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Biological maturation status can affect individual differences, sex, height, body fat, and body 
weight in adolescents and thus may be associated with obesity. The primary aim of this 
study was to examine the relationship between biological maturation and obesity. Overall, 
1,328 adolescents (792 boys and 536 girls) aged 12.00 ± 0.94–12.21 ± 0.99 years, respectively 
(measured for body mass, body stature, sitting stature). Body weights were deter-mined 
with Tanita body analysis system and adolescent obesity status was calculated according 
to the WHO classification. Biological maturation was determined according to the somatic 
maturation method. Our results showed that boys mature 3.077-fold later than girls. 
Obesity was an increasing effect on early maturation. It was determined that being obese, 
overweight and healthy-weight increased the risk of early maturation 9.80, 6.99 and 1.81-
fold, respectively. The equation of the model predicting maturation is: Logit (P) = 1/(1 + exp. 
(− (−31.386 + sex-boy * (1.124) + [chronological age = 10] * (−7.031) + [chronological age = 11] 
* (−4.338) + [chronological age = 12] * (−1.677) + age * (−2.075) + weight * 0.093 + height * 
(−0.141) + obesity * (−2.282) + overweight * (−1.944) + healthy weight * (−0.592)))). Logistic 
regression model predicted maturity with 80.7% [95% CI: 77.2–84.1%] accuracy. In 
addition, the model had a high sensitivity value (81.7% [76.2–86.6%]), which indicates that 
the model can successfully distinguish adolescents with early maturation. In conclusion, 
sex and obesity are independent predictors of maturity, and the risk of early maturation is 
increased, especially in the case of obesity and in girls.
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1. Introduction

Childhood obesity is one of the most serious public health challenges of the 21st century (1). 
Overweight and obesity are defined as “abnormal or excessive fat accumulation that presents a risk 
to health” (1). Overweight and obesity are associated with metabolic diseases that increase the risk 
of noncommunicable diseases such as cardiovascular disease and diabetes (2, 3). Childhood or 
adolescence obesity is associated with higher risk of weight-related morbidity and premature death 
in adulthood (4, 5). Overweight and obesity cause at least 2.6 million deaths each year (1). The World 
Obesity Federation reports that there has been a dramatic increase in childhood overweight and 
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obesity over the past 30 years (6). The overall prevalence rates of 
overweight/obesity and obesity in Azores adolescents were 31 and 27%, 
respectively (7). In a study conducted with adolescents in Turkey, the 
prevalence rate of overweight was found to be 18.2% (8).

Hormonal changes during puberty affect weight gain and body 
weight. Therefore, puberty leads to changes in body weight. These 
changes include changes in the amount and distribution of adipose tissue, 
lean body weight, and bone structure. In this period, besides rapid height 
increase in both sexes, weight gain also occurs (9). Childhood overweight 
and obesity can lead to significant health problems in adulthood; these 
diseases are diabetes; musculoskeletal disorders, especially osteoarthritis; 
cardiovascular diseases (mainly heart disease and stroke); and some types 
of cancer (endometrial, breast, and colon) (1). Excess adipose tissue 
causes oxidative stress, inflammation, apoptosis and mitochondrial 
dysfunctions (10, 11). That’s why, obesity may cause to the onset of type-
2-diabetes, liver steatosis, neurodegenerative and cardiovascular diseases 
that may thrive early in lifespan (12–17).

Biological maturation is a lifespan natural process which promotes 
morphophysiological changes in human (18). The onset of puberty in 
girls is relationship with an improve in the quantity of fat mass, as a 
consequence of improved blood concentration of estradiol (19). 
According to a study, the relative age effect was found to primarily affect 
the U13 and U15 categories in body composition (20). In a study, a 
relationship was found between biological maturation and muscle 
strength (21). Early sexual maturation is relationship with excessiveness 
body weight in girls and more stature for age in both sexes (22). There 
are clearly dissimilarity between boys and girls in fat mass and 
distribution, particularly in adolescence period (23). In girls, there is 
proof which early sexual maturation is relationship with a more 
prevalence of overweight and obesity (24, 25). The number of studies in 
boys is quite scarce, and the evidences are mixed (25, 26).

The prevalence of obesity in children and adolescents in the 
United States is ~17%, posing a risk to health status and life expectancy 
in adulthood (27, 28). Obese children and adolescents are 5 times more 
likely to become obese in adulthood than non-obese children and 
adolescents (29). About 55% of obese children become obese in 
adolescence, about 80% of obese adolescents will be obese in adulthood, 
and about 70% will be obese over the age of 30 (29). Overweight and 
obesity and related diseases may be largely prevented (1). Therefore, 
research should focus on reducing and preventing obesity in children 
and adolescents. Prevention of childhood and adolescent obesity 
therefore needs high priority. Unlike adults, children do not have the 
opportunity to choose the environment they live in, the foods they 
consume, and the choices they make. For this reason, the growth and 
development of children can be affected by many factors. These factors 
can also cause the child or adolescent to become obese. Biological 
maturation status may effect individual differences, gender, height, body 
fat and body weight (7). Early sexual maturation is relationship with 
overweight (girls only) and stature in children aged 8–14 years (22). The 
primary aim of this study was to examine the relationship between 
biological maturation and obesity.

2. Methods

2.1. Participants

The design of this study was cross-sectional. The research was 
conducted in Kirikkale province of Turkey. There are 8,758 students 

between the ages of 10–13 in Kirikkale province. G*power software 
was used to determine the sample size of the study (30). As a result of 
the power analysis (alpha value = 0.05 and 1-beta value = 0.80, 
ηp

2 = 0.25), it was found that at least 179 should be  included in  
the study. In this study, 1,328 participants (792 boys; 
age = 12.00 ± 0.94 years and 536 girls; age = 12.21 ± 0.99 years) were 
randomly selected. The inclusion criteria of the participants were to 
attend physical education classes regularly for 2 h 1 day a week. 
Regarding dietary attitudes, the researchers did not gather any data. 
Each teenager and their parents received information about the 
study’s methods and potential hazards before becoming participants. 
They were informed about the study and given the option to 
voluntarily select whether to take part.

