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Objectives: The goal of this study was to develop regression equations to estimate LM with anthropometric variables and to propose percentiles for evaluating by age and sex.

Methods: A cross sectional study was conducted with 2,182 Chilean students (1,347 males and 835 females). Ages ranged from 5.0 to 17.9 years old. A total body scan was carried out with the double energy X-ray anthropometry (DXA) to examine and measure lean muscle mass of the entire body. Weight, height, and the circumference of the relaxed right arm were also measured.

Results: Four anthropometric equations were generated to predict lean mass for both sexes (R2 = 83–88%, SEE = 3.7–5.0%, precision = 0.90–0.93, and accuracy = 0.99). The Lambda-mu-sigma method was used to obtain the sex-specific and age-specific percentile curves of lean mass (p3, p5, p10, p15, p25, p50, p75, p85, p90, p95, and p97).

Conclusion: The four proposed equations were acceptable in terms of precision and accuracy to estimate lean mass in children and adolescents. The percentiles were created by means of anthropometric equations and real values for DXA. These are fundamental tools for monitoring LM in Chilean children and adolescents of both sexes.
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INTRODUCTION

Muscle mass or lean mass (LM) is an essential component of body composition. Furthermore, it plays an important role in maintaining posture and normal movement for adults as well as for children and adolescents (1).

Actually, measurement of the LM is considered to be an important component of the nutritional status of children and adolescents. Increasingly, it is recognized as an independent marker of metabolic health (2) and physical performance that allows verification of changes in the LM due to the effects of physical training (3).

In general, various methods exist to evaluate the LM: criterion and/or gold standard. For example, some of these include the multiple magnetic resonance imaging scan (MRI), computerized axial tomography scan (CAT) (4), total body potassium analysis (5), bio-electric impedance (6), and the Dual X-ray Absorptiometry scan (DXA) (7), among others.

The DXA is the preferred technological method for detecting body composition that provides information about a body model with three components: lean mass (LM), fat mass (FM), and bone mass (BM). This method stands out as one of the most accurate and applicable for assessing bone mineralization and body composition in pediatric populations (8).

In fact, despite DXA's utility and significant advantages, it has some limitations above all when it is necessary to carry out population studies, especially in primary care. This is due, particularly, to the high cost of the exam, the necessity for trained certified professional operators, and the need for available specialized infrastructure that limit its use to laboratory conditions (9, 10).

In this context, estimations of LM based on anthropometric variables are potentially useful, especially when studying young individuals during the growth phase and biological maturation (10). These indicators together may specifically be adjusted to each body size to more accurately identify the LM. Moreover, it may be a low cost and easy to use alternate method in epidemiological contexts (11).

As a result, the weight and height variables are continually used as indicators of physical growth and nutritional status in the short term and long run. In addition, arm circumference is used as an alternative means of detecting malnutrition since it provides estimates for muscle mass and fat reserves (12).

Thus, the relationship of these variables together could help develop equations in order to estimate the muscle mass of children and adolescents in large populations, reducing evaluation costs and time. Essentially, this would avoid exposure to radiation in the future.

As a result, LM is important in studying nutritional, physiological, and metabolic processes (13). In addition, LM plays a fundamental role in growth maintenance, normal development, and systemic glucose metabolism in children (14). Based on the need for a non-invasive method to estimate LM in children and adolescents in Chile, this study had two objectives: (a) develop regression equations to estimate LM using anthropometric variables and (b) propose percentiles for evaluating LM based on age and sex.

Furthermore, although a number of international studies have been carried out in recent years with some of these characteristics, to date, no studies have been conducted in Chile using LM, anthropometric variables, regression equations, and percentiles (2, 14, 15). It is important to highlight that the reference data may provide relevant information, not only for DXA as a laboratory method, but also for using regression equations based on anthropometric variables as a field method.

In general, independent from the uses and applications, both objectives may be useful in the health sciences and sports sciences contexts. In addition, the results may facilitate calculations for professionals working in medical centers, schools, laboratories, nutrition, and other types of institutions.

