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Abstract

Objective: a) To verify the applicability of anthropometric indicators to evaluate physical fitness

in school children and b) Propose physical fitness reference values for Peruvian children living at

high altitudes in Peru.

Methods: A cross-sectional study was carried out in children aged 6 to 12 years living at high alti-

tude in Peru. A total of 1372 primary school children (785 males and 587 females) were evalu-

ated. Weight, height and four physical tests [Hand grip strength (right and left HGS)], Horizontal

jump (HJ), Round trip ( D29X X5 D30X X£ 10 repetitions), and the 6-minute walk test (6MWT)] were evaluated.

Body Surface Area (BSA), Body Mass Index (BMI), and Triponderal Index (TPI) were calculated.

Results: The BSA presented a better comparative structure in relation to BMI and TPI with all

physical tests. In males, HGS was related between D31X Xr D32X X= 0.64 and 0.66; HJ (D33X Xr D34X X= 0.26), agility (r = -

0.31) and 6MWT (D35X Xr D36X X= 0.30). In females, HGS was related between D37X Xr D38X X= 0.63 and 0.64; HJ ( D39X Xr D40X X= 0.36),

agility (r = -0.36), and 6MWT (D41X Xr D42X X= 0.21). The predictive power in the four physical tests ranged

from R2 = 9% to 43% in males, and from 5% to 41% in females. Percentiles by age and sex were pro-

posed for BSA, HGS (right and left), HJ, agility, and 6MWT.

Conclusion: BSA is the best predictor of physical fitness in schoolchildren from high altitude

areas in Peru, surpassing BMI and TPI. In addition, reference values were proposed to evaluate

physical fitness in these children.

© 2025 Published by Elsevier España, S.L.U. on behalf of Sociedade Brasileira de Pediatria. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1 Introduction

2 Physical fitness assessment has become an elementary indi-
3 cator of the health status of children and adolescents [1]. It
4 is often assessed by several tests or test batteries that mea-
5 sure different aspects of fitness or components [2]. They are
6 generally represented by five components: morphological,
7 muscular, motor, cardiorespiratory and metabolic [3].
8 The assessment and monitoring of physical fitness at the
9 school level is relevant. It serves not only to establish physi-

10 cal performance categories, but also to set health goals,
11 plan lasting healthy behaviors, and boost physical education
12 teaching among schoolchildren [4].
13 Indeed, in the school system, it is important for schools to
14 implement batteries of health-related fitness tests. Espe-
15 cially that they are age-appropriate and reflect as well as
16 possible the relationship between physical fitness and health
17 [5].
18 In this sense, it is widely known that the use of anthropo-
19 metric indicators (morphological components) is relevant in
20 the school population. Since it allows the monitoring of
21 somatic growth and development [6] and serves as a useful
22 tool for risk identification, intervention, or impact assess-
23 ment on nutritional status or health in general [7].
24 These anthropometric indicators [e.g. body mass index
25 (BMI), triponderal index (TPI), waist height index (WHI),
26 waist circumference (WC), among others), have been used
27 by several studies as predictors of various physical tests in
28 children and adolescents [8,9]. However, the relationships
29 of these variables were weak, suggesting that they might
30 not be the most appropriate and accurate predictors of
31 physical performance in schoolchildren.
32 These indicators often do not fully capture variability in
33 body size and proportion, factors that can influence capacity
34 and efficiency in physical performance. In addition, other
35 previous studies have shown that children and adolescents
36 living in regions of moderate and/or high altitude have evi-
37 denced shorter stature compared to international standards
38 [10,11]. This fact suggests a possible effect of the hypoxic
39 environment on linear growth, since it has been postulated
40 that altitude influences physical growth parameters in resi-
41 dents of high-altitude areas due to continuous exposure to
42 hypoxia [12]. As a consequence, when relating weight to
43 height, these children tend to have higher BMI and TPI val-
44 ues.
45 This could lead to an overestimation of excess weight
46 when using this indicator in high-altitude populations.
47 Therefore, this phenomenon, together with the weak rela-
48 tionships observed between anthropometric indicators and
49 physical performance tests in previous studies, highlights
50 the need to consider other anthropometric parameters,
51 such as body surface area (BSA). This indicator could correct
52 or improve such relationships. Since it provides a more accu-
53 rate estimate of total body size, which varies significantly
54 during growth and development throughout age (e.g.,
55 increases from 0.2 m2 at birth to approximately 1.73 m2 in
56 adulthood) [13].
57 Therefore, the objectives of the study are: a) to verify
58 the applicability of anthropometric indicators for assessing

59physical fitness in schoolchildren, and b) to propose physical
60fitness reference values for Peruvian children living at high
61altitude in Peru.

