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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 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, ηp2 = 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.



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.
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FIGURE 1
 Ages of the participants by 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).



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


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).



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


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; p1 = 0.195) and obesity (F = 0.232; p2 = 0.763) had no main effects (Table 4; Figure 4).



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


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).



TABLE 5 Changes in the leg length of the participants according to the maturity and obesity groups.
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FIGURE 5
 The leg length according to maturity and obesity groups of participants.


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 6 Logistic regression results.
[image: Table6]

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.



TABLE 7 Results of performance metrics for Lojistic regression model maturity prediction.
[image: Table7]



4. Discussion

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