2.2. Procedures

Permissions were obtained from public and private institutions 
for the study. Children, their parents and physical education 
teachers were informed about the measurement protocols and the 
purpose of the study. The information form about the research was 
read and signed by the parents. A form file was created for each of 
the participants who wanted to take part in the research voluntarily. 
The study was ap-proved by Kirikkale University 
Non-Interventional Research Ethics Committee (date: 2022-06-08, 
no: 2022/10) and was conducted according to the principles stated 
in the Declaration of Helsinki. Anthropometric measurements were 
taken by experts in the field. None of the children participating in 
the measurements were excluded from the study. Within the scope 
of the study, each child’s age, gender, height, body weight, leg 
length and sitting height measurements were taken. It was 
determined based on the references in the WHO child and 
adolescent weight classification table to determine information on 
obesity status.

2.3. Measurements

2.3.1. Anthropometric measurements
Standardized procedures were applied for the anthropometric 

measurements of the participants (31). Height and sitting heights 
were measured with a 0.1 cm long portable stadiometer (Seca 213, 
Hamburg, Germany). Tanita Body Composition Analyzer device 
(Tanita, BC-418, Japan) was used for body weight assessment. BMI 
value calculation was obtained by dividing body weight (kg) by the 
square of body height (m). To determine the maturity status of the 
participants, the percentage of estimated adult height (%PAS) 
included at the time of observation was estimated using (32). In 
determining the maturity level of each participant, classification was 
made according to the %PAS z-score. Subsequently, the maturation 
status of the participants was classified as early (z-score > 0.5), timely 
(z-score ± 0.5), and late (z-score < 0.5).

2.3.2. Sitting height measurement
The sitting heights of the participants were measured with a Holtain 

brand (stadiometer with 0.1 mm precision) measuring device. After the 
chair was adjusted according to the height of the participant, they were 
asked to take a deep breath and sit upright without moving. The resulting 
value was recorded in centimeters.
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2.3.3. Somatic maturation
Estimated adult body height (PAS) was used as an indicator of 

maturity (Khamis and Roche, 1994). Height was determined and treated 
as the estimated percentage of adult height (%PAS). PAS protocol 
calculation was calculated by age (decimal), body mass, height and mean 
parental height. The heights of the parents were collected with an informed 
consent form. The PAS variable was expressed as the percentile of 
estimated adult height (APAS) (33). Among children of the same chrono-
logical age, individuals with a higher estimated adult height were 
considered to be  in a more advanced state of physical maturation 
compared with shorter individuals (Khamis and Roche, 1994). The 
Khamis-Roche method has been applied in many studies in order to 
predict the biological maturity status (34, 35). In this study, a grouping was 
made among children. Using the sample median z-score of the obtained 
%PAS value, the latest maturation status (p < 50%) and the earliest 
maturation status (p > 50%) are given.

2.3.4. Obesity classification
The prevalence of overweight and obesity in adolescents is defined 

according to the WHO growth reference for school-aged children and 
adolescents (overweight = 1 standard deviation body mass index for age 
and sex, and obese = 2 standard deviations body mass index for age and 
sex) (1). In this direction, body mass index (BMI) values were calculated 
by measuring the height and weight of the individuals; The 85th and 
95th percentiles were considered overweight, and those above the 95th 
percentile were considered obese (36) determining the BMI values and 
obesity status of the participants, the child body mass index calculation 
application on the website of Centers for Disease Control and Prevention 
(CDC) was used (37).

2.3.5. Data analysis
The suitability of the quantitative variables to the univariate normal 

distribution was examined by visual (histogram and probability graphs) 

and analytical (Shapiro–Wilk test) methods. The Henze-Zirkler test was 
used to examine the multivariate normal distribution. The assumption 
of homogeneity of variances was examined with the Levene test. Since 
quantitative variables were not normally distributed, they were 
ex-pressed as median, and interquartile range (IQR). The two-way 
PERMANOVA (Permutational Analysis of Variance) test, with the 
Euclidean distance as the similarity matrix as the first factor maturity 
groups and the second factor obesity groups, was used to examine the 
difference and interaction effect between the groups (Permutation 
N = 9,999). In multivariate analysis, possible risk factors were examined 
by binary logistic regression using independent predictors in early and 
late maturity. Hosmer-Lemeshow and Omnibus tests were used to 
evaluate the logistic regression model and its coefficients. Classification 
performance measures were calculated using the confusion matrix 
regarding the prediction performance of the logistic regression model. 
In evaluating the performance of the model, accuracy, F1-score, 
sensitivity, specificity, positive predictive value, negative predictive 
value criteria were used. A p < 0.05 was considered statistically 
significant in all results. American Psychological Association (APA) 6.0 
style was used to report statistical differences (38). Statistical analyzes 
were performed using Python 3.9 software and SPSS 28.0 (IBM Corp., 
Armonk, NY, United States) package program. GraphPad 9.4.1 program 
was used for graphics.

3. Results

The results of PERMANOVA showed that besides the interaction 
effect of maturity × obesity (F = −81.539; p < 0.001) at the age of the 
participants, obesity was the main effect (F  = 8.089; p2  < 0.001). 
Interaction results showed that those with early maturation and 
healthyweight were significantly older. However, the main effect of 
maturity was not significant (F = 0.841; p1 = 0.240) (Table 1; Figure 1).

TABLE 1 Changes in the age of the participants according to the maturity and obesity groups.