62Materials and methods

63Type of study and sample

64A descriptive cross-sectional study was carried out in 1372
65primary school children (785 males and 587 females). The
66age range was 6 to 12 years. The sample selection was non-
67probabilistic (convenience). Data were collected in 4 pri-
68mary schools in the urban area of the city of Puno. This city
69is located at 3820 m D44X X above sea level and is geographically
70located in the southeast of the country (Peru) and is bor-
71dered to the east by the department of La Paz (Bolivia).
72The study included children of both sexes who attended
73physical education classes and were enrolled at the primary
74level and aged 6 to 12 years. Children who did not complete
75the evaluation of anthropometric measurements and physi-
76cal tests were excluded. As well as those with physical and/
77or sports injuries (Figure 1).
78The study was performed according to the approval of the
79ethics committee of the National University of the Altiplano
80of Puno (CEIC 007� D45X X2022) and according to the ethical princi-
81ples of the Declaration of Helsinki for human beings.

82Techniques and procedures

83The four schools were invited to participate voluntarily in
84the study, and once participation was accepted, informed
85consents were sent. Data collection took place from April to
86June 2023.
87A team of six evaluators with ample experience in anthro-
88pometric and physical evaluations was formed and went to
89the schools to collect the data. In anthropometry, weight
90and height were evaluated, and in physical fitness, four
91physical tests were evaluated: Hand grip strength (HGS),
92right and left, Horizontal jump (HJ), Agility (D46X X5 D47X X£ 10 repeti-
93tions), and the 6-minute walk test (6MWT).

94Anthropometric variables

95Weight and height were evaluated with the least amount of
96clothing possible (barefoot, shorts, and T-shirt) according to
97the suggestions described by Ross and Marfell-Jones [14].
98For weight (kg), a Tanita digital scale (United Kingdom, Ltd.)
99with an accuracy of 0.1 kg and a range of 0.1 kg to 150 kg
100was used. For height, a portable stadiometer (Hamburg,
101Seca, Ltd.) with an accuracy of 0.1 mm and a measurement
102range of 0.0 cm to 220.0 cm was used. With both measure-
103ments (Weight and Height) BMI: [BMI = weight (kg)/height
104(m)2], TPI: [TPI = weight (kg)/height (m)3], and BSA:
105BSA = 0.024265£weight (kg)0.5378£ height (cm)0.3964
106were calculated. The BSA was determined by the equation
107proposed by Haycock et al [15].
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108 Physical fitness

109 Hand grip strength (HGS): The HGS of both hands (right and
110 left) was evaluated. It was evaluated according to the sug-
111 gestions described by Richards et al [16]. The evaluee sits on
112 a straight-backed chair. Then one of the evaluators con-
113 stantly adjusted the dynamometer to the grip size of the
114 equipment according to age and sex. A JAMAR hydraulic
115 dynamometer (Hydraulic Hand Dynamometer � Model PC-
116 5030 J1, Fred Sammons, Inc., Burr Ridge, IL: USA) was used
117 for the measurement. This equipment has an accuracy of
118 0.1 kg and a scale of up to 100 kg/f.
119 Horizontal jump HJ (m): The evaluated is located behind
120 a previously drawn line. It was evaluated according to the
121 suggestions described by Castro-Pi~nero et al [17]. The sub-
122 ject must perform preparatory movements of arms and
123 knees to execute the jump. Once the jump is performed,
124 the distance at the end of the heel is recorded. A metallic
125 tape measure was used to record the distance from 0 to 3 m.
126 Round trip run (5 mD48X XD49X X£ 10 repetitions) (seconds): It was
127 evaluated using the suggestions described by Verschuren et
128 al [18]. The person evaluated should go in a back-and-forth
129 direction, covering a distance of 5 m D50X Xuntil completing a total
130 of 50 m D51X XAt the end, 10 repetitions were performed. A Casio
131 digital stopwatch with an accuracy of 0.01 sD52X X was used to
132 measure the time.
133 6-minute walk (6MWT): This was performed according to
134 the recommendations of the American Thoracic Society
135 [19]. It was performed in an open space on a flat surface (30
136 m D53X X long£ 10 mD54X Xwide). This area was demarcated with white
137 adhesive tape to distinguish the lanes. The evaluators
138 instructed the schoolchildren to walk as fast as they could in

139one direction, back and forth as fast as they could (without
140stopping). At the end of the 6 min D55X X, the distance achieved by
141each child was recorded.
142The reliability of the physical tests was controlled
143through the test-retest technique. It was applied to 10 % of
144the sample ( D56X Xn D57X X= 142). The values of the relative technical
145error of measurement (TEM %) ranged from 1.0 to 1.6 %.

