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Abstract 22 

Background: Body mass index and skeletal age are important indicators of individual growth and 23 

maturation. The recognition of their association could contribute to the prevention of childhood obesity 24 

and accelerated skeletal maturation. This study aimed to examine the effects of overweight and obesity on 25 

accelerated skeletal maturation in preschool children.  26 

Methods: Participants included 1330 children aged 3.1-6.6 years. The main outcomes were skeletal age 27 

assessed by left hand-wrist radiograph, and body mass index classified as thinness, normal weight, 28 

overweight and obesity.  29 

Results: The percentage of accelerated skeletal maturation increased with body mass index (x
2
 = 89.442, 30 

df = 3, P <0.01) and age group (x
2
 = 43.417,df = 5, P <0.01). Logistic regression analysis showed a 31 

higher risk of accelerated skeletal maturation in children with overweight and obesity than children with 32 

normal weight after adjusting for gender and age (Overweight, OR = 3.27, 95% CI: 2.20-4.87; Obese, OR 33 

= 4.73, 95% CI: 2.99-7.48).  34 

Conclusions: Accelerated skeletal maturation was associated with overweight and obesity in preschool 35 

children, and its prevalence increased with age. These findings suggest that parents and child-health 36 

managers should be aware of an existing risk of accelerated skeletal maturation in preschool children with 37 

overweight and obesity. 38 

Keywords: Pediatric obesity, Relative skeletal age, Advanced bone age, Growth and maturation, Body 39 

mass index. 40 
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Background 44 

Overweight and obesity are defined by the World Health Organization as an abnormal or excessive 45 

accumulation of fat that presents a risk to health [1]. The American Academy of Pediatrics stated that 46 

overweight and obesity are currently the most common medical conditions of childhood [2]. Compared to 47 

children with normal-weight, children with overweight have at least twice the risk of becoming 48 

overweight adults [3], which can lead to premature death or disability in adulthood. In addition to 49 

increased future risks, children with obesity experience breathing difficulties, increased risk of fractures, 50 

hypertension, early markers of cardiovascular disease, insulin resistance and psychological effects [1]. 51 

Body Mass Index (BMI), which is widely used as the standard clinical measure of overweight and obesity 52 

in adults, has been accepted in a growing number of studies on childhood obesity, especially following 53 

the provision of cutoff points for BMI in childhood by the International Obesity Task Force (IOTF) [4]. 54 

Skeletal age (SA), which is distinct from chronological age (CA), has been the most commonly used 55 

indicator of physiological maturation in children older than 3 years. It is usually measured by X-ray 56 

radiographs (of the left hand and wrist), and can provide information on many ossification centers. The 57 

difference between SA and CA indicates whether a child’s level of skeletal maturation is advanced, 58 

normal or delayed compared to standard growth. Therefore, SA assessment is frequently performed in 59 

children and adolescents for excluding underlying disorders involving the growth hormone or sex steroid 60 

pathways, such as early or late puberty [5], hypertension [6], skeletal dysplasia, short or tall stature, 61 

growth hormone deficiency, and congenital adrenal hyperplasia [7, 8]. In addition, skeletal maturation is 62 

used in the prediction of a female child’s menarche age, and final height alongside the CA and body 63 

height.  64 

BMI and SA are important indicators of individual growth and maturation, which are closely related [9]. 65 

In addition, obesity and abnormal skeletal maturation are the main problems of growth and maturation. 66 

Different outcomes were obtained in previous studies on the association between skeletal maturation and 67 
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BMI. Results obtained from a study demonstrated no association between overweight or obesity and 68 

significantly accelerated skeletal maturation in adolescents [10]. Instead, most studies reported that 69 

overweight and obesity tend to affect skeletal maturation more than normal weight in children and 70 

adolescents [11-13]. However, to our knowledge, there are fewer studies on the association between 71 

skeletal maturation and BMI in children younger than 6 years. As the prevalence of obesity in preschool 72 

children gradually increases, the occurrence of accelerated skeletal maturation should be a concern; this is 73 

because the existence of an association could lead to a vicious circle, in which overweight and accelerated 74 

skeletal maturation reinforce each other. However, an early recognition of the association between 75 

childhood obesity and accelerated skeletal maturation could prompt a timely obesity management and 76 

prevention intervention, which might provide an opportunity to positively affect skeletal maturation 77 

before the onset of puberty disorders that are prevalent in adolescents. 78 

Based on the aforementioned facts, this cross-sectional study aimed to: 1) explore the association between 79 

