1). Ensuring healthy growth involves providing support
across essential domains, including physical, cognitive, and emotional
areas, which are critical from birth through to adulthood (2). A
comprehensive approach significantly shapes the overall wellbeing of
young individuals as adolescence is a key indicator of future health (3).
Growth monitoring is an essential component of global health services
for children and adolescents, involving regular assessments of height,
weight, body mass index (BMI), and other anthropometric indicators
(4). This practice helps healthcare providers identify deviations in
growth patterns using established growth references for effective
tracking. Additionally, growth monitoring serves as an indirect
method for evaluating the current health and nutritional status of
communities, aiding in formulating strategies for future health
improvements (5). In pediatric health, the lack of a universally
accepted standard for assessing the growth and health status of
children and adolescents leads to inconsistencies. The three recognized
standards for assessing the growth and health status of children and
adolescents, the CDC, IOTE and WHO differ in their categorization
within weight categories, leading to variations in reported prevalence
rates across studies (6).

In Pakistan, adolescent growth monitoring primarily uses
anthropometric data from the WHO and CDC. However, variations
in the Human Development Index (HDI) across developed,
developing, and underdeveloped countries suggest that generalized
growth charts may not be appropriate for all regions (7, 8). Studies
have demonstrated significant differences between locally developed
reference values and those of the CDC and WHO, indicating the need
for population-specific growth curves (7, 9-12). Children’s and
adolescents’ growth patterns change over time due to various
ecological, environmental, and genetic factors, making it important
for each country and region to use population-specific growth
references and regularly update these standards (11, 13). In Pakistan,
there is an urgent need to develop updated growth reference standards
for children and adolescents due to rising childhood obesity and the
lack of national epidemiologic data, particularly in South Punjab
province (13-15). Currently, Pakistan relies on the outdated National
Center for Health Statistics reference from 1977 for child growth
monitoring and lacks a national growth reference standard for
adolescents (16).
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Despite the utility of WHO and CDC references for international
comparisons, localized standards are needed to enhance the
understanding of growth and nutritional abnormalities, particularly
in Punjab, Pakistan (13). Existing studies on the growth of children
and adolescents in Pakistan have relied on WHO and CDC references,
yet no validated national or regional growth standards for Pakistani
adolescents have been established (9-11). The generalizability of these
studies is limited due to small sample sizes and lack of validation (9,
10, 17). Khadilkar notes that global growth references, such as WHO
and CDC, may inaccurately diagnose growth patterns in developing
countries because they are based on global averages (18). Therefore,
developing and establishing local age- and sex-specific anthropometric
growth reference standards for Pakistani adolescents through the LMS
method is a vital step toward understanding regional growth patterns
and improving the health of this population (13). These percentiles,
specifically intended to serve the South Punjab population, are not
meant to be universal standards due to regional variations in
socioeconomic, cultural, genetic, dietary, and health status (19-21).
Comparing these local standards with international ones, such as
WHO charts, will provide better insights into regional growth trends.

This pioneering study aimed to develop and validate normative
reference values and growth charts for schoolgoing adolescents aged
12-16years in South Punjab Province, Pakistan, focusing on height,
weight, and BMI. The objectives were to (1) establish the percentile
distribution of adolescents by age and sex and (2) compare these
percentiles with international reference studies. Understanding
adolescent growth in this region provides significant insights into their
living conditions and aids in developing national growth references
for Pakistani adolescents. Reliable growth data for adolescents in
South Punjab Province will facilitate early detection of growth
abnormalities and enable timely interventions, ultimately promoting
optimal growth and development.

2 Methods
2.1 Study design

This cross-sectional study was conducted in the South Punjab
Province during the 2019 academic year, using a stratified random
sampling technique. This study was conducted as part of the Young
Teen’s Assessment Active Lifestyle Involvement—PAKistan Study
(YAALI-PAK) (22), which investigates the lifestyle habits and health
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outcomes of Pakistani adolescents (23). South Punjab was chosen for
its diverse demographic and socioeconomic characteristics. The
province was divided into three strata: Multan, Bahawalpur, and
D.G. Khan. Stratified random sampling with equal allocation ensured
proportional representation (24). Out of 360 high schools, 20 were
randomly selected from each stratum, totaling 60 schools (16.67% of
the total). Within each selected school, 50 students were randomly
chosen, ensuring equal opportunity and maintaining representativeness.

2.1.1 Sample size
The sample size was determined using the commonly employed

(2)* PO

equation: = X D (15, 25). In this equation, P is the
e

proportion of the target population estimated to have a particular

characteristic (0.4 or 40%), and Q is 1-P, calculated as 0.6. The Z is

1.96, reflecting a 95% confidence level, e is the level of precision (0.05),

and D is the design effect, assumed to be 1.