MATERIALS AND METHODS

Population

For this research, a descriptive cross-sectional study was carried out. The universal sample population was composed of 21,120 students. The sample was selected probabilistically (random) CI:95%. The size of the estimated sample was 10.4% resulting in 1,347 males (6.4%) and 835 females (4.0%). Ages ranged from 5.0 to 18.9 years. The students recruited for this research attended 12 public schools in the Maule Region of Chile. This region is located in the central valley of Chile. The primary industry is agriculture with a Human Development Index for 2012 of 0.72 for the Maule Region.

Permission to conduct the study and collect information was requested from the Direction of the Administration of Municipal Education (Municipal Administration of Education) of Talca (DAEM-Chile) and the administration of each school. Children and adolescents included in the study were those whose parents and/or guardians agreed by signing an informed consent form as well as those meeting the established age requirements for the study. Students who smoked or those with one or more bone fractures occurring during the last 3 months were excluded from the study.

This research project was approved by the Ethics Committee of the Universidad Autónoma de Chile (protocol no. 238/2013). The experimental procedure was based on the Helsinki Declaration Accord (World Medical Association) for human subjects.

Procedures

The decimal age of each student was recorded (birth date and evaluation date). All students were put into 14 categories by age and in 1 year intervals (for example, 5.0 to 5.9 years, 6.0 to 6.9 years).

Evaluation of the anthropometric variables and the dual energy X-ray absorptiometry (DXA) scan were carried out in a closed laboratory with a constant temperature between 20 and 24°C. All measurements were taken during the morning and the afternoon (8:30 a.m. to 12 noon and 14:00 to 18:00 h) from Monday to Friday during the months of March to November 2015.

The standard protocol proposed by the “International Cineanthropometry Working Group” and as described by Ross and Marfell-Jones (16) was used to evaluate the anthropometric variables. Anthropometric variables were measured when the students were barefoot and with the least amount of clothing possible (shorts and T-shirt). Students were weighed using a Tania (United Kingdom Ltd.) digital scale with an accuracy of 1.0 kg. Standing height was measured according to the Frankfurt Plane with a portable stadiomete (Hamburg Seca, Ltd.) with a 0.1 mm. accuracy. Sitting height (cephalic trunk height) was evaluated while the subject was sitting on a wooden bench with a height of 50 cm. The measurement scale consisted of 0 to 100 cm with an accuracy of 1 mm. The circumference of the relaxed right arm was taken with a tape measure (cm) while the subject maintained a relaxed supine position with arms hanging by the sides of the body. The measurement was taken midway between the tip of the acromion and olecranon process. Somatic maturity was predicted by using a regression equation proposed by Mirwald et al (17). For this calculation, age, weight, standing height, and sitting height were used. Body Mass Index (BMI) was obtained from the weight and height using the formula proposed by Quetelet: [BMI = weight (kg)/height (m)2]. All of the anthropometric variables were measured two times. The technical error of measurement (|TEM) for weight, standing height, sitting height, and circumference of the right arm oscillated between 1.0 and 2.5%.

A total body scan was carried out using double energy X-ray absorptiometry DXA (Lunar Prodigy; General Electric, Fairfield, CT). Lean mass, fat mass, bone mass, and % of body fat of the total body values were recorded. For this procedure, the subjects needed to lie down on an examination platform in a supine position with the arms and legs extended. The ankles were tied together with a Velcro belt to ensure that a standard position was maintained. The subjects were warned about not using jewelry and the presence of any type of metal in or on the body that might impede the scan.

The evaluation of the anthropometric variables and the DXA total body scan lasted ~10–12 min for each student. Ten percent of the student sample studied (135 subjects) was scanned two times to guarantee the technical error of measurement (TEM). DXA was performed by a technician with significant experience. The equipment was calibrated daily according to the manufacturer's instructions.