BMI and skeletal maturation in preschool children, and 2) discover whether children with overweight and 80 

obesity have a higher risk of accelerated skeletal maturation than children with normal-weight and 81 

thinness. 82 

Methods 83 

Participants 84 

In total, 1330 Chinese children (730 males, 4.9 ± 0.8 years; 600 females, 4.8 ± 0.8 years) living in 85 

Shanghai were registered for this study at school entry (autumn 2019). The phenotype was classified into 86 

thinness, normal, overweight (excluding children with obesity) and obese group according to the BMI 87 

cut-offs of the International Obesity Task Force (IOTF) [4] (Table 1), and children with illness were 88 

excluded. Written study information and informed consent forms were sent to the participants’ parents by 89 

the study team. In addition, teachers in each kindergarten received study introduction content. The 90 

children were formally included in the study when the informed consent forms were received.  91 
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The weights (kg) and heights (cm) of the children were measured to 0.1 kg and 0.1 cm, respectively, 92 

without shoes and coats on. In the measurement of body height, the child stood upright on a mechanical 93 

stadiometer (Ningbo Finer Medical Instruments Co., Limited, Zhejiang, China) with the heels close 94 

together, and the toes approximately 60° apart; the heels, buttocks, and scapulae were in contact with the 95 

backboard of the stadiometer and the head was positioned in a horizontal plane. In the measurement of 96 

body weight, the child naturally stood in the center of an OMRON body fat and weight measurement 97 

device (V-BODY HBF-371, Omron, Japan) until the data stabilized. Notably, BMI was calculated using 98 

the equation below: 99 

 BMI (kg/m
2
) = Weight (kg) / Height (m

2
).   100 

Skeletal Maturation 101 

Radiographs of the left hand and wrist were taken with a digital portable X-ray apparatus (MOVIX4.0+D 102 

Ream, Stephanie, France). Following this, the investigator assisted the children in placing their left palms, 103 

face downwards in contact with the film, with the axis of the middle finger directly in line with that of the 104 

forearm, and the fingers naturally separated to remain contactless. Notably, a lead protective box was 105 

attached to the device to protect the child.  106 

The skeletal maturation assessment was performed by comparing the obtained X-ray Film with the 107 

standard of Tanner–Whitehouse 3-Chinese Radius–Ulna–Short bones (TW3-C RUS) [14]. In total, 13 108 

bones (the proximal, middle and distal phalanges, the first, third and fifth metacarpals, the carpals, and, 109 

lastly, the distal radius and ulna) were compared to the standards published in the Atlas of Skeletal 110 

Maturation; maturity scores were estimated and converted to SA. The reliability of SA evaluation was 111 

analyzed following the method used in a study by Chaumoitre et al. [15]. In this study, the radiographs 112 

were analyzed by the same observer following the standard of TW3-C RUS. To evaluate inter- and 113 

intra-observer variations, fifty randomly selected X-rays photographs were assessed by a second observer, 114 

and re-assessed by the first observer after two months.  115 
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Individual’s CA was measured by subtracting the calendar birth date of the child from the test date. The 116 

CA of participants ranged between 3.1 to 6.6 years, which was classified into six groups for analysis (3.5 117 

years (3.1-3.9), 4.0 years (4.0-4.4), 4.5 years (4.5-4.9), 5.0 years (5.0-5.4), 5.5 years (5.5-5.9), and 6.0 118 

years (6.0-6.6)). Skeletal maturation was expressed as relative SA, which is the difference between SA 119 

and CA (SA - CA).  120 

Statistical Analysis 121 

Data were entered into an Excel spreadsheet and imported into SPSS Statistics for Mac. Version 21.0 122 

(IBM Co., Armonk, NY, USA) for statistical analysis. 123 

All variables were expressed as mean ± standard deviation (SD). The relative SA was compared with 124 

one-way analysis of variance (one-way ANOVA) in BMI groups. The differences between SA and CA 125 

were evaluated by the paired T-test. On the contrary, differences between males and females were 126 

analyzed by the independent sample T-test. Next, the chi-square test was performed to evaluate the 127 

percentage difference in participants (with accelerated SA) in the gender, BMI and age groups. Adjusted 128 

odds ratio (OR) and 95% confidence interval (CI) values were obtained from a logistic regression model 129 