Using the sample size calculator with the assumption that 40% of
the target population is enrolled in high school, the initial calculation
suggested a smaller sample size. However, to enhance the
generalizability and reliability of the findings, the sample size was
increased to 3,000 adolescents aged 12-16. Utilizing the equal
allocation method this sample was equally divided between boys
(50%) and girls (50%) to meet the research objectives (15, 22). After
accounting for non-responsive or incomplete responses, the final
sample included 2,970 participants aged 12-16 years. Targeting the
12-16 age range captures characteristics of both early adolescence and
late adolescence, thus effectively representing the broader adolescent
population despite the narrower age range. This approach provides a
balanced view of adolescent development.

A larger sample size generally establishes normative standards
more effectively and yields more accurate and reliable results. The
inclusivity of the larger sample ensures that the findings accurately
reflect the broader adolescent population. Additionally, the power of
sample size exceeded 80%, ensuring a high level of precision at a 5%
significance level (23, 26). A statistical power of 80% is commonly
considered adequate for most studies, ensuring a high probability of
identifying true effects.

Sample size calculators and formulas typically provide sample sizes
for achieving a 5% level of significance and a 95% confidence level. In
this study, the sample size was more than sufficient, as the
recommended sample sizes for these criteria are lower than the actual
sample size used. This means the design of the study meets and exceeds
standard statistical criteria, reinforcing the reliability and validity of the
findings. The sample size of the study of 3,000 respondents ensures
reliable and statistically valid results, with high power and low risk of
type I error, providing a high level of precision in the findings.

2.1.2 Inclusion and exclusion criteria

Participants were selected based on stringent criteria to ensure the
credibility and applicability of the findings to the intended population.
Eligible individuals had no disabilities, severe abnormalities, or
clinical pathologies. This eligibility was confirmed through schools’
medical records and physical examinations. Individuals with
pre-existing medical conditions, physical or cognitive disabilities, or
those who sustained recent injuries were excluded. These measures
maintained the integrity of the study.
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2.2 Procedures

Before commencing data collection, we obtained necessary
approvals and consents from school principals and parents, adhering
to ethical standards for research involving minors. To ensure privacy,
we implemented strict measures, including a prohibition on
photography and sex-specific restrictions for research assistants in
schools. We assembled a team of 12 research assistants from the
Department of Sports Sciences at Bahauddin Zakariya University, who
underwent comprehensive training in a workshop. This training
focused on measurement techniques and protocols to ensure accuracy
and consistency in data collection, in accordance with a protocol
developed by the National Youth Fitness Survey (NYES) by the
Centers for Disease Control and Prevention, as detailed in an earlier
study (27).

Data collection was conducted during the 2019 academic year in
schools across the South Punjab Region, Pakistan. The schedule was
carefully planned to coincide with the schools’ academic calendars
and minimize disruption. Preparations for each school visit included
confirming class availability and communicating testing requirements
2 days prior to the visits. On the designated collection day, students
were randomly selected for participation. The data collection involved
measurements of height and weight and the calculation of
BMI. Demographic details such as school, class, sex, and date of birth
were also gathered from school records. The assessment of
anthropometrics and BMI was completed efficiently within one
working day.

2.2.1 Measures

Demographic data, including age and sex, were collected through
self-reports by students or obtained from school records. Participants
were measured barefoot, with their heads and shoulders aligned
perpendicular to the scale. To ensure accuracy, all participants
removed any accessories and shoes before measurements.

2.2.1.1 Height measurement

Height was measured in centimeters (cm) as a standard indicator
of growth and development in adolescents. Combined with weight, it
effectively evaluates the BMI status of students. The measurement was
conducted using a height-weight scale (DT-150 Height And Weight
Scales, Shanghai, China) with the metrical rod of this scale used to
measure height. The subjects stood barefoot, back against the wall, on
a flat surface, maintaining a straight posture with arms relaxed at their
sides and heels together, toes slightly apart at a 60-degree angle.
Measurements were recorded to the nearest 0.1 cm for precision.

2.2.1.2 Weight measurement

Weight was measured in kilograms (kg). Combined with height,
it effectively evaluates the students’ BMI status. Weight was measured
using the same height-weight scale (DT-150 Height And Weight
Scales, Shanghai, China). Before testing, the sensitivity of the scale was
checked by adding an extra 100 g weight, confirming the sensitivity of
the instrument with a corresponding increase of 0.1 kg on the display.
Accuracy was verified using standard weights of 10kg, 20kg, and
30kg, with inspection errors not exceeding 0.1kg. During the test,
male and female subjects stood barefoot on the scale, maintaining
body balance. Readings were recorded to one decimal place
in kilograms.
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2.2.1.3 Body mass index

BMI is calculated by dividing weight in kilograms by the
square of height in meters. It is a commonly used international
standard to measure obesity and health, primarily for statistical
purposes (15). BMI provides a neutral and reliable indicator for
comparing and analyzing the health effects of weight among
individuals of different heights (28).