Groups Median (IQR)

Maturity main effect Obesity main effect

InteractionF value F value

p1 value p2 value

Early-obesity 12.78 (2.05) F = 0.841 p1 = 0.240 F = 8.089 p2 < 0.001 F = −81.539 p < 0.001

Early-overweight 11.50 (2.15)

Early-healthyweight 12.90 (2.07)

Early-underweight 11.96 (1.62)

On-time-obesity 12.15 (1.23)

On-time-overweight 12.10(1.25)

On-time-healthyweight 12.48 (1.22)

On-time-underweight 12.25 (1.26)

Late-obesity 12.15 (1.23)

Late-overweight 12.10 (1.25)

Late-healthyweight 12.48 (1.22)

Late-underweight 12.25 (1.26)

Post-hoc analysis for obesity 

factor

Obesity-healthyweight p3 = 0.016

Overweight-healthyweight p3 < 0.001

Healthy weight-underweight p3 < 0.001

IQR, interquartile range; p1 value, significance test result between maturity groups; p2 value, significance test result between obesity groups; p3 value, the results of the in-group comparison 
significance test.
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FIGURE 2

The body weights of participants according to maturity and obesity 
groups.

In addition to the main effect of maturity (F = 3.682; p1 = 0.002) and 
obesity (F = 529.580; p2 < 0.001) groups for weight, the interaction effect 
of maturity x obesity (F = −84.307; p = 0.02) was significant (Table 2; 
Figure 2).

The effect of maturity x obesity (F = −84.934; p = 0.043) was 
significant for the height of the participants, and although obesity was 

the main effect (F = 9.341; p2 < 0.001), there was no main effect for 
maturity (F = 0.380; p1 = 0.521), and our interaction results showed that 
those with healthyweight and early maturity had a higher height 
(Table 3; Figure 3).

There was no interaction effect of maturity × obesity (F = −86.300; 
p = 0.054) on sitting height of the participants, also maturity (F = 0.981; 

FIGURE 1

Ages of the participants by maturity and obesity groups.

TABLE 2 Changes in the body weight of the participants according to the maturity and obesity groups.

Groups Median (IQR)

Maturity main effect Obesity main effect

InteractionF value F value

p1 value p2 value

Early-obesity 70 (8) F = 3.682 p1 = 0.002 F = 529.580 p2 < 0.001 F = −84.307 p = 0.02

Early-overweight 60 (11.8)

Early-healthyweight 49 (13.6)

Early-underweight 36 (9.1)

On-time-obesity 70 (7)

On-time-overweight 60 (9)

On-time healthyweight 46 (9.95)

On-time-underweight 36 (6.25)

Late-obesity 70 (7)

Late-overweight 60 (9)

Late-healthyweight 46 (9.95)

Late-underweight 36 (6.25)

Post-hoc analysis for obesity 

factor

Obesity-overweight p3 < 0.001

Overweight-healthyweight p3 < 0.001

Healthy weight-underweight p3 < 0.001

Overweight-healthyweight p3 < 0.001

Healthy weight-underweight p3 < 0.001

Post-hoc analysis for maturity 

factor

Early-on time p3 = 0.48

Early-late p3 = 0.046

On time-late p3 = 0.09

IQR, interquartile range; p1 value, significance test result between maturity groups; p2 value, significance test result between obesity groups; p3 value, the results of the in-group comparison 
significance test.
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p1  = 0.195) and obesity (F  = 0.232; p2  = 0.763) had no main effects 
(Table 4; Figure 4).

The main effect of maturity (F = 0.352; p1 = 0.543) and the interaction 
effect of maturity x obesity (F = −87.313; p = 0.165) were not detected in 
the leg length results, but the main effect of obesity was significant for 
leg length (F = 6.825; p2 < 0.001). The obesity, overweight and healthy 
weight group had a significantly higher leg length compared to the 
underweight group (p < 0.05) (Table 5; Figure 5).

Age, weight, height, sitting height, leg length, chronological age, sex 
and obesity were included in the model as predictive variables in binary 
logistic regression analysis. Age, weight, height, chronological age, sex, 
and obesity had significant OR p values for maturity. It was determined 

that one unit increase in age increased early maturation 7.94 times. 
Chronological age was an enhancing predictor for early maturation, and 
the risk of premature maturation was 1,000, 76.92, 5.35 fold higher in the 
10, 11, and 12 chronological age groups, respectively, compared to the 
13 year age group. Furthermore, boys matured 3.077 fold later than girls. 
Therefore, being a girl was an enhancing predictor for early maturation. 
Weight was an important determinant for maturity groups, and a 
one-unit increase in weight increased late maturity 1.098 fold. Height 
showed a enhancing effect on early maturation, and it was determined 
that an increase in height by one unit increased early maturation 1.15 
fold. Obesity had an increasing effect on early maturation. It was 
determined that being obese, overweight and healthyweight increased the 
risk of early maturation 9.80, 6.99 and 1.81 fold, respectively. As a result, 
The equation of the model predicting maturation is: Logit (P) = 1/(1+ exp. 
(− (−31.386 + boy * (1.124) + [chronological age = 10] * 
(−7.031) + [chronological age = 11] * (−4.338) + [chronological age = 12] 
* (−1.677) + age * (−2.075) + weight * 0.093 + height * (−0.141) + obesity 
* (−2.282) + overweight * (−1.944) + healthy weight * (−0.592)))).

With the developed logistic regression-based equation, it can 
be quickly determined whether a person matures early or late (Table 6).

Table  7 shows the performance criteria results and confidence 
intervals regarding the estimation performance of the logistic regression 
model. Our model predicted maturity with 80.7% [95% CI: 77.2–84.1%] 
accuracy. In addition, the model had a high sensitivity value (81.7% 
[76.2–86.6%]), which indicates that the model can successfully 
distinguish adolescents with early maturation.