(for accelerated SA) as dependent variables, with gender, age and BMI levels as predictors. Notably, 130 

Goodness-of-fit of the model was estimated using the Hosmer-Lemeshow test. 131 

Reliability analyses of inter- and intra-observer variations were evaluated using the Pearson linear 132 

correlation coefficient and Intra-class Correlation Coefficient (ICC), respectively. Of note, the differences 133 

were considered statistically significant at P <0.05.  134 

Results 135 

Concerning inter-observer variations, the Pearson correlation coefficient and ICC were 0.935 (P <0.001) 136 

and 0.890 (P <0.001), respectively. On the contrary, the Pearson correlation coefficient and ICC were 137 
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0.973 (P <0.001) and 0.894 (P <0.001), respectively, in the intra-observer variations. Notably, all values 138 

indicated excellent reliability. 139 

Characteristics of the participants  140 

In this study, according to the IOTF cutoff points of BMI (for thinness, overweight and obesity) by 141 

gender and age, which is based on international data and linked to the widely acceptable adult cutoff 142 

points of BMI (18.5, 25 and 30 kg/m
2 
for male and female) (Table 1), participants were classified into the 143 

following groups: thinness group (102, 7.7%), normal-weight group (796, 59.8%), overweight group 144 

(excluding children with obesity) (286, 21.5%) and the obese group (146, 11.0%).  145 

The basic information of the study participants is shown in Table 2. The sample consisted of 1330 146 

participants (730 males, 54.9%; 600 females, 45.1%). There was no significant difference in CA, SA and 147 

relative SA between males and females. The body height, body weight and BMI were significantly higher 148 

in males than females (P <0.01). 149 

The results of the paired t-test showed that, the SA was significantly lower than CA in thinness and 150 

normal-weight groups; however, SA was significantly higher than CA in overweight and obese groups (P 151 

<0.01), excluding females with overweight.  152 

Skeletal maturation and BMI levels 153 

As shown in Table 2 and Figure 1, the trend of relative SA increased with BMI in both gender groups. 154 

The one-way ANOVA revealed significant differences in relative SA between BMI groups in both sexes 155 

(P <0.05).  156 

Next, their significance was determined using the least significance difference (LSD) post hoc test. In 157 

males, the change in mean relative SA was -0.5, -0.3, 0.2 and 0.4 years in the thinness, normal-weight, 158 

overweight and obese groups, respectively. Although there was no significant difference in the relative 159 
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SA between the overweight and obese groups, and between the normal weight and thinness groups, the 160 

relative SA in both obese and overweight groups was significantly greater than normal and thinness 161 

groups (P <0.01) (Figure 1a). In females, the post hoc test indicated that differences in relative SA were 162 

significantly different among all groups in the following order: obese (0.5 years) > overweight (0.2 163 

years) > normal (-0.2 years) > thinness (-0.5 years) (P <0.01) (Figure 1b). 164 

The relationship between SA and CA is illustrated in Figure 2. In thinness and normal-weight groups, SA 165 

tended to be lower than CA: 69.6% of children with thinness (29 males, 42 females) (Figure 2a) and 64.7% 166 

of children with normal-weight (284 males, 231 females) (Figure 2b) had a SA lower than CA. On the 167 

contrary, SA tended to be higher than CA in overweight and obese groups: 58.0% of children with 168 

overweight (103 males, 63 females) (Figure 2c) and 61.0% of children with obesity (52 males, 37 females) 169 

(Figure 2d) had a SA greater than CA. There were significant differences in the ratio of SA to CA 170 

between the BMI groups (male, x
2 
= 48.73, df = 3, P <0.001; female, x

2 
= 26.22, df = 3, P <0.01); 171 

however, no differences were observed between males and females. 172 

A scatter plot was plotted to visually determine the linear relationship between SA and CA; the regression 173 

lines and equations are superimposed on the graph. According to the linear regression model, a greater 174 

difference between SA and CA was observed with an increase in CA in the obese group.  175 