BMI = weight (kg) / height (m)2

2.3 Statistical analysis

In this study, we employed the LMS technique to
develop age- and sex-specific height, weight, and BMI percentiles
based on our data, using RStudio version 4.1.3. The LMS method,
incorporating the parameters L (A, skewness), M (y, median),
and S (o, coefficient of variation), is widely employed for
developing growth percentiles globally (29, 30). The generated
references for height, weight, and BMI were cross-validated
using a back-generation test. Descriptive statistical analysis
was conducted using SPSS version 21.0, including the calculation
of percentages, frequencies, mean values, and standard
deviations. Statistical significance was determined at the 5% level
(p<0.05).

2.3.1 Back generation test

To validate the normative reference standards developed
using the LMS method, the study employed a back-generation test
for cross-validation, ensuring its scientific credibility (22). This
involved comparing the 50th percentile (P50) values from
randomly extracted datasets, confirming the accuracy of the
method across various age groups and sexes with mean absolute
error rates within acceptable limits. Additionally, the study
evaluated forecasting accuracy using the mean absolute
percentage error (MAPE), a measure introduced by Lewis in
1982, to assess forecast precision. MAPE classifies forecasting
accuracy as follows: below 10% as “Highly accurate,” 10-20% as
“Good,” 20-50% as “Reasonable,” and above 50% as “Inaccurate”
(31). This dual approach enhances methodological rigor,
ensuring precise forecasting and robust establishment of
normative standards.

2.3.2 Ethical approval

Ethical approval for this study was obtained from the School
of Exercise and Health at Shanghai University of Sport (Approval
number: 1716516032) in September 2018 and by the Ethics
Advisory Committee of Bahauddin Zakariya University, Multan
(Reference: 374/UREC/2018). To ensure adherence to ethical
standards and protect participants, written consent was obtained
from parents. In cases where parental consent was unavailable,
approval was secured from the school principals, who were
responsible for the students. This process ensured compliance
with both institutional guidelines and the principles outlined in
the Declaration of Helsinki, thereby safeguarding participant
rights and welfare and maintaining the highest ethical standards
throughout the study.
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TABLE 1 Demographic analysis as per age and sex.

Age groups Boys Girls Total
(years)

12N (%) 291 (19.70) 299 (20.24) 590 (19.90)
13N (%) 295 (19.97) 298 (20.17) 593 (20.00)
14N (%) 298 (20.17) 296 (20.04) 594 (20.00)
15N (%) 298 (20.17) 300 (20.31) 598 (20.10)
16N (%) 295 (19.70) 300 (20.31) 595 (20.00)
Total N (%) 1,477 (100) 1,493 (100) 2,970 (100)

3 Results

In this study, we analyzed a sample of 2,970 adolescents, aged
12-16years, from South Punjab Province, Pakistan, comprising 49.7%
boys and 50.3% girls. We stratified the sample by age and sex. The
sample was equally distributed across all age groups (12-16years),
assigning 20% of the population to each age group (see Table 1).

The results of the comparison of sex-specific anthropometric
indicators are presented in Table 2. The mean height of the male
participants was 160.50+11.50cm, while that of the female
participants was 158.57+9.34cm. The mean weight of the male
participants was 45.02+9.78kg, and the mean weight of the female
participants was 41.00+7.89kg. The mean BMI of the male
participants was 17.30+2.41, while the mean BMI of the female
participants was 16.29 +2.82. The table demonstrates that, on average,
male participants had higher anthropometric characteristics than
female participants.

3.1 Back-substitution test

The back-substitution test was employed to evaluate the cross-
validation of normative standards for anthropometric indicators. This
study involved randomly extracting a small dataset to compare P50
values of the large (actual values) and small (fitted values) datasets,
using the LMS method to establish the normative standard. By
assessing the degree of coincidence between datasets generated
through random sampling, we ensured the validity and applicability
of the normative standards.

Table 3 presents the results of the back-substitution test for height,
weight, and BMI, stratified by age and sex. The mean absolute
percentage error difference between actual and fitted values was
within an acceptable range for both boys and girls. For boys, the actual
and fitted values for height were nearly identical across all ages
(12-16years), with MAPE values very close to zero, indicating an
excellent fit. Similarly, for girls, the actual and fitted height values
closely matched, with MAPE values of 0.00, indicating a perfect fit.

For boys, actual and fitted weight values also showed a high degree
of accuracy, with MAPE values ranging from 0.00 to 0.01, suggesting
minimal error. Girls exhibited slightly higher MAPE values for weight,
ranging from 0.00 to 0.04, with an average MAPE of 0.028, indicating
a small but slightly higher prediction error than boys. Boys actual and
fitted BMI values were very close, with MAPE values ranging from
0.00 to 0.04 and an overall average MAPE of 0.014, reflecting very low
prediction errors. Similarly, the BMI values of girls closely matched
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TABLE 2 Sex-specific anthropometric characteristics.
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Component Total (n=2,970) Boys (n =1,477) Girls (n=1,493) p-value
Height (cm) 159.53+10.51 160.50+11.50 158.57+9.34 <0.001
Weight (kg) 43.00+9.10 45.02+9.78 41.00+7.89 <0.001
BMI (kg/m?) 16.80+2.67 17.30+2.41 16.29+2.82 <0.001

The data are presented as mean and standard deviation. BMI (kg/m?): Body mass index.