Statistics Analysis

The normality of the data was verified by the Kolmogorov-Smirnov (K-S) test. Descriptive statistical analysis of the arithmetic average, standard deviation, and range were carried out. The t-test for independent samples to determine the differences between both sexes was carried out to verify the differences between the values of the predictor equations and the DXA reference. The relationship between the variables was verified by using Pearson's correlation coefficient. Four multiple regression equation models were developed to predict the lean mass (2 for males and 2 for females). The models were generated with the total sample studied (1,347 males and 845 females). The multiple regression analysis process was carried out in steps until the best combination of predictor variables was identified for lean mass by sex. The equations were analyzed using % of explanation of R2 and the Standard Error of Estimation (SEE). In addition, multi-co-linearity was analyzed using the variance inflation factor (VIF) and tolerance. Calculations were carried out with SPSS 18.0. In all cases, p < 0.001 was adopted. The concordance correlation coefficient (CCC) was calculated using Lin's (18) approach. Calculations were carried out using MedCalc Statistical Software v.11.1.0, 2009 (Mariakerke, Bélgium). Precision (p) and accuracy (A) were determined with the estimated values of LM and DXA criterion. The LMS (19) statistical method was used to create reference curves based on the regression equations generated and by the DXA criterion method based on age and sex. The LMS technique was used to estimate three parameters: median (M), coefficient of variation (S), and the Box-Cox power of transformation (L). These three parameters varied according to age.

RESULTS

The characteristics of the anthropometric variables and the body composition of both sexes are illustrated in Table 1. No significant differences occurred in chronological age and BMI (p > 0.05). However, significant differences emerged between APHV, weight, standing height, sitting height, and arm circumference (p < 0.05). The relationship between the muscle mass and the anthropometric variables are shown in Table 2. In all cases, the correlations were significant (p < 0.001), and they varied between r = 0.67 and 0.91.


Table 1. Anthropometric and body composition characteristics of both sexes.

[image: image]




Table 2. Correlation between anthropometric variables with lean mass in children and adolescent (AC, Arm circumference).
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Four regression equations were developed to estimate the muscle mass of children and adolescents of both sexes (Table 3). The tolerance values for all of the equations varied from 0.12 to 0.29 and the VIF between 3.08 and 8.21. Co-linearity did not occur in any of the models (equations) generated. In general, the four equations created showed an explanatory power of 76–84%. In addition, the equations were significant: (p < 0.001). Males demonstrated a SEE of <5% while the SEE for the females was <3.7%.


Table 3. Regression equations for estimating muscle mass from anthropometric variables.
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Table 4 illustrates the definition of the degree of agreement, the reference method, and the four proposed equations. No significant differences occurred between the average values of the reference method and equations 1 and 2 in males and equations 3 and 4 for females (p < 0.05). The CCC values for equations 1 and 2 for males were from 0.93. For females, in equations 3 and 4, the CCC values were from 0.90. Both groups showed a high degree of agreement. Furthermore, in general, the precision of the equations varied from 0.91 to 0.94, and accuracy was from 0.91.


Table 4. Values of the desirable reproducibility index (DRI) for defining agreement between the DXA reference method and the proposed equations.
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The values for the percentiles of the LM determined by the DXA and the anthropometric equations are displayed in Tables 5, 6. In all cases, and in both sexes, the median values increased as age advanced. In males (Table 5), small discrepancies emerged between the reference method medians and the regression equations 1 and 2. At ages 5.0 and 6.0 years old, values for the reference were higher: 2.6 to 4.7 kg in relation to both equations. After age 7.0 to 18.9 years old, these discrepancies were reduced to values between −1.8 and 2.5 kg. In females (Table 6), the discrepancies were minimal in all age ranges. For example, in equation 3, the LM discrepancy was between −0.7 and 1.5 kg, and in equation 4, it was between −1.8 and 0.8 kg. On the other hand, significant differences occurred between both sexes commencing at age 11.0 until 18.9 years old. Males showed higher LM, DXA, and regression equation vales (p < 0.05) than did the females in this study.