Accelerated skeletal maturation 176 

In this study, accelerated skeletal maturation was defined as a relative SA over 1.0 year, which reflects 177 

physiological variations of abnormal skeletal maturation [6, 9,16]. 178 

The age of the participants ranged between 3.1 and 6.6 years. During the analysis, the six groups were 179 

classified as follows: 3.5 years (3.1-3.9), 4.0 years (4.0-4.4), 4.5 years (4.5-4.9), 5.0 years (5.0-5.4), 5.5 180 

years (5.5-5.9), and 6.0 years (6.0-6.6). The next section of the results (Table 3) describes the ratio of 181 

accelerated skeletal maturation in gender, age and BMI groups. In this study, 12.9% of males, and 13.0% 182 
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of females had accelerated skeletal maturation. Correspondingly, 7.8%, 7.0%, 22.0%, and 30.8% of the 183 

participants with thin, normal-weight, overweight and obesity demonstrated accelerated skeletal 184 

maturation. In the six age groups, the percentages were 3.8%, 13.1%, 10.5%, 13.5%, 16.9%, and 27.8% in 185 

3.5, 4, 4.5, 5, 5.5 and 6.0 years group, respectively. No significant differences were observed in the 186 

gender groups by the Chi-square test. However, significant differences were observed in both BMI (x
2 
= 187 

89.442, df = 3, P <0.01) and age groups (x
2 
= 43.417, df = 5, P <0.01).  188 

In addition, logistic regression analysis was used in the assessment of the effects of age, gender, and BMI 189 

groups on the accelerated SA of the participants. Consequently, the obtained logistic model had a 190 

statistical significance (x
2
 = 97.86, P <0.01). According to the Hosmer-Lemeshow goodness-of-fit 191 

statistics (P = 0.812), the estimated model appropriately fitted the data with a good ability of predicting 192 

87.1% of the participants. The results of Binary logistic regression analysis of accelerated SA are 193 

presented in Table 4. 194 

After adjusting the two other independent variables (gender and age) in this model, compared with the 195 

normal-weight group, participants with overweight and obesity had an increased risk of accelerated SA 196 

(Overweight, OR = 3.27, 95% CI: 2.20-4.87; Obese, OR = 4.73, 95% CI: 2.99-7.48).  197 

Discussion 198 

The main finding was that, 30.8% of preschool children with obesity were diagnosed with accelerated 199 

skeletal maturation (Table 3), expressed as relative SA (SA-CA) ≥1 year. In addition, children with 200 

obesity were 4.73 times more likely to develop accelerated skeletal maturation than children with 201 

normal-weight (Table 4). These results supported the findings of previous research on children and 202 

adolescents [10, 11, 13]. Second, 64.7% (515/796) of children with normal-weight had a SA lower than 203 

CA (Figure 2b) in this study, which disagrees with a previous study that encouraged a general 204 

advancement with an improvement in the nutritional level of modern people [17]. Third, no statistical 205 

difference was observed in relative SA between males and females among children aged 3-6 years (Table 206 
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2); this result was inconsistent with a previous conclusion that the development of SA occurs earlier in 207 

females than males from birth to early adolescence [18]. 208 

Although previous studies have noted an association between skeletal maturation and obesity in children 209 

and adolescents, the results were not uniform. This study was a typical sufficient sample size survey on 210 

Chinese preschool children. The results showed that the occurrence of accelerated SA increased with the 211 

BMI: 22.0% and 30.8% of children with overweight and obesity, respectively, developed accelerated SA 212 

compared to only 7.8% and 7.0% of children with thinness and normal-weight (Table 3). This result was 213 

in agreement with majority of previous studies that demonstrated a positive correlation between the 214 

degree of obesity and skeletal maturation in children with an average age of 10 years [12, 19, 20]. Russell 215 

et.al indicated that the effect of genetics on skeletal maturation was persistent with differences in obesity 216 

[21]. Although there are correlations between skeletal maturation and body stature, these correlations do 217 

not imply causation; however, they either interacted with each other or correlated with another cardinal 218 

factor. 219 

It is known that body stature and skeletal maturation during childhood and adolescence are influenced by 220 

endocrine and paracrine factors, such as genes, nutrition status, and hormones. In previous studies, several 221 

endocrine factors of obesity have been studied, such as hyperinsulinemia, growth hormone (GH) 222 

concentration, insulin-like growth factor-1 (IGF-1), cortisol turnover, and levels of estrogens. Skeletal 223 

maturation is controlled by complex hormonal interactions involving estrogens, androgens, and the 224 