146Statistics

147The Kolmogorov-Smirnov test was used for the normal distri-
148bution of data. Next, the data analyzed descriptively were:
149(mean, standard deviation, and range). To examine the rela-
150tionships between anthropometric indicators and physical
151fitness, Pearson’s correlation coefficients (r) were calcu-
152lated to evaluate the linear associations between BMI, TPI,
153BSA, and the four physical tests.
154In addition, a linear regression analysis was performed to
155determine the predictive power of anthropometric indica-
156tors on physical fitness. The coefficient of determination (r2)
157was calculated to quantify the proportion of variance in fit-
158ness test performance explained by the anthropometric indi-
159cators. The significance considered in all cases was D58X Xp D59X X< 0.05.
160Statistical analyses were performed in Excel spreadsheets
161and SPSS 18.0.

162Results

163Table 1 shows the anthropometric variables and physical
164tests characterizing the sample studied. In body weight,
165there were no differences between both sexes ( D60X Xp D61X X> 0.05)

Figure 1 Flowchart of the study sample selection process.
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166from 6 to 12 years of age. In height, males showed greater
167height at 6 and 12 years of age in relation to females
168( D62X Xp D63X X< 0.05). In the other ages, there were no significant dif-
169ferences. In the anthropometric indicators (BMI, TPI and
170BSA), there were no significant differences between both
171sexes and at all ages (6 to 12 years) (D64X Xp D65X X> 0.05). In the HGS of
172both hands and the 6MWT test, there were only significant
173differences at 12 years of age between both sexes
174( D66X Xp D67X X< 0.05). In the other ages, from 6 to 11 years of age, there
175were no significant differences. In the HJ, males presented
176better results at all ages ( D68X Xp D69X X< 0.05), except at 11 years of
177age, where there were no significant differences ( D70X Xp D71X X> 0.05).
178In the agility test, males showed better results in relation to
179their female counterparts at all ages ( D72X Xp D73X X< 0.05).
180Table 2 shows the correlation coefficients, determina-
181tion, SEE, and regression parameters (intercept and slope)
182between anthropometric indicators (BMI, TPI and BSA) with
183four physical tests in both sexes. BMI correlated with HGS
184(right and left), showing values of D74X Xr D75X X= 0.35 in males and
185D76X Xr D77X X= 0.27 in females. Meanwhile, with the HJ, Round trip run
186(5 mD78X XD79X X£ 10 repetitions) and 6MWT tests, the relationships in
187both sexes were null ( D80X Xr D81X X< 0.06). In the case of TPI, paradoxi-
188cally, there was no relationship with HGS (right and left) in
189both sexes ( D82X Xr D83X X< 0.01). However, the relationships improved
190with the rest of the physical tests in both sexes. In males,
191the HJ was D84X Xr D85X X= 0.29, agility r =�0.26 and 6MWT D86X Xr D87X X= 0.24 and
192in females, the HJ was D88X Xr D89X X= 0.14, agility r =�0.15, and 6MWT
193D90X Xr D91X X= 0.20. The relationships between the BSA and the four
194physical tests in both sexes improved ostensibly. In males,
195HGS with both hands ranged from D92X Xr D93X X= 0.64 to 0.66, with HJ
196D94X Xr D95X X= 0.26, agility r =�0.31, and with 6MWT D96X Xr D97X X= 0.30. In
197females, HGS with both hands is related from D98X Xr D99X X= 0.64 to
1980.63, with HJ D100X Xr D101X X= 0.36, agility r =�0.36, and with 6MWT
199D102X Xr D103X X= 0.21. Figure 2 shows the explanatory power (R2) between
200BSA and physical tests in both sexes. In males, the values
201ranged from 9 to 43 %, and in females, from 5 to 41 %.
202Tables 3 and 4 show the percentile distribution of body
203size (BSA) and four physical tests by age and in both sexes. A
204progressive improvement in BSA is observed as chronological
205age increases. It can also be seen that as age increases, the
206values of the physical tests improve the performance in HGS
207and HJ, decrease the time in the round-trip running test (5 m D104X X
208x 10 repetitions), and increase the number of meters in the
2096MWT.

