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This cross-sectional study aimed to characterize anthropometric indicators, biological @ OPEN ACCESS
maturation status, and nutritional patterns in schoolchildren from Neiva, Huila, Colombia. A
total of 193 participants (108 males and 85 females) were evaluated. Biological maturation was
estimated using the Maturity Offset (MO) method, and Age at Peak Height Velocity (APHV) was
calculated using the Moore model based on chronological age and stature.

Mean APHV was 1418 + 0.69 years in males and 12.52 + 0.41 years in females, indicating that
males were, on average, in the Circa-PHV stage, whereas females had progressed to the Post-
PHV stage. A Double Burden of Malnutrition was identified, characterized by the coexistence of
underweight and overweight/obesity within the same population. Correlation analysis revealed
weak associations between MO and adiposity indicators, particularly body mass index (p <
0.357), suggesting a decoupling between skeletal maturation and fat mass accumulation.

These findings indicate that biological maturation follows a trajectory largely independent
of adiposity and underscore the importance of incorporating biological age into nutritional
assessment and exercise prescription. Given the historical nature of the dataset (2013), updated
longitudinal studies are required to monitor secular trends in growth, maturation, and nutritional
status in this region.

Introduction equations presents important methodological challenges.

Models based on multiple anthropometric measurements
Adolescence constitutes a critical stage of human

development characterized by profound physical, cognitive,
and social changes, among which the interindividual
variability in the timing of Peak Height Velocity (PHV)
stands out [1-3]. In this context, the estimation of biological
maturation status using the maturity offset (MO) has been
established as a fundamental tool for understanding growth
tempo and guiding the individualization of health and sport-
related interventions [4].

may generate bias when applied to populations with body
proportions that differ from those of the original reference
samples [5,6]. In this context, the simplified model proposed
by Moore, et al. [7], which relies exclusively on chronological
age and height, has been adopted as a pragmatic alternative
for estimating age at PHV (APHV) in populations without local
validation. This approach has recently been applied in studies
conducted in the department of Huila to construct regional
anthropometric reference values [8,9]. At the national level, a
However, the application of maturation prediction systematic review highlighted significant gaps in research on
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growth and biological maturation in Colombian children and
adolescents, reinforcing the relevance of regional population-
based studies [10].

Fromanepidemiological perspective, the school population
in Neiva faces the double burden of malnutrition (DBM),
characterized by the coexistence of underweight and excess
adiposity [11,12]. This phenomenon, also documented by
the National Survey of Nutritional Status (ENSIN 2015) [13],
is closely linked to growth and maturation processes. Early
biological maturation has been associated with increased
metabolic and cardiovascular risk, whereas late maturation
may prolong critical periods for linear growth recovery [14-
16]. Consequently, understanding MO and its relationship with
body composition is essential for monitoring developmental
trajectories and for planning pediatric health and sports
programs based on individual biological risk profiles [17-19].

Within this framework, the objectives of the present
study were: (i) to describe the anthropometric profile of
schoolchildren from Neiva, Huila, Colombia; (ii) to estimate
biological maturation status by calculating MO and APHV
using the Moore etal. model [7]; and (iii) to analyze, separately
for males and females, the relationship between estimated
biological maturation and anthropometric indicators.

Methods

Participants and ethical considerations

The study sample comprised 193 schoolchildren (108
males and 85 females) enrolled in public educational
institutions in the city of Neiva, Huila. Chronological age was
calculated using August 9, 2013, as the reference date. The
study was conducted in accordance with the ethical principles
established in the Declaration of Helsinki [20] and complied
with Colombian regulations governing research involving
minors, particularly Resolution 008430 0f 1993 [21]. Informed
consent was obtained from parents or guardians, and assent
was obtained from all participants. Participant confidentiality
and welfare were ensured throughout the research process.

Anthropometric protocol

Anthropometric measurements, including standing height,
body weight, sitting height, arm span, waist circumference,
and hip circumference, were obtained by trained evaluators
following the standardized procedures of the International
Society for the Advancement of Kinanthropometry (ISAK)
[22].

Standing height was measured barefoot using a Siber-
Hegner Machines SA GPM anthropometer. Body weight was
assessed with a Seca model 761 scale, with a precision of 0.5
kg, and participants wore light clothing. Body mass index
(BMI) was calculated using the formula weight (kg) / height
(m?) [23,24].
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Nutritional classification (methodological warning)

The nutritional status classification presented in Table 2 is
based on absolute BMI thresholds and was used exclusively as
a preliminary descriptive approach to illustrate the presence
of the double burden of malnutrition. It is acknowledged that
the clinical classification recommended by the World Health
Organization (WHO) [25] and by Colombian Resolution 2465
of 2016 [26] must be performed using BMI-for-age Z-scores
(BMI/A), adjusted for sex and chronological age.