TABLE 3 Back-substitution test of height, weight, and BMI stratified by age and sex.

Male Female
Actual value  Fitted value MAPE Actual value  Fitted value
12 149.72 150.00 0.00 152.16 152.00 0.00
13 158.62 159.50 —0.01 157.87 159.00 —0.01
14 164.74 165.00 0.00 161.68 162.00 0.00
Height (cm)
15 166.11 165.00 0.01 162.38 162.00 0.00
16 167.79 168.00 0.00 162.65 162.00 0.00
Average —0.001 0.000
12 37.38 35.90 0.04 35.70 33.85 0.05
13 41.79 41.50 0.01 37.73 36.00 0.05
14 45.28 45.23 0.00 40.93 41.00 0.00
Weight (kg)
15 47.58 47.00 0.01 44.02 43.00 0.02
16 49.68 49.00 0.01 44.12 43.50 0.01
Average 0.015 0.028
12 16.59 16.45 0.01 15.26 14.67 0.04
13 16.81 16.54 0.02 15.71 15.82 —0.01
BMI 14 17.03 17.19 —0.01 15.73 15.60 0.01
15 17.26 16.70 0.03 16.74 16.36 0.02
16 17.48 17.15 0.02 16.81 16.52 0.02
Average 0.014 0.016

MAPE, mean absolute percentage error.

the actual and fitted values, with MAPE values ranging from 0.00 to
0.03 and an average MAPE of 0.016, indicating low prediction errors
comparable to boys.

The results indicate that the fitted models for height, weight, and
BMI were highly accurate for both boys and girls across ages 12 to
16years. The low MAPE values across all categories suggest that the
predictive models used for back-substitution were reliable and precise,
with height predictions showing almost no error and slightly higher
but still minimal errors for weight and BMI predictions. The overall
average MAPE values were 0.014 for boys and 0.016 for girls,
indicating excellent predictive performance of the models. The back-
substitution approach ensured that the established normative standard
was based on sound scientific principles.

3.2 Normative reference standard

Percentile values and height curves by age and sex for boys and
girls, calculated using the LMS technique, are presented in Table 4
and Figures 1A,B. Across the sampled age range, the median (P50th)
height values for boys were between 149.72cm and 167.79 cm,
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whereas for girls, they ranged from 152 cm to 166.5 cm. Between the
ages of 12 and 16 years, the median growth in height for boys was
18.07 cm, compared to 10.49cm for girls. Additionally, height
ranges and annual growth trends for boys and girls were analyzed.
Boys exhibited an average annual height growth of 6-9 cm between
the ages of 12 and 14 years. In contrast, girls showed an average
annual height increase of 4.5-5 cm during the same period. From
ages 14 to 16 years, both boys and girls grew approximately 1-2 cm
per year. Overall, boys’ height percentiles were generally higher than
girls, except at the age of 12years, where girls’ percentiles
were higher.

Regarding weight, Table 4 and Figures 1C,D display the centile
values and curves for both sexes. Boys’ median (P50th) weight values
ranged from 37.38kg to 49.68kg, whereas girls ranged from 35.70kg
to 44.12kg. The total median weight gain between ages 12 and 16 was
12.3kg for boys and 8.42kg for girls. The annual weight gain trends
showed that boys and girls experienced a yearly increase of
approximately 1-4 kg and 2-3 kg, respectively, between the ages of 12
and 14years. From 14 to 16years, both boys and girls had a similar
annual increase of approximately 1-2kg. Overall, boys’ weight
percentiles were higher than girls’ centiles.
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TABLE 4 Height (cm), weight (kg) percentile by age and sex in adolescents aged 12—-16 years.

Percentile L ) M P3 P10 P35 P50 P65 P90
Boys

12 3.020 0.069 149.72 126.98 135.08 145.63 149.72 153.60 161.93

13 5.231 0.062 158.62 132.49 143.13 154.63 158.62 162.23 169.52

14 6.000 0.055 164.74 140.16 150.31 161.05 164.74 168.06 174.72

15 5.021 0.049 166.11 146.77 154.04 162.85 166.11 169.13 175.43

16 4.931 0.042 167.79 151.81 157.61 164.99 167.79 170.42 176.00

Height (cm)