210Discussion

211The initial objective of the study was to verify the applica-
212bility of anthropometric indicators (BMI, TPI, and BSA) to
213predict physical fitness in schoolchildren living in a high-alti-
214tude region of Peru. The results of the study have shown
215that BSA is the best overall predictor of physical fitness rela-
216tive to BMI and TPI. These findings highlight the importance
217of BSA as a key indicator of physical performance in school-
218children. It outperformed BMI and TPI in its predictive ability
219in the HGS (right and left), HJ, agility, and 6MWT tests.
220These findings suggest that the BSA should be considered
221as a relevant criterion in the assessment and classification of
222physical fitness in this population of schoolchildren aged 6 to
22312 years living at high altitude.
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224The BSA provides a more accurate representation of body
225composition, as it considers both height and weight with
226allometric correction. Weight is approximately proportional
227to a subject’s height. Therefore, the product of weight
228(a)£ height (b) can be manipulated by an appropriate con-
229stant to obtain a stable value that approximates weight.
230This allows a more comprehensive assessment of meta-
231bolic mass than body weight, as it is less affected by abnor-
232mal adipose mass. Unlike BMI and TPI, which can be affected
233by fat and muscle distribution, BSA is more closely associ-
234ated with muscle mass and metabolism, which is crucial for
235physical performance.
236In fact, some recent studies have reported that BSA is
237an excellent predictor of fat-free mass in young people
238and adults [20,21]. Therefore, its use and application in
239children living at high altitude in Peru becomes funda-
240mental in the evaluation of the morphological compo-
241nent. Therefore, incorporating the BSA together with
242physical tests can provide valuable information for
243designing training programs and monitoring progress in
244schoolchildren aged 6 to 12 years.
245Overall, BSA can provide a more complete and useful
246insight into understanding how children living at high
247altitude can optimize their physical capacity according to
248body size. This information is crucial for pediatric popu-
249lations living in high-altitude geographic regions, where
250BMI is often used as an indicator of nutritional status.
251Although previous studies have suggested great limita-
252tions due to the low stature in relation to international
253references [9,10].
254The second objective of the study was to propose refer-
255ence values to assess physical fitness in children living at
256high altitude in Peru. For this purpose, the LMS method was
257used to represent the distribution of percentiles of body size
258(BSA), HGS (right and left), HJ, agility, and 6MWT.
259In general, normative data from field fitness tests offer
260the opportunity to analyze and study health promotion and
261sports skills development at the school level [22]. In the spe-
262cific case of Peru, the Ministry of Education does not specify
263the use and/or application of a battery to assess the physical
264fitness of schoolchildren. But it does, in its guidelines, state
265a clear and structured progression of achievement objec-
266tives covering all levels of schooling, highlighting the bal-
267anced development of the body and health [23].
268From that perspective, the percentiles proposed here for
269body size and four physical tests were designed for primary
270school children in a high-altitude region of Peru. These ref-
271erence values were developed by age and sex and can be
272used for diagnostic purposes and evaluation of the physical
273fitness level of children aged 6 to 12 years.
274To categorize performance levels, it is necessary to rely
275on some cut-off points. For this purpose, in this research,
276the authors use suggestions described by some recent stud-
277ies [24,25]. These investigations have reported, for exam-
278ple, that children below the 15th percentile (< p15) are
279characterized by warning signs of low level of performance.
280While those between p15 to p85 are considered adequate,
281and above > p85 are considered a high fitness level.
282The use of fitness reference values in the school system
283can generate individual and/or collective advantages [26].
284Since schoolchildren below p15 are identified, physical edu-
285cation professionals can implement strategies and
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286 intervention programs to improve physical fitness. On the
287 other hand, higher levels of physical fitness allow participa-
288 tion in a variety of physical activities and consequently
289 decrease the risk of health problems [27,28].

290Therefore, to successfully monitor fitness levels over
291time, it is essential to have up-to-date normative data [29].
292In this sense, the reference values proposed in this study are
293a valuable tool for the school population living at high

Figure 2 Relationship between BSA and physical fitness tests in schoolchildren aged 6 to 12 years of both sexes.
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Table 3 Percentile distribution of body size (BSA), HGS, HJ, agility and 6MWTof children 6 to 12 years of age from high altitude in Peru.