4. Discussion

The primary aim of this study was to examine the relationship 
between biological maturation and obesity. To the best of our knowledge, 

TABLE 3 Changes in the height of the participants according to the maturity and obesity groups.

Groups Median (IQR)

Maturity main effect Obesity main effect

InteractionF value F value

p1 value p2 value

Early-obesity 152 (8) F = 0.380 p1 = 0.521 F = 9.341 p2 < 0.001 F = −84.934 p = 0.043

Early-overweight 153 (17)

Early-healthyweight 157 (19)

Early-underweight 150 (14.5)

On-time-obesity 154 (9)

On-time-overweight 152 (10)

On-time-Healthyweight 155 (10.5)

On-time-underweight 150 (11.5)

Late-obesity 154 (9)

Late-overweight 152 (10)

Late-healthyweight 155 (10.5)

Late-underweight 150 (11.5)

  Post-hoc analysis for obesity factor Obesity-underweight p3 = 0.013

Overweight-underweight p3 = 0.015

Healthyweight-underweight p3 < 0.001

IQR, interquartile range; p1 value, significance test result between maturity groups; p2 value, significance test result between obesity groups; p3 value, the results of the in-group comparison 
significance test.

FIGURE 3

The height of participants according to maturity and obesity groups.
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TABLE 4 Changes in the sitting height of the participants according to the maturity and obesity groups.

Groups Median (IQR)

Maturity main effect Obesity main effect

InteractionF value F value

p1 value p2 value

Early-obesity 79.3 (8.6) F = 0.981 p1 = 0.195 F = 0.232 p2 = 0.763 F = −86.300 p = 0.054

Early-overweight 77.3 (7.4)

Early-healthyweight 76.3 (7.2)

Early-underweight 76.6 (6.9)

On-time-obesity 77.4 (6.5)

On-time-overweight 77.3 (6.5)

On-time-healthyweight 77.3 (5.3)

On-time-underweight 76.25 (6.4)

Late-obesity 77.4 (6.5)

Late-overweight 77.3 (6.5)

Late-healthyweight 77.3 (5.3)

Late-underweight 76.25 (6.4)

IQR, interquartile range; p1 value, significance test result between maturity groups; p2 value, significance test result between obesity groups; p3 value, the results of the in-group comparison 
significance test.

FIGURE 4

The sitting height of participants according to maturity and obesity 
groups.

this is the first study predicting maturity by measuring some obesity 
parameters based on machine learning approach. Our predictive model 
showed that obesity increases the risk of early maturation. In addition, 
early maturation was higher in adolescent girls. Our model predicted 
maturity with 80.7% [95% CI: 77.2–84.1%] accuracy. Moreover, the high 
sensitivity value of the model (81.7% [76.2–86.6%]) indicates that the 
model can successfully distinguish early maturing adolescents. 
Consistent with the current study, it was found in a study that obesity is 
associated with maturation in both boys and girls (1,525 boys and 1,501 
girls aged 8–14), however, the association was differed.

Although a positive correlation was found in girls which is 
consistent with our study, a negative one was reported in boys unlike the 
present study (39). This controversial results would be attributed to the 
study design, evaluation technique different populations studied and 
study duration. In justifying the obtained results for boys, it should 

be noted that there are conflictary results regarding the relationship 
between obesity and timing of pubertal onset in boys (40, 41) and this 
can be a reason for low correlation of obesity and maturity in boys rather 
than girls. In other words, obesity would contribute to early onset of 
puberty in girls more than boys. One possible reason for this effect refers 
to higher threshold of BMI for puberty development in boys than girls 
(41). The second aim was to examine the effects of anthropometric 
measurements, gender, and obesity on biological maturation in 
adolescents. Our results showed that the maturity*obesity interaction 
effect was significant for age, body weight, and height. Age, weight, 
height, chronological age, gender, and obesity were important risk 
factors and predictors for maturity. Interestingly, in a logitudinal study 
lasting more than 10 years, it was reported that pubertal growth patterns, 
including earlier puberty onset timing, smaller puberty intensity, and 
shorter puberty spurt duration, had a positive association with higher 
obesity risks in late adolescence (42). Notably, contraversial studies in 
boys are more observed compared to the girls. For instance, earlier 
puberty was found in overweight boys compared to normal weight and 
later puberty in obese compared to overweight (4,131 boys from 2005–
2010) (43). In a study, it was shown that with each unit increase in 
childhood BMI, the age of peak height velocity (PHV) was earlier by 
2 months just in normal weight boys, while the same was not found in 
overweight ones (6). In agreement with our study, there are several 
studies demonstrating the positive correlation between body 
composition and earlier onset of puberty in obese girls (44, 45). Based 
on research evidences, there are some reasons for the early onset of 
puberty in girls including endocrine-disrupting chemicals (46), 
psychosocial factors (47), and chronic stress (48). One possible 
mechanism involved in earlier puberty would be related to sex hormones 
changes. For instance, Increased levels of estradiol secretion would cause 
some changes in body fat distribution in pubescent girls. Accordingly, 
high estradiol levels are associated with precocious puberty (49). In 
reality, the complicated etiology of obesity is influenced by a variety of 
variables, including biological, behavioral, environmental, physical 
activity and genetic ones (8, 50). A wide range of exercise-related health 
advantages may be promoted by studying the lipidomic profile, which 
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enables complicated biological processes to be adjusted more efficiently 
in the context of exercise (51). Physical exercise has numerous 
repercussions on metabolism and function of different organs and 
tissues by enhancing whole-body metabolic homeostasis in response to 
different exercise-related adaptations. In a review, Latino et al. showed 
as exercise determine significant changes in lipidomic profiles, but they 
manifested in very different ways depending on the type of tissue 
examined (52) As healthy lifestyle during pubertal years is highly related 
to accelerated biological maturation in childhood and adolescence (53, 
54), its recommended to consider it in future studies.