Girls

12 5.344 0.060 152.16 128.00 137.81 148.45 152.16 155.51 162.29

13 4.770 0.055 157.87 136.89 144.87 154.39 157.87 161.09 167.76

14 4.924 0.045 161.68 144.91 151.07 158.78 161.68 164.39 170.10

15 4.759 0.043 162.38 146.62 152.32 159.60 162.38 164.99 170.53

16 4.179 0.045 162.65 146.52 152.26 159.75 162.65 165.39 171.28
Boys

12 0.531 0.246 37.38 21.98 26.47 33.92 37.38 41.00 50.03

13 0.368 0.214 41.79 27.03 31.29 38.44 41.79 45.32 54.27

14 0.205 0.179 45.28 31.94 35.80 42.24 45.28 48.49 56.66

15 0.042 0.165 47.58 34.81 38.47 44.65 47.58 50.70 58.73

Weight (kg) 16 —0.122 0.167 49.68 36.50 40.22 46.60 49.68 52.99 61.72
Girls

12 0.301 0.226 35.70 22.65 26.36 32.69 35.70 38.90 47.13

13 0.158 0.180 37.73 26.64 29.83 35.19 37.73 40.42 47.33

14 0.062 0.179 40.93 29.13 32.48 38.20 40.93 43.84 51.40

15 0.202 0.165 44.02 31.95 35.46 41.29 44.02 46.29 51.53

16 0.515 0.126 44.12 34.27 37.27 42.00 44.12 46.89 54.15

Ages shown represent age at last birthday (e.g., Age 12=12.0-12.9, 13=13.0-13.9).

The percentile values and curve for BMI for both sexes are shown
in Table 5 and Figures 1E,E The analysis reveals that both boys and
girls experienced a steady increase in BMI over these years, with
notable differences between the sexes.

For boys, the median BMI (P50th) ranges from 16.59 at the age of
12years to 17.48 at the age of 16years, indicating an overall increase
of 0.89 units. Similarly, girls show an increase in median BMI from
15.71 to 16.81 over the same age span, with a total rise of 1.1 units. This
consistent upward trend in BMI is reflected in an approximate annual
increase of 1 unit for both sexes.

Examining the BMI percentiles, boys generally have higher values
than girls. For example, at the age of 12 years, the 5th percentile for
boys is 14.06 and the 95th percentile is 21.34, whereas for girls, the
corresponding values are 13.35 and 20.33. This pattern continues
across all ages, with boys consistently exhibiting higher BMI
percentiles. At age 16, boys’ BMI percentiles range from 15.37 (5th
percentile) to 23.80 (95th percentile), whereas for girls, they range
from 14.51 to 23.21.

Overall, the data indicate that as children in this South Punjab
cohort grow from ages 12 to 16 years, both boys and girls experience
a steady increase in BMI. However, male participants consistently
display higher BMI percentile values than female participants,
suggesting sex-based differences in body mass development during
adolescence. This analysis underscores the importance of monitoring
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BMI trends to understand growth patterns and potential health
implications in this population.

Table 6 and Figures 2A,B show the (P50™) centile values of height
for both sexes in comparison with other research evidence from the
WHO (32), US-CDC (33), India (34), Turkish (35), and China (36).
The height centiles of the current study for 12-14-year-old boys were
greater than WHO and India, while the rest of the age group is lower,
similar to others. The percentiles of the current study were similar to
international research between 13 and 14 years, except for the US-CDC
2012 (33). For girls, our data showed that the height of P50™ centiles
from 12 to 16 years was higher than all the studied studies except the
US-CDC study, where 12- to 14-year-old adolescent girls were taller.
Comparing our findings with international research for 13-16-year-
olds, the least difference was 1 cm, and the greatest was 8 cm.

Table 6 and Figures 2C,D show the (P50th) weight comparison for
both sexes with other research evidence US-CDC (33), India (34),
Turkish (35), and China (36). The median (P 50th) weight centiles for
boys and girls aged 12 to 16years in this study are lower than the
United States, India, Turkey, and China. This comparison also reveals
that our results differ significantly from those of all the studies
included in this comparison.

Table 6 and Figures 2EF illustrate the 50th percentile BMI
comparisons for both sexes with international research data. Boys
and girls aged 12 to 16 years in this study exhibit the lowest BMI
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values among all the compared studies from WHO (32), US-CDC
(33), India (34), Turkish (35), and Chinese (36). The BMI ranges for
Pakistani adolescents show notable differences when contrasted with
those from other countries, highlighting distinct growth patterns and
potentially different nutritional statuses.
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The data from Table 6 and Figures 2A-F highlight significant
differences in height, weight, and BMI among adolescents aged
12-16years in the current study compared to those in international
studies. While the height values for boys aged 12-14years are
higher than in some studies, they are generally lower for older
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TABLE 5 BMI percentile by age and sex in adolescents aged 12—-16 years from South Punjab.