Age L M S P3 P5 P10 P15 P25 P50 P75 P85 P90 P95 P97

BSA (cm2)

6 �0.02 0.88 0.00 0.73 0.74 0.77 0.78 0.81 0.88 0.96 1.01 1.06 1.13 1.19

7 �0.02 0.95 0.00 0.77 0.79 0.82 0.84 0.87 0.95 1.04 1.10 1.14 1.22 1.28

8 �0.01 1.04 0.00 0.83 0.85 0.89 0.91 0.95 1.04 1.14 1.21 1.26 1.35 1.41

9 �0.01 1.12 0.00 0.88 0.90 0.94 0.97 1.02 1.12 1.24 1.31 1.37 1.46 1.52

10 �0.01 1.20 0.00 0.93 0.96 1.00 1.04 1.09 1.20 1.32 1.40 1.46 1.55 1.61

11 0.00 1.29 0.00 1.00 1.03 1.08 1.11 1.17 1.29 1.42 1.50 1.56 1.65 1.71

12 0.00 1.38 0.00 1.08 1.11 1.16 1.20 1.26 1.38 1.52 1.60 1.66 1.75 1.82

HGSR (kg/f)

6 0.01 6.30 0.00 3.2 3.5 4.1 4.5 5.1 6.3 7.5 8.2 8.7 9.5 9.9

7 0.01 7.10 0.00 3.8 4.2 4.7 5.2 5.8 7.1 8.6 9.5 10.0 11.0 11.6

8 0.00 8.50 0.00 4.8 5.1 5.8 6.2 7.0 8.5 10.3 11.4 12.1 13.3 14.2

9 0.00 10.30 0.00 6.1 6.5 7.2 7.7 8.6 10.3 12.5 13.8 14.8 16.4 17.6

10 0.00 12.50 0.00 7.6 8.1 8.9 9.4 10.4 12.5 15.0 16.6 17.8 19.8 21.2

11 0.00 14.90 0.00 9.1 9.7 10.6 11.3 12.4 14.9 17.9 19.8 21.2 23.5 25.2

12 0.00 18.00 0.00 11.0 11.7 12.8 13.7 15.0 18.0 21.6 24.0 25.7 28.5 30.6

HGSL (kg/f)

6 0.01 6.20 0.00 3.4 3.7 4.2 4.5 5.1 6.2 7.4 8.0 8.5 9.3 9.8

7 0.00 6.90 0.00 3.8 4.1 4.7 5.1 5.7 6.9 8.4 9.2 9.8 10.7 11.3

8 0.00 8.20 0.00 4.6 4.9 5.6 6.0 6.7 8.2 10.0 11.1 11.8 13.0 13.9

9 0.00 10.00 0.00 5.8 6.2 6.9 7.4 8.2 10.0 12.2 13.6 14.6 16.2 17.3

10 0.00 12.30 0.00 7.2 7.7 8.5 9.1 10.1 12.3 14.9 16.5 17.7 19.7 21.0

11 0.00 14.40 0.00 8.5 9.1 10.1 10.8 12.0 14.4 17.4 19.2 20.6 22.7 24.2

12 0.00 17.60 0.00 10.1 10.8 12.1 13.0 14.5 17.6 21.1 23.2 24.7 27.1 28.8

HJ (cm)

6 0.70 86.40 0.18 59.0 62.3 67.4 70.9 76.2 86.4 96.9 102.7 106.7 112.7 116.6

7 0.64 92.90 0.18 63.9 67.3 72.7 76.4 82.0 92.9 104.3 110.5 114.9 121.4 125.7

8 0.64 98.70 0.18 68.4 71.9 77.5 81.4 87.3 98.7 110.7 117.5 122.1 129.1 133.8

9 0.64 105.80 0.18 73.9 77.6 83.4 87.5 93.7 105.8 118.7 125.9 131.0 138.6 143.7

10 0.64 114.20 0.17 80.2 84.1 90.4 94.7 101.3 114.2 127.9 135.6 141.0 149.1 154.4

11 0.64 120.80 0.17 85.0 89.2 95.8 100.4 107.3 120.8 135.1 143.0 148.5 156.8 162.3

12 0.64 131.20 0.17 92.4 96.9 104.1 109.0 116.5 131.2 146.6 155.2 161.2 170.3 176.3

Agility D7X X5 D8X X£ 10 (seg)