Table 5. LMS values and percentile distributions for evaluating muscle mass with DXA and anthropometric equations in males.
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Table 6. LMS values and percentile distribution to assess muscle mass with DXA and anthropometric equations in females.
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DISCUSSION

The results for the first objective showed that chronological age and the anthropometric variables, such as weight, height, and arm circumference, correlated significantly with LM. These high correlations gave rise to the creation of four models for predicting LM in children and adolescents of both sexes (two for males and two for females).

The LM models predicted 83 to 88%. The SEE was <5%. Furthermore, the VIF oscillated between 3.0 and 8.2. These reflected values less than those established as the maximum limit (20). This demonstrated no presence of multi-collinearity as predictors.

These results are consistent with other studies that have indicated that anthropometric variables continue to be excellent predictors of body components. This is especially the case when the Electric Bio-impedance (21, 22) and DXA methods (23–25) are used as criteria.

Furthermore, no significant differences occurred between the criterion (DXA) with the four equations generated for both sexes. To confirm this pattern, the desirability reproducibility index (DRI) was used. This allowed for evaluating the agreement between the two readings in terms of precision and accuracy. The results indicated an excellent level of agreement (CCC = 0.90–0.93) according to Lin's index (18). In addition, the precision and accuracy described the DRI were similar to those of other studies that have developed regression equations for body composition based on anthropometric variables (11, 22).

The information obtained from this research is relevant for reproducing similar results in other contexts. The models here guarantee the robustness of the equations created (26).

With regard to the second objective of this study, reference percentiles were developed to evaluate LM by age and sex. In general, males presented greater LM than females, especially during adolescence. In fact, maturation (APHV) occurred in males at 14.09 ± 0.8 APHV and for females at 11.07 ± 0.7APHV. This indicated the early onset of puberty in the females compared to the males. Considerable variation occurred in muscle mass between the sexes and individuals. This may be due to the increase in the growth hormone and androgen concentrations during adolescence that starts during the growth spurt (27).

The percentiles proposed may be useful for assessing healthy muscle development in children and adolescents. Moreover, they may contribute to monitoring and identifying growth and loss of muscle mass, particularly in children with metabolic illnesses (14).

In general, research has shown that elevated LM values may increase sensitivity to insulin (28) and improvement in bone health (29). On the other hand, low LM values relate to metabolic risk factors and resistance to insulin (30–32), and including the risk of osteoporosis (11).

In this sense, in this study, the researchers proposed percentiles and Z scores to classify LM not only based on regression equations, but also based on real DXA values. This simplifies the use, not only in laboratory contexts (based on the use of DXA in clinical settings), but also in the field (in epidemiological contexts and school environments). Furthermore, these may be used as a base line for analyzing pediatric patients, and they may be useful for future research (33).

The cut-off points adopted for this study were ≥p85 as excellent; p10 to p85 as good; p5 to <p10 as insufficient, and <p5 as serious. Although no consensus exists about a standard cut-off point for classifying sarcopenia, some studies have shown various cut-off points by highlighting average values ±1SD (34) and ±2SD (35). These discrepancies are possibly due to ethnic variations observed on body composition in studies focusing on children and adolescents (33, 36). This is due to the fact that each region presents its own social, economic, and cultural characteristics that make up a specific country.

Regardless of the cut-off points adopted, the percentiles developed may be an alternative that takes into account these intercultural variations in LM. This alternative may help determine the risk and presence of sarcopenia as well as help develop interventions for modifying lifestyle factors (34).

Therefore, to maintain an optimal skeletal muscle mass during childhood may improve the maximum muscle mass. Thus, exercising the muscle-skeletal system is more sensitive during childhood than during adulthood and old age (37).

This research has some strengths. For instance, the fact that it is the first study carried out with a large Chilean student sample size. In addition, both the regression equations as well as the real DXA values are fundamental tools for identifying LM extremes in laboratory conditions and field contexts.

In fact, the values obtained with non-invasive methods, such as the case of the regression equations here based on the anthropometric variables, always showed slight discrepancies with regard to the reference method (DXA). However, in spite of this, we maintain that the equations proposed are still a highly reliable alternative to implement and use during the school years for students, especially in contexts where laboratories and sophisticated equipment do not exist to evaluate lean mass.