10.3389/fpubh.2024.1417284

Age L S M P5 P15 P50 P85 P90 P95
Boys
12 0.203 0.141 16.59 13.08 14.32 16.59 19.14 19.81 20.81
13 —-0.318 0.131 16.81 13.65 14.73 16.81 19.30 19.98 21.01
14 —0.838 0.125 17.03 14.09 15.07 17.03 19.52 20.23 21.34
15 —1.358 0.124 17.26 14.42 15.34 17.26 19.86 20.64 21.92
16 —-1.879 0.125 17.48 14.69 15.58 17.48 20.26 21.15 22.67
BMI
Girls
12 0.283 0.202 15.26 11.08 12.68 15.26 18.27 19.11 20.33
13 —-0.173 0.172 15.71 11.58 12.82 15.71 18.85 19.52 20.40
14 —0.495 0.168 15.73 12.14 13.32 15.73 18.97 19.75 21.17
15 —-0.234 0.159 16.74 12.99 14.25 16.74 19.23 20.17 21.58
16 0.382 0.120 16.81 13.69 14.81 16.81 19.78 20.63 21.93

ages. Height centiles of girls are consistently higher, except when
compared to the US-CDC study. Both weights and BMI values of
boys and girls are significantly lower than those reported by the
US-CDC, India, Turkish, and Chinese studies. These findings
underscore the importance of region-specific growth standards to
accurately reflect the physical development and nutritional status
of adolescents.

4 Discussion

Adolescence is a critical developmental phase marked by
significant physical changes, and monitoring these changes is essential
for predicting future health outcomes. Anthropometric assessments
are prioritized in pediatric research to enhance understanding and
prediction of adolescents’ health (37, 38). Literature highlights that the
South Punjabi adolescent population lacked specific growth and
normative standards (12, 39). Addressing this gap, this pioneering
study employed the LMS method to establish localized normative
standards and growth curves, which we subsequently compared with
the globally recognized 50th percentile norms.

The LMS method is pivotal in this research, providing a robust
statistical approach to construct smoothed percentile curves by
estimating the L (skewness), M (median), and S (coefficient of
variation) parameters (11). This method is widely regarded as superior
for creating accurate growth charts due to its flexibility in modeling
data that adhere to normal distribution after a Box-Cox power
transformation (40). Literature supports the use of the LMS method
for developing growth charts due to its ability to accommodate the
age-specific skewness of anthropometric data, thus offering a more
precise reflection of biological growth patterns (41).

This study aligns with previous findings, yet it notably highlights
significant disparities in body weight, height, and BMI among
different age and sex groups within the examined population (34, 35).
This suggests that international references may not be universally
applicable and necessitates the adoption of region-specific growth
standards (42). Such discrepancies necessitate the adoption of region-
specific growth standards to better address local public health needs
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that could help normalize the prevalence of underweight, overweight,
and obesity.

4.1 Height

Height data from our study demonstrate a consistent growth
pattern in both sexes until age 16, with notable deviations in growth
trajectories compared to international norms from the WHO and
CDC, among others (7, 43, 44). In particular, the growth trajectories
for boys were more pronounced than girls during this period, which
is consistent with existing literature (43, 44), including studies by
WHO (32) and from regions like the US-CDC (33), India (34),
Turkish (35), and China (36). However, a significant discrepancy was
observed as girls from South Punjab at the age of 15years recorded
higher height measurements than these international reference
standards from WHO (32), US-CDC (33), India (34), Turkish (35),
and China (36). This is a significant discrepancy as it suggests that
regional genetic, nutritional, or environmental factors may influence
growth patterns differently in South Punjab compared to other regions.

The average heights recorded were 160.50 + 11.50 cm for boys and
158.57+9.34cm for girls. The annual growth rates varied, with a
sharper increase observed between ages 12 and 14 years and a more
gradual growth from 14 to 16years. Our results further revealed that
boys generally exhibited higher growth centiles, except at the age of
12years where girls surpassed boys. Height growth trends, as
illustrated in our growth curves, showed consistent increases with age.
However, when compared to the 50th percentile values from the
USA-CDC (33), WHO (32), Chinese (36), and Turkish (35) studies,
adolescents from South Punjab were found to be consistently shorter,
ranging from 1 to 8cm below than above-mentioned studies
standards. This discrepancy highlights the importance of developing
region-specific growth standards. The implications are significant for
public health policies, as adopting international standards may not
accurately reflect the growth patterns of South Punjab adolescents,
potentially leading to misclassification of underweight, overweight,
and obesity cases. Region-specific growth charts are crucial for
accurate assessment and intervention.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1417284
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Long et al.

10.3389/fpubh.2024.1417284

TABLE 6 Height, weight, and BMI comparison of P50th between present studies and other published studies.