There are several limitations in the study. One of the main 
limitations of this study is that it is a cross-sectional study. The second 
one refers to the lack of measurement of testicular enlargement as a 

classic marker of pubertal onset, since it requires invasive palpation. It 
should be also noted that there are limited reliable self-reported markers 
for pubertal timing in boys and most data rely solely on visual grading 
of genital development. Another limitation of this study is the 
impossibility of laboratory measurements such as sex hormone levels 
and thelarche evaluation, which is recommended in future studies.

5. Conclusion

Today, the use of machine learning technology is one of the 
advantages that allows the prediction of scientific facts in the best 
possible way. In conclusion, sex and obesity are independent predictors 
of maturity, and the risk of early maturation is increased, especially in 
the case of obesity in girls. This study’s main conclusion was that early 
biological maturation was strongly associated with obesity, particularly 
in females. In other words, early biological maturation in girls may result 
in their going through the menstrual cycle early and, as a result, 
developing a number of health issues as adults. Preventive programs can 
aid in their timely entry into the biological maturation process by 
further examining the fundamental mechanism of obesity. The 
participation of several public and private partners is necessary to stop 
the children and adolescent obesity epidemic and reduce the health 
hazards related to obesity. Governments, international partners, 
non-governmental organizations, and the corporate sector all have a 
crucial role to play in encouraging physical activity and better nutrition 
for children and adolescents.

Data availability statement

The raw data supporting the conclusions of this article will be made 
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TABLE 5 Changes in the leg length of the participants according to the maturity and obesity groups.

Groups Median (IQR)

Maturity main effect Obesity main effect

InteractionF value F value

p1 value p2 value

Early-obesity 77.85 (21.8) F = 0.352 p1 = 0.543 F = 6.825 p2 < 0.001 F = −87.313 p = 0.165

Early-overweight 75.7 (14.6)

Early-healthyweight 79.3 (19.1)

Early-underweight 72.55 (14.5)

On-time-obesity 78.6 (14.1)

On-time-overweight 77.7 (13.3)

On-time-healthyweight 76.8 (14)

On-time-underweight 73.8 (11.7)

Late-obesity 78.6 (14.1)

Late-overweight 77.7 (13.3)

Late-healthyweight 76.8 (14)

Late-underweight 73.8 (11.7)

  Post-hoc analysis for obesity factor Obesity-underweight p3 < 0.001

Overweight-underweight p3 < 0.001

Healthyweight-underweight p3 < 0.001

IQR, interquartile range; p1 value, significance test result between maturity groups; p2 value, significance test result between obesity groups; p3 value, the results of the in-group comparison 
significance test.

FIGURE 5

The leg length according to maturity and obesity groups of 
participants.
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TABLE 6 Logistic regression results.

Maturity B SE Wald Value of p OR
95% CI for OR

Lower bound Upper bound

[Sex = boy] 1.124 0.279 16.215 <0.001 3.077 1.780 5.318

[Chronological age = 10] −7.031 0.877 64.227 <0.001 0.001 0.001 0.005

[Chronological age = 11] −4.338 0.604 51.627 <0.001 0.013 0.004 0.043

[Chronological age = 12] −1.677 0.382 19.304 <0.001 0.187 0.089 0.395

[Chronological age = 13] 71.343 <0.001

Age (years) −2.075 0.256 65.645 <0.001 0.126 0.076 0.207

Weight (kg) 0.093 0.029 10.093 0.001 1.098 1.036 1.163

Height (cm) −0.141 0.063 5.028 0.025 0.869 0.768 0.982

Sitting height (cm) 0.063 0.061 1.069 0.301 1.065 0.945 1.201

Leg length (cm) 0.063 0.059 1.162 0.281 1.065 0.950 1.195

Obesity −2.282 1.047 4.751 0.029 0.102 0.013 0.794

Overweight −1.944 0.665 8.553 0.003 0.143 0.039 0.527

Healthy weight −0.592 0.321 3.404 0.065 0.553 0.295 1.038

Underweight 9.181 0.027

Constant 31.386 4.007 61.354 <0.001

B, coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; bold indicate statistically significant.
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TABLE 7 Results of performance metrics for Lojistic regression model maturity prediction.

Metric Value 95% CI lower limit 95% CI upper limit

Accuracy 0.807 0.772 0.841

F1-score 0.795 0.760 0.830

Sensitivity 0.817 0.762 0.864

Specificity 0.798 0.746 0.844

Positive predictive value 0.774 0.717 0.825

Negative predictive value 0.837 0.787 0.880

CI, confidence interval.

https://doi.org/10.3389/fnut.2023.1139179
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Gülü et al. 10.3389/fnut.2023.1139179

Frontiers in Nutrition 09 frontiersin.org

References
 1. WHO (2020). Noncommunicable Diseases: Childhood Overweight and  

Obesity. https://www.who.int/news-room/questions-and-answers/item/non 
communicable-diseases-childhood-overweight-and-obesity

 2. Han, TS, Tajar, A, and Lean, MEJ. Obesity and weight management in the elderly. Br 
Med Bull. (2011) 97:169–96. doi: 10.1093/bmb/ldr002

 3. Khan, MA, and Smith, JEM. “Covibesity,” a new pandemic. Obesity Med. (2020) 
19:100282. doi: 10.1016/j.obmed.2020.100282

 4. Park, MH, Falconer, C, Viner, RM, and Kinra, S. The impact of childhood obesity on 
morbidity and mortality in adulthood: a systematic review. Obes Rev. (2012) 13:985–1000. 
doi: 10.1111/j.1467-789X.2012.01015.x