GH/IGF- 1 axis [22]. 225 

Several studies have shown that these hormones play a role in the relationship between skeletal 226 

maturation and obesity. Pinhas-Hamiel et al. indicated that insulin appears to play a role in the association 227 

between accelerated SA and obesity, and suggested that hyperinsulinemia >30 mIU/L was the strongest 228 

predictor of accelerated SA [12]. Based on the evidence, the increased leptin, IGF-1 and sex hormone 229 

levels might be implicated in accelerated skeletal maturation in obesity [20]. However, other studies 230 
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demonstrated no correlation between leptin and SA [11, 23]. Some evidence suggested that adrenal 231 

androgen plays a central role in accelerated skeletal maturation in children and adolescents with obesity 232 

[24]. Sopher et al. have demonstrated a synergistic effect between premature adrenarche and obesity on 233 

accelerated skeletal maturation [11]. These previous studies have shown an internal connection between 234 

skeletal maturation and obesity, and a combination of multiple hormones affects them. However, previous 235 

study participants were at puberty, and there was no evidence for the underlying mechanism of the 236 

association between obesity and accelerated SA in preschool children. To our knowledge, growth 237 

hormone and thyroid hormones play the main role in the growth of preschool children; GH acts mainly 238 

through IGF-1 [25, 26]. Therefore, this study speculated that the interaction of growth hormone and 239 

IGF-1 might play the greatest role in accelerating skeletal maturation in preschool children with 240 

overweight and obesity. The higher level of body fat in children with obesity leads to increased levels of 241 

growth hormone and IGF-1, which affects skeletal development. Concerning the underlying mechanism, 242 

further physiological study is needed to clarify the association between BMI and SA acceleration in 243 

preschool children. 244 

The process of skeletal maturation involves the transformation of the cartilaginous epiphyseal growth 245 

plate into bone, which proceeds with the maturation and growth of a child. Once the epiphyseal plate 246 

ossifies, an individual reaches the final adult height. Skeletal maturation can facilitate the understanding 247 

of a child's growth and development level, sexual maturation trend, and height growth space. Children 248 

with overweight and obesity are often observed to have accelerated linear growth, and to undergo sexual 249 

maturation at an earlier age than children with normal-weight [27]. However, the temporary increase in 250 

height during childhood would be compensated by an earlier pubertal maturation, and a subnormal height 251 

gain in adolescence; this would not be beneficial from a final height perspective [28, 29]. This 252 

phenomenon could be explained by the following reasons; Skeleton maturation is influenced by adipose 253 

tissue, leading to an increased risk of accelerated skeletal maturation in children with overweight and 254 
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obesity. In addition, accelerated skeletal maturation may lead to the early fusion of the epiphyseal growth 255 

plates, resulting in a compromised adult height.  256 

The occurrence of a secular trend was noted in skeletal maturation in South African children (both white 257 

and black) [30]. Boeyer indicated that the initiation and completion of epiphyseal fusion occur at 258 

substantially younger ages in normally developing children born in 1995 than those born in 1935 (both 259 

male and female) [17]. These studies indicated that the secular trend of earlier maturation is attributed to 260 

the removal of growth constraints through improved nutrition, healthcare, and socioeconomic 261 

environments [26, 31]. However, the participants in this study were below 6.5 years of age, and the result 262 

showed an overall average SA lower than CA, especially in children with normal-weight, at a rate of 263 

64.7%. In addition to the difference in age groups of the study participants, it could also be due to ethnic 264 

and geographical differences. This result suggested that a follow-up research is necessary to explore the 265 

regularity of skeletal maturation and obesity changes with age. 266 

The results of this study showed that among preschool children aged 3-6 years; height, weight, and BMI 267 

were significantly higher in males than females (which was consistent with previous studies) [32]. In 268 

terms of skeletal maturation, previous studies indicated an increasing gender difference [33] from birth 269 

(female’s skeletal maturation being 4 – 6 weeks more advanced than males) [18] to early adolescence (at 270 

a difference of 1.9 years) [34]. However, our results revealed no gender differences in skeletal maturation 271 

among children aged 3 to 6 years. It was therefore speculated according to the result mentioned earlier, 272 

that skeletal maturation is related to BMI. In this study, the overall BMI was significantly higher in males 273 

than females; this might balance the early development of females described in the previous study. As a 274 

result, no difference was observed in the average relative SA between males and females; on the contrary, 275 

this may be related to the ethnicity of study participants, and the different methods employed in the 276 

measurement of SA. 277 
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This study has some limitations related to the geographic and racial differences of the study participants 278 