Age (years) @ Present study WHO US-CDC India (2011) Turkish Chinese
(2006) (2012) (2015) (2013)
Boys
12 149.7 149.1 153.4 150.2 150.6 151.9
13 158.6 156.0 164.5 156.1 157.7 159.5
14 164.7 163.2 169.5 161.5 164.9 165.9
15 166.1 169.0 173.7 165.9 170.3 169.8
16 167.8 172.9 175.4 169.3 173.4 171.6
Height (cm)
Girls
12 152.2 151.2 156.7 149.8 153.1 152.4
13 157.9 156.4 159.5 153.3 157.8 156.3
14 161.7 159.8 161.9 155.6 160.4 158.6
15 162.4 161.7 161.7 156.9 161.7 159.8
16 162.7 162.5 161.4 157.7 162.4 160.1
Boys
12 37.4 - 492 410 443 45
13 41.8 - 56.6 45.5 49.8 48.1
14 453 - 60.4 50.1 56.2 53.4
15 47.6 - 66.0 54.4 62.1 57.9
16 49.7 - 70.7 58.5 66.2 59.4
Weight (kg)
Girls
12 357 - 51.4 41.9 45.1 40.8
13 37.7 - 523 455 50.0 44.8
14 40.9 - 59.0 48.4 533 47.8
15 44.0 - 59.5 50.8 55.3 49.8
16 44.1 - 58.7 52.6 56.3 50.8
Boys
12 16.6 17.5 19.9 18.1 19.3 18.1
13 16.8 182 20.4 18.6 19.9 18.7
14 17.0 19.0 21.0 19.2 205 19.2
15 17.3 19.8 215 19.8 212 19.7
16 17.5 205 22.7 203 21.9 20.1
BMI
Girls
12 15.3 18.0 20.6 18.7 19.0 17.5
13 15.7 18.8 20.9 19.4 19.9 182
14 15.7 19.6 22.4 20.0 20.6 18.8
15 16.7 20.2 22.1 20.6 21.0 19.3
16 16.8 20.7 22.1 21.1 21.2 19.7
4.2 Welght dietary, or lifestyle factors influencing adolescent growth patterns

Our study identified a significant increase in body weight
from ages 12 to 16years, aligning with findings from other
international research, including studies from the US-CDC (33),
India (34), Turkish (35), and China (36, 43). However, a critical
discrepancy emerges as our study recorded the lowest average
weight levels than these countries, with all groups peaking by age
16. This difference underscores potential variations in genetic,
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across different regions. The data indicate that both boys’ and
girls’ weights progressively increase with age, and the annual
weight increase observed was 1-4 kg for boys and 2-3 kg for girls
aged 12-14years, and 1-2 kg for both sexes from 14 to 16 years,
these increments are consistent with existing literature (7, 43—
45). However, our findings also suggest a lower rate of increase
than the cohorts in the aforementioned countries, particularly
during the critical growth phase of 14 to 16 years. This slower
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growth rate may reflect underlying socioeconomic, nutritional,
or health-related issues that could be wunique to the

population studied.
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Additionally, our study’s centile values, especially for boys, were

consistently higher than those for girls, aligning with general
physiological trends observed globally. However, the growth
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trajectories illustrated in Figures 1C,D for both sexes show that the
increasing trend in weight with age is less pronounced in our study
population compared to international peers from USA-CDC (33);
India (34), Turkish (35), and Chinese (36). This could indicate a need
for targeted health interventions to address potential deficiencies or
public health strategies to better align adolescent growth with global
standards. Our comparison in Table 6 and Figures 2C,D further
clarifies that while our centile values deviate from those reported in
other studies (Table 6), except for the US-CDC (33), these variations
call for a deeper examination into the factors contributing to lower
weight outcomes in our demographic. Understanding these
discrepancies is crucial for implementing effective public health
policies and nutritional tailored to

programs specific

community needs.

4.3 BMI trends and comparisons

The P50th percentile BMI values in our study were different and
lower than the referenced studies, indicating potential regional
differences in growth patterns. Specifically, both boys and girls in our
cohort exhibited significantly lower BMI values at ages 15 and
16 years, with maxima of 18.06 kg/m* and 17.06 kg/m? respectively,
than similar age groups in studies from the WHO (46), US-CDC
(33), India (34), Turkey (35), and China (36). For instance, the
average BMI for boys and girls in our study was 17.30+2.41 kg/m’
and 16.29 +2.82kg/m?, respectively (Table 2), which are considerably
below the 50th percentile values reported in these international
studies. This suggests a regional variation in adolescent BMI,
potentially influenced by local dietary, genetic, and environmental
factors. Boys and girls aged 14-16years showed an annual BMI
increase of approximately 1kg/m’. Generally, Table 5 shows higher
centile values for boys than girls. Figures 1E,F illustrates BMI curves
indicating an increasing trend with age. The 12-16-year-olds in our
study had the lowest BMI values among all the international studies,
including WHO (32), US-CDC (33), India (34), Turkish (35), and
Chinese (36).

Our results were comparable to most studies in Table 6, except
for the US-CDC (33). Comparing P50th values of adolescents’ BMI
with WHO, CDC, and others revealed lower P50th values in our
study (Table 6, Figures 2E,F). This finding implies that the standard
growth charts used globally may not be fully applicable to the
adolescent population of South Punjab. Other epidemiological
studies in Saudi Arabia, Turkey, Italy, and India also reported lower
norm values than Iran (47), Italy (48), Turkish (35, 49), and India
(50). This suggests a need for region-specific growth references.
dietary habits,
socioeconomic factors, and genetic differences might influence BMI

These discrepancies suggest that regional
variations. Lower BMI values in our sample might reflect nutritional
deficiencies or different lifestyle patterns compared to the other
countries studied. Further investigation is needed to understand
these differences and to develop targeted nutritional and
health interventions.