 5. Reilly, JJ, and Kelly, J. Long-term impact of overweight and obesity in childhood and 
adolescence on morbidity and premature mortality in adulthood: systematic review. Int J 
Obes. (2011) 35:891–8. doi: 10.1038/ijo.2010.222

 6. Lobstein, T, Jackson-Leach, R, Moodie, ML, Hall, KD, Gortmaker, SL, Swinburn, BA, 
et al. Child and adolescent obesity: part of a bigger picture. Lancet. (2015) 385:2510–20. 
doi: 10.1016/S0140-6736(14)61746-3

 7. Coelho, ESMJ, Vaz Ronque, ER, Cyrino, ES, Fernandes, RA, Valente-Dos-Santos, J, 
Machado-Rodrigues, A, et al. Nutritional status, biological maturation and 
cardiorespiratory fitness in Azorean youth aged 11-15 years. BMC Public Health. (2013) 
13:495. doi: 10.1186/1471-2458-13-495

 8. Gülü, M, Yapici, H, Mainer-Pardos, E, Alves, AR, and Nobari, H. Investigation of 
obesity, eating behaviors and physical activity levels living in rural and urban areas during 
the covid-19 pandemic era: a study of Turkish adolescent. BMC Pediatr. (2022) 22:405–10. 
doi: 10.1186/s12887-022-03473-1

 9. Burt Solorzano, CM, and Mccartney, CR. Obesity and the pubertal transition in girls 
and boys. Reproduction. (2010) 140:399–410. doi: 10.1530/REP-10-0119

 10. Faienza, MF, Francavilla, R, Goffredo, R, Ventura, A, Marzano, F, Panzarino, G, et al. 
Oxidative stress in obesity and metabolic syndrome in children and adolescents. Horm Res 
Paediatr. (2012) 78:158–64. doi: 10.1159/000342642

 11. Giordano, P, Del Vecchio, GC, Cecinati, V, Delvecchio, M, Altomare, M, De Palma, F, 
et al. Metabolic, inflammatory, endothelial and haemostatic markers in a group of Italian 
obese children and adolescents. Eur J Pediatr. (2011) 170:845–50. doi: 10.1007/
s00431-010-1356-7

 12. Ciccone, MM, Faienza, MF, Altomare, M, Nacci, C, Montagnani, M, Valente, F, et al. 
Endothelial and metabolic function interactions in overweight/obese children: the role of 
high-molecular weight Adiponectin. J Atheroscler Thromb. (2016) 23:950–9. doi: 10.5551/
jat.31740

 13. Faienza, MF, Acquafredda, A, Tesse, R, Luce, V, Ventura, A, Maggialetti, N, et al. Risk 
factors for subclinical atherosclerosis in diabetic and obese children. Int J Med Sci. (2013) 
10:338–43. doi: 10.7150/ijms.5181

 14. Faienza, MF, Santoro, N, Lauciello, R, Calabrò, R, Giordani, L, Di Salvo, G, et al. IGF2 
gene variants and risk of hypertension in obese children and adolescents. Pediatr Res. 
(2010) 67:340–4. doi: 10.1203/PDR.0b013e3181d22757

 15. Faienza, MF, Wang, DQ, Frühbeck, G, Garruti, G, and Portincasa, P. The 
dangerous link between childhood and adulthood predictors of obesity and metabolic 
syndrome. Intern Emerg Med. (2016) 11:175–82. doi: 10.1007/s11739-015-1382-6

 16. Marzano, F, Faienza, MF, Caratozzolo, MF, Brunetti, G, Chiara, M, Horner, DS, et al. 
Pilot study on circulating miRNA signature in children with obesity born small for 
gestational age and appropriate for gestational age. Pediatr Obes. (2018) 13:803–11. doi: 
10.1111/ijpo.12439

 17. Nacci, C, Leo, V, De Benedictis, L, Carratù, MR, Bartolomeo, N, Altomare, M, 
et al. Elevated Endothelin-1 (ET-1) levels may contribute to Hypoadi 
ponectinemia in childhood obesity. J Clin Endocrinol Metabol. (2013) 98:E683–93. 
doi: 10.1210/jc.2012-4119

 18. Malina, RM, Rogol, AD, Cumming, SP, Coelho e Silva, MJ, and Figueiredo, AJ. 
Biological maturation of youth athletes: assessment and implications. Br J Sports Med. 
(2015) 49:852–9. doi: 10.1136/bjsports-2015-094623

 19. Rogol, AD, Roemmich, JN, and Clark, PA. Growth at puberty. J Adolesc Health. 
(2002) 31:192–200. doi: 10.1016/S1054-139X(02)00485-8

 20 Toselli, S, Mauro, M, Grigoletto, A, Cataldi, S, Benedetti, L, Nanni, G, et al. Maturation 
selection biases and relative age effect in Italian soccer players of different levels. Biology 
(Basel). (2022) 11:1559. doi: 10.3390/biology11111559

 21. Yapici, H, Gulu, M, Yagin, FH, Eken, O, Gabrys, T, and Knappova, V. Exploring the 
relationship between biological maturation level, muscle strength, and muscle power in 
adolescents. Biology. (2022) 11:1722. doi: 10.3390/biology11121722

 22. Benedet, J, Da Silva Lopes, A, Adami, F, De Fragas Hinnig, P, and De Vasconcelos 
Fde, A. Association of sexual maturation with excess body weight and height in 
children and adolescents. BMC Pediatr. (2014) 14:72. doi: 10.1186/1471- 
2431-14-72

 23. Sweeting, HN. Gendered dimensions of obesity in childhood and adolescence. Nutr 
J. (2008) 7:1. doi: 10.1186/1475-2891-7-1