Estimation of biological maturation

Biological maturation status was estimated using the
maturity offset (MO) method based on the two-variable
equation proposed by Moore, et al. [7], selected for its
applicability in cross-sectional designs and its relative stability
for population-level estimates. In the equations, height is
expressed in centimeters (cm):

e Males:

MO (years) = -7.999994 + 0.0036124 x (age x height)
e Females:

MO (years) =-7.709133 + 0.0042232 x (age x height)

Negative MO values indicate years before PHV, whereas
positive values indicate years after PHV.

Statistical analysis

Associations between maturity offset and anthropometric
variables were examined using Spearman’s rank correlation
coefficient (p), with analyses conducted separately for males
and females. Statistical significance was set at p < 0.05. All
statistical procedures were performed using the trial version
of MATLAB software (R2023b). Before analysis, data were
screened for outliers and verified for the absence of missing
values.

Results
Biological maturation profile (MO and APHV)

Table 1 presents the mean values of Maturity Offset (MO)
and Age at Peak Height Velocity (APHV) stratified by sex. On
average, male participants were positioned in the Circa-PHV
phase (MO =-0.67 * 1.25 years), whereas females had already
passed PHYV, as reflected by a positive MO value (0.82 + 0.95
years).

The estimated APHV values were 14.18 *+ 0.69 years for
males and 12.54 + 0.41 years for females. These estimates
are consistent with previous reports for schoolchildren from

Table 1: Biological maturation profile (MO and APHV) estimated using the Moore,
et al. model [7].

Mean MO (years) SD MO Mean APHV (years) SD APHV
F 0.82 0.95 12.54 0.41
‘ M -0.67 1.25 14.18 0.69
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the Huila region and with international growth references,
supporting the biological plausibility of the maturation
estimates [8,27].

Figure 1 illustrates a conceptual growth velocity curve
(GVC) depicting the average maturational position of the
cohort. The diagram indicates that males are approaching
their maximum linear growth rate (Circa-PHV), whereas
females are predominantly in the post-peak deceleration
phase (Post-PHV), a pattern consistent with established
maturational trajectories [2,8].

Nutritional status (simplified BMI classification)

Table 2 summarizes the distribution of nutritional status
using simplified BMI thresholds. The results demonstrate
the presence of a pronounced Double Burden of Malnutrition
(DBM), characterized by the coexistence of underweight and
overweight/obesity within the same population. Underweight
prevalence was higher among males (34.5%) compared with
females (30.3%). Conversely, overweight/obesity was slightly
more prevalent among females (6.7%) than males (5.5%).

Correlational analysis: Biological maturation and
anthropometry

Table 3 presents the Spearman correlation coefficients
(p) between Maturity Offset (MO) and six anthropometric

Diagrama Conceptual de la Curva de Velocidad de Crecimiento (GVC)
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Velocidad de Crecimiento (cnfafic)

Underweight (%) Risk (%) Normal (%) Overweight/Obesity (%)
F 30.3 13.5 49.4 6.7
M 34.5 28.2 31.8 5.5

Note: These values represent an approximate descriptive classification and do not
constitute a clinical nutritional diagnosis based on BMI-for-age Z-scores.

‘Table 3: Spearman’s correlation (p) between maturity offset and anthropometric variables.‘

Variable Males (p) Females (p)
Height (cm) 0.856 0.746
Weight (kg) 0.605 0.622
BMI (kg/m?) 0.260 0.357
Arm span (cm) 0.522 0.605
Waist circumference (cm) 0.426 0.402
Hip circumference (cm) 0.625 0.477
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variables, analyzed separately by sex. Standing height showed
the strongest association with MO in both males (p = 0.856)
and females (p = 0.746), followed by body mass and hip
circumference.

In contrast, adiposity-related indicators—BMI and waist
circumference—exhibited weak associations with MO (p <
0.357 for BMI and p < 0.426 for waist circumference). This
pattern suggests a limited relationship between the timing
of skeletal maturation and indicators of fat accumulation. All
reported correlations were statistically significant (p < 0.05).

Discussion

Growth and maturation pattern: Plausibility and
local context

The estimated APHV values observed in this study (14.18
years in males and 12.54 years in females) fall within the
ranges consistently reported in the international literature on
pubertal development and growth dynamics [2,17,28]. These
estimates are also concordant with recent regional evidence
from the department of Huila, reinforcing their contextual
validity [8,9]. Collectively, this agreement supports the
biological plausibility of the maturity offset model proposed
by Moore et al. [7], applied here as a pragmatic solution in
the absence of locally validated maturation equations, as
recommended in population-based research [29,30].

From an auxological and physical anthropology
perspective, these findings align with well-established
principles describing sex-specific growth trajectories during
adolescence [31,32]. The predominance of a Circa-PHV
maturational stage among males and a Post-PHV stage among
females is consistent with expected developmental patterns
at this school age.

Correlational analysis further demonstrated that standing
height was the anthropometric variable most strongly
associated with maturity offset, particularly in males
(p = 0.856). This observation is coherent with previous
evidence indicating that linear growth is the primary
driver of maturational progression during the rapid growth
acceleration phase [33,34]. In females, the slightly weaker
association (p = 0.746) likely reflects post-PHV biological
processes, including shifts in body composition and patterns
of fat mass redistribution [35-37].