The observed variations in the 50th percentile values for height,
weight, and BMI across sexes are consistent with findings from other
global studies including the WHO (32), US-CDC (33), India (34),
Turkish (35), and China (36). These variations may be attributed to the
geographical representativeness of samples in each study. The WHO
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study by de Onis et al. (32) also faced issues with appropriate sample
sizes (7, 32). Consistent with earlier studies by the WHO (32),
US-CDC (33), India (34), Turkey (35), and China (36), height, weight,
and BMI significantly increased with age. In this research, the
maximum BMI was observed at the age of 16years across all studies.
Despite similarities, the US (33) and Turkish (35) populations showed
significantly higher BMI values for several age groups between 12 and
16years.

Although a significant difference has been found in height, weight,
and BMI reference values of South Punjab, Province adolescents with
others WHO (32), US-CDC (33), India (34), Turkish (35), and China
(36). There is a significant difference in height, weight, and BMI
reference values of South Punjab Province adolescents compared to
other regions. Applying growth standards from other nations can lead
to inaccuracies when children’s growth falls outside the specified
percentiles (51). These findings underscore the importance of
localized growth standards to address anthropometric disparities and
highlight the limitations of applying global references to diverse
populations (52).

Furthermore, regional differences in access to sports and physical
activities significantly influence adolescent growth patterns globally,
as well as within different regions of the same country (53, 54). For
instance, adolescents in areas with extensive sports infrastructure
typically exhibit lower obesity rates. In contrast, South Punjab, despite
substantial investments in sports facilities, shows marked growth
disparities due to fewer facilities compared to other regions. This
regional imbalance underscores the role of physical activity
infrastructure in public health (55). Other factors such as sedentary
lifestyles, socioeconomic status, educational attainment, and cultural
variations also play a critical role in these patterns (7, 56-58).
Addressing these multifactorial influences is essential for developing
targeted interventions to manage growth disorders and promote
optimal BMI (59).

4.4 Strengths and limitations of the study

The primary strength of this research lies in its large sample size
of 2,970 adolescents from South Punjab, Pakistan, which enhances
the generalizability and reliability of the findings. Stratified random
sampling across three divisions ensures diverse population inclusion,
improving the representativeness of the results. Additionally, the
appropriate statistical methods employed to construct percentile
curves for height, weight, and BMI using the L (y-lambda), M
(p-mu), and S (8-sigma) parameters provide robust normative
reference values. These generated percentiles are crucial for
identifying atypical growth patterns that may indicate health risks,
necessitating immediate medical consultation. Another significant
advantage is the establishment of localized normative standards
using the back-substitution method, aligning growth monitoring in
South Punjab with international studies from various demographic
settings including the United States, the WHO, India, Turkey,
and China.

However, the focus of the study on 12-16-year-old adolescents in
South Punjab, while useful for setting specific local norms, limits its
broader applicability across Pakistan. The cross-sectional design
restricts the ability to infer causality or track developmental changes
over time. Additionally, potential sampling biases, despite efforts to
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mitigate them, and the exclusion of socioeconomic and dietary data
limit the depth of understanding concerning the interplay between
nutrition, social conditions, and adolescent growth. A significant
limitation of our study is the exclusion of younger age groups from
our growth reference investigation. This exclusion limits the ability to
provide a comprehensive developmental trajectory from birth through
adolescence. Consequently, our findings may not fully capture the
early growth patterns that could inform adolescent growth trends.
Despite this limitation, our study provides valuable insights into the
specific age range studied. Future research to address this gap by
incorporating longitudinal data from birth through adolescence.
Furthermore, while international comparisons provide valuable
insights, regional and ethnic growth disparities necessitate cautious
application of these standards to the local context.

4.5 Medical implication of the study

The study offers significant medical implications by providing
critical tools for assessing the physical growth and development of
Pakistani adolescents. Establishing age- and sex-specific normative
standards enables health professionals to identify individuals at risk of
chronic conditions associated with suboptimal growth. These
standards facilitate early detection and intervention, potentially
enhancing health outcomes and reducing disease burden. Additionally,
they are instrumental in evaluating the effectiveness of public health
programs aimed at promoting adolescent wellbeing.

4.6 What did this study add?

This research establishes the latest age- and sex-specific normative
reference standards for adolescents in South Punjab, marking a
significant advancement in public health and adolescent medicine.
These standards are integral to effective screening, growth monitoring,
and public health surveillance, significantly enhancing adolescent
health management and preventive care strategies.

5 Conclusion

This study established growth curves and normative standards for
height, weight, and BMI, revealing significant sex and age differences
and highlighting the distinct growth patterns of male and female
students. International references generally showed higher values for
older boys’ height (15-16), weight, and BMI for both sexes, except for
boys’ height at 12-14 and girls’ height, where the values in this study
were comparable or higher. These findings provide essential
benchmarks for school physical education and health assessments,
aiding in the early identification of chronic disease risks. Consequently,
this research can significantly impact public health initiatives and
improve health outcomes for Pakistani adolescents.
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