(Han children from Shanghai, China). In addition, the standard of TW3-C RUS was employed in the 279 

assessment of skeletal maturation [14]; it is specifically for Chinese children based on TW3, and may be 280 

different from the Greulich-Pyle [35]. These may limit the generalizability of the results to children of 281 

different races in the population, and even children from other provinces in China. Another limitation is 282 

that this study was a cross-sectional survey, and could only demonstrate an association between childhood 283 

obesity and accelerated skeletal maturation; however, it could not clarify the causal relationship. 284 

Nevertheless, the observations provided evidence of an association between accelerated skeletal 285 

maturation, and overweight and obesity as early as preschool age. In addition, accelerated skeletal 286 

maturation increased with CA. This suggests that, besides other negative effects related to obesity (such 287 

as physical and psychological problems, and future disease risks), parents should additionally be informed 288 

about an existing risk of accelerated skeletal maturation in preschool children with overweight and 289 

obesity, which might be associated with early puberty, and a reduction in final height. Interventions such 290 

as increasing levels of physical activity and dietary modifications should be employed as soon as obesity 291 

is observed [36, 37], even in preschool children. It is, therefore, necessary to conduct a further 292 

interventional study on physical activity and nutrition, as well as long-term follow-up studies to provide 293 

more reference values for the practical application of BMI management and skeletal maturation.  294 
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Confidence interval; ICC: Intra-class Correlation Coefficient; GH: Growth hormone; IGF-1: Insulin-like 298 

growth factor-1. 299 
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Tables 480 

Table 1. Revised international IOTF BMI cut-offs (kg/m
2
) using the pooled LMS curves [4]  481 

Age 

(years) 

Males Females 

BMI 18.5
*
 BMI 25

*
 BMI 30

*
 BMI 18.5

*
 BMI 25

*
 BMI 30

*
 

Thinness Overweight Obese Thinness Overweight Obese 

3.0-3.49 14.83 17.85 19.50 14.60 17.64 19.38 

3.5-3.99 14.66 17.66 19.33 14.44 17.48 19.25 

4.0-4.49 14.51 17.52 19.23 14.30 17.36 19.16 

4.5-4.99 14.38 17.43 19.20 14.16 17.27 19.14 

5.0-5.49 14.26 17.39 19.27 14.04 17.23 19.20 

5.5-5.99 14.15 17.42 19.46 13.93 17.25 19.36 

6.0-6.49 14.06 17.52 19.76 13.85 17.33 19.62 

6.5-6.99 14.00 17.67 20.15 13.81 17.48 19.96 

*
Indicates BMI centile corresponding to BMI at age 18 using pooled LMS-based cut-offs.  482 

IOTF: International Obesity Task Force, BMI: Body Mass Index, LMS: smooth (Lambda), mean (Mu), 483 

coefficient of variation (Sigma).  484 

 485 

 486 

 487 

 488 

 489 

 490 

 491 

 492 

 493 
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Table 2. Anthropometric characteristics of the participants in the BMI and gender groups (mean ± SD)  494 

Group N 

CA 

(years) 

SA    

(years) 

Relative 

SA (years) 

BMI 

(kg/m
2
) 

Weight    

(kg) 

Height     

(cm) 

Total 1330 4.9±0.8 4.8±1.2
**

 -0.1±0.9 16.8±2.1 20.8±4.6 110.7±7.8 

Males 730 4.9±0.8 4.8±1.2
*
 -0.1±0.9 17.0±2.1 21.3±4.7 111.4±7.7 

Females 600 4.8±0.8 4.8±1.2
**

 -0.1±0.9 16.5±2.2
##

 20.2±4.5
##

 109.9±7.7
##

 