This research may also be reproduced in other contexts with similar characteristics. The significant correlations observed between the anthropometric variables and the absence of collinearity in each one of the models reflected the capacity to adjust to each body size according to age and sex These equations have the potential to help control and diagnose LM, independent of nutritional status. Calculations may be carried out using this link: http://www.reidebihu.net/masamusch.php.

In addition, this study presented some limitations. For example, the design for this study was cross-sectional. Thus, the results needed to be corroborated through a longitudinal study. Furthermore, it was not possible to carry out physical evaluations, specifically for the isometric strength and muscle resistance variables. As well, the physical activity parameters were not measured in this sample population. If these variables had been collected, they may have explained more effectively the results of this study. Future research needs to incorporate these variables to better explain with more specificity Chilean students.

In conclusion, the four proposed equations were acceptable in terms of precision and accuracy in estimating LM in children and adolescents. The percentiles generated with anthropometric equations and real DXA values are fundamental tools for monitoring and detecting muscular anomalies and risks during somatic growth and development of children and adolescents of both sexes in Chile.
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2 LM= —25.512+1.088"age-+0.207 Weight-+0.037*AC+0.405"Heigh
Age 0.185
Weight 0.130
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Height 0.165

3 LM= —16.264+0.182"age-+0.302"Weight-+0.198'Height
Age 0308
Weight 0296
Height 0214
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T, Tolerance; VIF, variance inflation factor; SEE, Standard estimation error; AC, Arm circumference.
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Equations X SD Min Max Desirable reproducibility index

ccc P A
DXA Reference LM 38.7 144 11.4 718 - - -
Equation 1 38.7 13.4 6.1 675 0.9337 (IC:0.9266 to 0.9401) 0.936 0.998
Equation 2 38.7 134 53 67.0 0.9334 (IC:0.9263 to 0.9398) 0.936 0.998
DXA Reference LM 20.7 9.1 03 569 -
Equation 3 29.7 83 79 522 0.9084 (1C:0.8961 to 0.9193) 0912 0.996
Equation 4 31.0 9.1 87 56.1 0.9008 (IC:0.8874 to 0.9128) 0.909 0.991

LM, Muscle mass (lean mass); CCC, Correlation coeffcient of agreement; P. Precision; A, Accuracy; SD, Stenderd deviation; Min, Minimum; Mex, Meximum; Cl, Confidence interval:
and DXA, double energy X-ray absorptiometry.
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Variables Males Females Total (n = 2,182)

b sb b sp X sD
Chronological age (Years) 133 37 123 37 129 37
Meaturity offset (APHV) 149 08 1.4 07 139 18

Weight (kg) 53.9 192 483 165" 517 18.4
Standing height (cm) 1562 19.7 147 15.4* 152.1 186
Sitting height (cm) 81.1 10.4 773 8.4" 97 99
BMI (kg/m?) 21.6: 43 216 45 216 4.4
AC (cm) 248 4.4 244 4.1 24.7 43

Bone Mass (Kg) 24 08 1.7 05* 1.9 07
Fat mass (kg) 133 74 169 80" 147 78
Lean Mass (kg) 387 144 298 9.1 353 13.3
Fat percentage (% G) 248 88 34 63" 283 9.1

AC, Arm circumference; SD, Standard deviation; DXA, double energy X-ray absorptiometry, *p < 0.05.
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Variables Age (years) Weight (k) Height (cm) AC (em) Lean mass (k)

Age (years) x 0.750) (0.827+) (0.668") (0.765")
Weight (k) 0.891" x (08317 (0.874%) (0.886™)
Height (cm) 0.920" 0.863" x (0.96") (0.856")
AC fom) 0715 0.866" 0718 x ©:770%)
Lean Mass (kg) 0.880" 0.892" 0.906™ 0762 x

Values in parentheses (females); AC, Arm circumference; *'p = 0.001.
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