 24. Himes, JH, Obarzanek, E, Baranowski, T, Wilson, DM, Rochon, J, and 
Mcclanahan, BS. Early sexual maturation, body composition, and obesity in African-
American girls. Obes Res. (2004) 12:64s–72s. doi: 10.1038/oby.2004.270

 25. Wang, Y. Is obesity associated with early sexual maturation? A comparison of the association 
in American boys versus girls. Pediatrics. (2002a) 110:903–10. doi: 10.1542/peds.110.5.903

 26. Ribeiro, J, Santos, P, Duarte, J, and Mota, J. Association between overweight and early 
sexual maturation in Portuguese boys and girls. Ann Hum Biol. (2006) 33:55–63. doi: 
10.1080/00207390500434135

 27. Ogden, CL, Carroll, MD, Lawman, HG, Fryar, CD, Kruszon-Moran, D, Kit, BK, et al. 
Trends in obesity prevalence among children and adolescents in the United States, 1988-1994 
through 2013-2014. JAMA. (2016) 315:2292–9. doi: 10.1001/jama.2016.6361

 28. Styne, DM, Arslanian, SA, Connor, EL, Farooqi, IS, Murad, MH, Silverstein, JH, et al. 
Pediatric obesity-assessment, treatment, and prevention: an Endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab. (2017) 102:709–57. doi: 10.1210/jc.2016-2573

 29. Simmonds, M, Llewellyn, A, Owen, CG, and Woolacott, N. Predicting adult obesity 
from childhood obesity: a systematic review and meta-analysis. Obes Rev. (2016) 
17:95–107. doi: 10.1111/obr.12334

 30. Faul, F, Erdfelder, E, Lang, A-G, and Buchner, A. G* power 3: a flexible statistical 
power analysis program for the social, behavioral, and biomedical sciences. Behav Res 
Methods. (2007) 39:175–91. doi: 10.3758/BF03193146

 31. Ingebrigtsen, J, Brochmann, M, Castagna, C, Bradley, PS, Ade, J, Krustrup, P, et al. 
Relationships between field performance tests in high-level soccer players. J. Strength Cond. 
Res. (2014) 28:942–9.

 32. Khamis, HJ, and Roche, AF. Predicting adult stature without using skeletal age: The 
Khamis-Roche method. Pediatrics. (1994) 94:504–7.

 33. Malina, RM, Bouchards, C, and Bar-Or, O. Growth, Maturation and Physical Activity. 
Champaign, IL: Human Kinetics Publishers (2004).

 34. Malina, RM, Cumming, SP, Morano, PJ, Barron, M, and Miller, SJ. Maturity status of 
youth football players: A noninvasive estimate. Med. Sci. Sport. Exerc. (2005) 37:1044–52.

 35. Cumming, SP, Standage, M, Gillison, FB, Dompier, TP, and Malina, RM. Biological 
maturity status, body size, and exercise behaviour in British youth: A pilot study. J. Sport. 
Sci. (2009) 27:677–86.

 36. Neyzi, O, Günöz, H, Furman, A, Bundak, R, Gökçay, G, Darendeliler, F, et al. Weight, 
height, head circunference and body mass index referencesfor Turkish children. J. Child 
Health Dis. (2008) 51:1–14.

 37. Cdc (2021). Centers for Disease Control and Prevention [Online]. Available: https://
www.cdc.gov/healthyweight/bmi/calculator.html

 38. Yagin, B, Yagin, FH, Gozukara, H, and Colak, C. A web-based software for reporting 
guidelines of scientific researches. J. Cogn. Syst. Res. (2021) 6:39–43.

 39. Wang, YJP. Is obesity associated with early sexual maturation? Longit. Stud. Child 
Health Dev. (2002b) 110:903–10. doi: 10.1542/peds.110.5.903

 40. Li, W, Liu, Q, Deng, X, Chen, Y, Liu, S, Story, M, et al. Association between obesity 
and puberty timing: a systematic review and meta-analysis. Environ Res Public Health. 
(2017) 14:1266. doi: 10.3390/ijerph14101266

 41. Liu, M, Cao, B, Luo, Q, Wang, Q, Liang, X, Wu, D, et al. The critical BMI hypothesis 
for puberty initiation and the gender prevalence difference: Evidence from an 
epidemiological survey in Beijing, China. Front Endocrinol (Lausanne). (2022) 13:1009133. 
doi: 10.3389/fendo.2022.1009133

 42. Chen, L, Su, B, Zhang, Y, Ma, T, Liu, J, Yang, Z, et al. Association between height 
growth patterns in puberty and stature in late adolescence: a longitudinal analysis in 
Chinese children and adolescents from 2006 to 2016. Front Endocrinol (Lausanne). (2022) 
13:882840. doi: 10.3389/fendo.2022.882840

 43. Lee, JM, Wasserman, R, Kaciroti, N, Gebremariam, A, Steffes, J, Dowshen, S, et al. 
Timing of puberty in overweight versus obese boys. Pediatrics. (2016) 137:e20150164. doi: 
10.1542/peds.2015-0164

 44. Davison, KK, Susman, EJ, and Birch, LL. Percent body fat at age 5 predicts earlier pubertal 
development among girls at age 9. Pediatrics. (2003) 111:815–21. doi: 10.1542/peds.111.4.815

 45. Lee, JM, Appugliese, D, Kaciroti, N, Corwyn, RF, Bradley, RH, and Lumeng, JC. 
Weight status in young girls and the onset of puberty. Longit. Stud. Child Health Dev. (2007) 
119:e624–30. doi: 10.1542/peds.2006-2188