Thinness 102 4.8±0.8 4.4±1.2
**

 -0.5±0.9 13.7±0.7 16.6±1.9 110.0±7.0 

Males 46 4.8±0.8 4.4±1.3
**

 -0.4±0.9 13.9±0.6 17.0±1.9 110.5±6.9 

Females 56 4.8±0.8 4.3±1.2
**

 -0.5±0.9 13.6±0.7
#
 16.3±1.9 109.6±7.0

##
 

Normal 796 4.7±0.8 4.5±1.0
**

 -0.3±0.8 15.9±0.9 18.9±2.6 108.8±7.1 

Males 431 4.8±0.8 4.5±1.1
**

 -0.3±0.8 16.0±0.8 19.2±2.6 109.4±7.0 

Females 365 4.7±0.8 4.5±1.0
**

 -0.2±0.8 15.8±0.9
##

 18.5±2.6
##

 108.2±7.1
#
 

Overweight  286 5.1±0.9 5.3±1.2
**

 0.2±0.9 18.2±0.6 23.5±3.3 113.2±7.6 

Males 167 5.1±0.9 5.4±1.2
**

 0.3±0.8 18.4±0.6 23.8±3.5 113.6±7.7 

Females 119 5.1±0.8 5.2±1.3 0.2±1.0 18.1±0.5
##

 23.0±3.1
#
 112.6±7.5 

Obese 146 5.3±0.8 5.8±1.4
**

 0.4±1.1 21.1±1.9 28.7±4.9 116.3±8.0 

Males 86 5.3±0.7 5.7±1.3
**

 0.4±1.0 21.1±1.7 29.1±4.5 117.3±7.6 

Females 60 5.3±0.8 5.8±1.5
**

 0.5±1.1 21.1±2.0 28.1±5.3 114.9±8.4 

BMI: Body Mass Index,
 
SD: Standard Deviation, CA: Chronological Age, SA: Skeletal Age, relative SA: 495 

relative skeletal age (SA - CA). Statistics for SA vs. CA in columns,
 *
: P <0.05, 

**
: P <0.01.  

                                                     
496 

Statistics for males vs females in rows, 
#
: P <0.05, 

##
: P <0.01. 497 

 498 

 499 

 500 

 501 
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Table 3. Chi-Square Test for the percentage of relative SA above 1.0 year in the gender, BMI and age 502 

groups. 503 

Group N (%) x
2
 df Sig. 

Gender         

Male (n=730) 94 (12.9%) 

0.000 1 ns 

Female (n=600) 78 (13.0%) 

BMI     

Thinness (n=102) 8 (7.8%) 

89.442 3 ** 

Normal (n=796) 56 (7.0%) 

Overweight (n=286) 63 (22.0%) 

Obese (n=146) 45 (30.8%) 

Age 
a
 

 

    

 

3.5 y (n=234) 9 (3.8%) 

43.417 5 ** 

4.0 y (n=176) 23 (13.1%) 

4.5 y (n=276) 29 (10.5%) 

5.0 y (n=282) 38 (13.5%) 

5.5 y (n=254) 43 (16.9%) 

6.0 y (n=108) 30 (27.8%) 

BMI: body mass index. Relative SA: relative skeletal age (skeletal age -chronological age).       504 

**: P <0.01. 
a
: 3.5 years (3.1 - 3.9 years), 4.0 years (4.0 - 4.4 years), 4.5 years (4.5 - 4.9 years), 5.0 years 505 

(5.0 - 5.4 years), 5.5 years (5.5 - 5.9 years), 6.0 years (6.0 - 6.6 years). 506 

 507 

 508 

 509 

 510 
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Table 4. Logistic regression analysis of accelerated skeletal maturation (SA – CA ≥1.0 years), adjusting 511 

gender and age. 512 

Variable OR (95%CI) Sig. 

BMI 

 

  

Normal 1.00 (reference) 

 

Thinness 1.08 (0.50 - 2.35) ns 

Overweight 3.27 (2.20 - 4.87) ** 

Obese 4.73 (2.99 - 7.48) ** 

SA: skeletal age, CA: chronological age,   513 

CI = confidence interval; OR = odds ratio.  **: P <0.01. 514 

 515 

 516 

 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 

 526 

 527 

 528 

 529 

 530 

 531 

 532 

 533 

 534 
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Figure legends 536 

Figure 1. Boxplot of relative skeletal age (SA) according to body mass index (BMI) group in (a) males 537 

and females (b). Greater relative SA indicates earlier maturation. Boxplot shows the median and 538 

interquartile ranges; whiskers indicate the range of 95% confidence interval (CI). The difference in 539 

significance among groups was examined by one-way analysis of variance (ANOVA) and least 540 

significant difference (LSD) post hoc test. 541 

 542 

Figure 2. Scatter plots between skeletal age (SA) and chronological age (CA) in thinness (a), 543 

normal-weight (b), overweight (c) and obese (d) group. Regression lines with 95% CI (the dotted curves) 544 

and equations are superimposed on the graph. Black circles and line represent males; grey circles and line 545 

represent females; the dotted solid line is the reference line: SA = CA.  546 