Decoupling between skeletal maturation and
adiposity: A key biological finding

One of the most relevant findings of this study is the weak
association between skeletal maturation and adiposity-
related indicators. While maturity offset showed a very strong
relationship with height, its correlations with BMI (p < 0.357)
and waist circumference (p < 0.426) were notably low.

This decoupling phenomenon has been previously
documented in pediatric and adolescent populations,
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suggesting that biological maturation follows a trajectory
largely independent of fat mass accumulation [36,38,39].
The moderate association observed with hip circumference
(p < 0.625) reinforces its relevance as an anthropometric
marker linked to cardiometabolic risk during childhood and
adolescence [40-42].

Furthermore, the limited performance of BMI compared
with central adiposity indicators supports accumulating
evidence that waist circumference may offer greater
sensitivity for identifying cardiovascular and metabolic risk
in youth [43]. Taken together, these findings indicate that,
in this cohort, skeletal maturation progresses primarily in
accordance with linear growth velocity [33,44], whereas
adiposity appears to be regulated by partially independent
biological and environmental mechanisms [45,46].

Nutritional status and the double burden of
malnutrition

The coexistence of high underweight prevalence (30% -
34%) with moderate levels of overweight/obesity (5% - 7%)
confirms the presence of the Double Burden of Malnutrition
(DBM) in this population [11]. Although the nutritional
classification applied in this study was based on simplified
BMI thresholds rather than WHO BMI-for-age Z-scores, the
observed pattern mirrors national and regional reports
documenting this epidemiological transition [13,47].

In this context, nutritional surveillance and clinical
assessment should prioritize the use of locally derived growth
percentiles for the Huila population, which provide a more
sensitive and culturally appropriate framework for evaluating
child and adolescent growth [48]. This recommendation
is consistent with international guidelines emphasizing
contextualized growth assessment [15,16].

Implications for public health and sports science

Public health: The identification of DBM highlights the
urgent need for integrated public health strategies that
simultaneously address nutritional deficits and excess
adiposity. Dual-focus interventions are essential to mitigate
long-term cardiometabolic risk while supporting optimal
growth and development [11]. The incorporation of regional
growth references may further enhance diagnostic accuracy
and improve population-level risk stratification.

Sports science: Biological maturation status represents
a critical variable for exercise prescription and talent
development in youth. The distinction between Circa-PHV
and Post-PHV stages is particularly relevant, as biological
age strongly influences training responsiveness and injury
susceptibility [4,49,50].

¢ Circa-PHV males: Training programs should prioritize
technical skill development and moderated mechanical
loading due to transient increases in injury risk.
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e Post-PHV females: This stage represents an optimal
window for the implementation of higher-intensity
strength training aimed at maximizing bone mineral
density and lean mass accrual [51,52].

Limitations and future perspectives

This study is limited by its cross-sectional design and the
use of historical data collected in 2013. Given the presence
of positive secular trends in growth, maturation timing,
and overweight, the findings should be interpreted strictly
as representative of the studied cohort and should not be
extrapolated as current reference values.

Methodologically, reliance on maturation equations
developed in external populations underscores the need for
local validation and calibration of maturity offset models for
children and adolescents from Huila [10]. Future research
should:

I. Conduct local cross-validation studies of maturation
prediction equations [18,53,54];

II. Adjust models according to regional anthropometric
proportions and growth patterns [15,53,54];

III. Incorporate  advanced  longitudinal = modeling
approaches, such as SITAR, to improve individual-level
estimation of peak height velocity [55].

Conclusion

This cross-sectional study characterized the biological
maturation status and anthropometric profile of
schoolchildren from Neiva, Huila, Colombia. The findings
indicate that, on average, males were positioned in the Circa-
PHV stage, whereas females had already transitioned to
the Post-PHV stage, according to the maturity offset model
proposed by Moore, et al. [7]. In addition, the results revealed
the presence of a double burden of malnutrition, characterized
by the coexistence of underweight and overweight/obesity. It
should be noted, however, that this nutritional classification
represents an approximate descriptive approach based on
BMI values not adjusted for age and sex.

The principal finding of this study was the weak
association observed between skeletal maturation and
adiposity-related indicators. While biological maturation
was strongly associated with linear growth, its relationship
with BMI and waist circumference was limited, suggesting
that cardiometabolic risk is not directly determined by the
biological timing of peak linear growth. This dissociation
underscores the importance of designing nutritional, public
health, and sports interventions that simultaneously consider
biological age and body composition, without assuming a
parallel or synchronous progression between these processes.

Given that the analyzed data correspond to measurements
collected in 2013, the results should be interpreted as a point-
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in-time characterization of the studied cohort rather than as
contemporary reference values. Future longitudinal studies
or updated population-based surveys are therefore necessary
to assess secular trends in growth, maturation, and nutritional
status in this region. Finally, the findings emphasize the
need to validate population-specific biological maturation
equations for children and adolescents from Neiva and to
prioritize the clinical use of standardized indicators, such as
BMI-for-age Z-scores, in accordance with current national and
international guidelines.
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