 46. Uldbjerg, C, Koch, T, Lim, Y-H, Gregersen, L, Olesen, C, Andersson, A-M, et al. 
Prenatal and postnatal exposures to endocrine disrupting chemicals and timing of pubertal 
onset in girls and boys: a systematic review and meta-analysis. Hum. Reprod. Update. 
(2022) 28:687–716. doi: 10.1093/humupd/dmac013

 47. Glass, DJ, Geerkens, JT, and Martin, MA. Psychosocial and energetic factors on 
human female pubertal timing: a systematized review. Evol Hum Sci. (2022) 4:e28. doi: 
10.1017/ehs.2022.24

 48. Ferrari, V, Stefanucci, S, Ciofi, D, Stagi, S, Pediatric, TM, and Gynecology, A. Analysis 
of the timing of puberty in a recent cohort of Italian girls: evidence for earlier onset 
compared to previous studies. J Pediatr Adolesc Gynecol. (2022) 35:23–9. doi: 10.1016/j.
jpag.2021.06.007

 49. Li, D, Zhang, B, Cheng, J, Chen, D, Wu, Y, Luo, Q, et al. Obesity‐related genetic 
polymorphisms are associated with the risk of early puberty in Han Chinese girls. Clin 
Endocr. (2022) 96:319–27. doi: 10.1111/cen.14631

 50. Stone, T., Dipietro, L., and Stachenfeld, N.S. (2021). Exercise Treatment of Obesity. 
Endotext.

https://doi.org/10.3389/fnut.2023.1139179
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.who.int/news-room/questions-and-answers/item/noncommunicable-diseases-childhood-overweight-and-obesity
https://www.who.int/news-room/questions-and-answers/item/noncommunicable-diseases-childhood-overweight-and-obesity
https://doi.org/10.1093/bmb/ldr002
https://doi.org/10.1016/j.obmed.2020.100282
https://doi.org/10.1111/j.1467-789X.2012.01015.x
https://doi.org/10.1038/ijo.2010.222
https://doi.org/10.1016/S0140-6736(14)61746-3
https://doi.org/10.1186/1471-2458-13-495
https://doi.org/10.1186/s12887-022-03473-1
https://doi.org/10.1530/REP-10-0119
https://doi.org/10.1159/000342642
https://doi.org/10.1007/s00431-010-1356-7
https://doi.org/10.1007/s00431-010-1356-7
https://doi.org/10.5551/jat.31740
https://doi.org/10.5551/jat.31740
https://doi.org/10.7150/ijms.5181
https://doi.org/10.1203/PDR.0b013e3181d22757
https://doi.org/10.1007/s11739-015-1382-6
https://doi.org/10.1111/ijpo.12439
https://doi.org/10.1210/jc.2012-4119
https://doi.org/10.1136/bjsports-2015-094623
https://doi.org/10.1016/S1054-139X(02)00485-8
https://doi.org/10.3390/biology11111559
https://doi.org/10.3390/biology11121722
https://doi.org/10.1186/1471-2431-14-72
https://doi.org/10.1186/1471-2431-14-72
https://doi.org/10.1186/1475-2891-7-1
https://doi.org/10.1038/oby.2004.270
https://doi.org/10.1542/peds.110.5.903
https://doi.org/10.1080/00207390500434135
https://doi.org/10.1001/jama.2016.6361
https://doi.org/10.1210/jc.2016-2573
https://doi.org/10.1111/obr.12334
https://doi.org/10.3758/BF03193146
https://www.cdc.gov/healthyweight/bmi/calculator.html
https://www.cdc.gov/healthyweight/bmi/calculator.html
https://doi.org/10.1542/peds.110.5.903
https://doi.org/10.3390/ijerph14101266
https://doi.org/10.3389/fendo.2022.1009133
https://doi.org/10.3389/fendo.2022.882840
https://doi.org/10.1542/peds.2015-0164
https://doi.org/10.1542/peds.111.4.815
https://doi.org/10.1542/peds.2006-2188
https://doi.org/10.1093/humupd/dmac013
https://doi.org/10.1017/ehs.2022.24
https://doi.org/10.1016/j.jpag.2021.06.007
https://doi.org/10.1016/j.jpag.2021.06.007
https://doi.org/10.1111/cen.14631


Gülü et al. 10.3389/fnut.2023.1139179

Frontiers in Nutrition 10 frontiersin.org

 51. Han, X. Lipidomics for studying metabolism. Nat Rev Endocrinol. (2016) 12:668–79. 
doi: 10.1038/nrendo.2016.98

 52. Latino, F, Cataldi, S, Carvutto, R, De Candia, M, D'elia, F, Patti, A, et al. The 
importance of Lipidomic approach for mapping and exploring the molecular networks 
underlying physical exercise: a systematic review. Int J Mol Sci. (2021) 22:8734. doi: 
10.3390/ijms22168734

 53. Beunen, G, and Malina, RM. “Growth and biologic maturation: relevance to athletic 
performance” in The Young Athlete, vol. 1. eds. H. Hebestreit and O. Bar-Or (Wakefield, MA, 
USA: Blackwell Publishing) (2008). 3–17.

 54. Cengizel, CO, Oz, E, and Cengizel, EJ. Short-term plyometric and jump rope training 
effect on body profile and athletic performance in adolescent basketball players. Int J Sport 
Stud Health. (2022) 5:5. doi: 10.5812/intjssh-132585

https://doi.org/10.3389/fnut.2023.1139179
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1038/nrendo.2016.98
https://doi.org/10.3390/ijms22168734
https://doi.org/10.5812/intjssh-132585

	Is early or late biological maturation trigger obesity? A machine learning modeling research in Turkey boys and girls
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Procedures
	2.3. Measurements
	2.3.1. Anthropometric measurements
	2.3.2. Sitting height measurement
	2.3.3. Somatic maturation
	2.3.4. Obesity classification
	2.3.5. Data analysis

	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