6 �0.75 29.20 0.12 37.5 36.2 34.4 33.3 31.8 29.2 27.0 25.9 25.2 24.2 23.6

7 �1.18 27.40 0.11 35.0 33.8 32.2 31.1 29.7 27.4 25.5 24.6 24.0 23.2 22.7

8 �1.60 25.80 0.10 32.7 31.6 30.0 29.1 27.8 25.8 24.2 23.4 22.9 22.2 21.8

9 �1.79 24.50 0.10 30.5 29.5 28.1 27.3 26.2 24.5 23.0 22.3 21.9 21.3 20.9

10 �1.86 23.50 0.09 28.8 28.0 26.8 26.0 25.1 23.5 22.1 21.5 21.1 20.6 20.2

11 �1.91 22.90 0.09 27.8 27.0 25.9 25.2 24.3 22.9 21.6 21.1 20.7 20.2 19.9

12 �1.81 21.90 0.08 26.2 25.5 24.6 24.0 23.2 21.9 20.8 20.2 19.9 19.4 19.1

6MWT (m)

6 1.87 493.40 0.10 391.5 405.5 426.2 439.8 459.1 493.4 525.7 542.3 553.3 569.3 579.5

7 2.16 515.30 0.10 402.9 419.0 442.4 457.4 478.5 515.3 549.3 566.6 578.0 594.3 604.7

8 2.39 540.60 0.10 417.5 435.6 461.7 478.2 501.2 540.6 576.3 594.2 606.0 622.8 633.4

9 2.38 560.30 0.10 432.1 451.0 478.2 495.3 519.3 560.3 597.6 616.3 628.6 646.1 657.2

10 1.92 584.10 0.10 456.1 473.9 500.2 517.2 541.4 584.1 624.0 644.5 658.1 677.7 690.2

11 1.32 606.40 0.11 479.1 495.6 520.7 537.4 561.8 606.4 649.9 672.9 688.3 711.0 725.6

12 0.63 623.00 0.11 498.6 513.7 537.1 553.2 577.2 623.0 670.0 695.8 713.4 739.9 757.3

P, Percentile, L (Lambda, Box-Cox transformation), M (Mu) median of the distribution and S (Sigma) coefficient of variation.
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Table 4 Percentile distribution of body size (BSA). HGS. HJ. agility and 6MWTof girls aged 6 to 12 years from high altitude in Peru.

Age L M S P3 P5 P10 P15 P25 P50 P75 P85 P90 P95 P97

BSA (cm2)

6 �0.03 0.82 0.00 0.69 0.70 0.72 0.74 0.76 0.82 0.89 0.95 0.99 1.08 1.15

7 �0.02 0.90 0.00 0.75 0.77 0.79 0.81 0.84 0.90 0.99 1.05 1.09 1.17 1.24

8 �0.02 0.99 0.00 0.81 0.83 0.86 0.88 0.91 0.99 1.08 1.14 1.19 1.27 1.33

9 �0.01 1.08 0.00 0.88 0.90 0.93 0.96 1.00 1.08 1.18 1.25 1.30 1.38 1.44

10 �0.01 1.19 0.00 0.95 0.98 1.02 1.05 1.10 1.19 1.31 1.37 1.42 1.50 1.55

11 0.00 1.29 0.00 1.01 1.04 1.09 1.13 1.19 1.29 1.41 1.48 1.52 1.60 1.64

12 0.01 1.39 0.00 1.05 1.09 1.16 1.20 1.27 1.39 1.51 1.57 1.62 1.68 1.72

HGSR (kg/f)

6 0.005 5.800 0.003 2.8 3.1 3.6 4.0 4.6 5.8 7.2 7.9 8.5 9.3 9.9

7 0.003 7.100 0.003 3.6 4.0 4.6 5.0 5.7 7.1 8.7 9.6 10.3 11.4 12.1

8 0.003 8.300 0.003 4.5 4.8 5.5 6.0 6.7 8.3 10.2 11.3 12.1 13.3 14.2

9 0.004 10.300 0.003 5.5 6.0 6.8 7.4 8.4 10.3 12.5 13.7 14.6 16.1 17.0

10 0.006 12.900 0.003 7.0 7.6 8.7 9.5 10.6 12.9 15.5 16.9 17.9 19.5 20.5

11 0.008 15.500 0.003 8.6 9.5 10.7 11.6 13.0 15.5 18.3 19.7 20.8 22.3 23.3

12 0.009 17.800 0.002 10.5 11.4 12.8 13.8 15.2 17.8 20.5 21.9 22.9 24.4 25.3

HGSL (kg/f)

6 0.00 5.40 0.003 3.1 3.4 3.7 4.0 4.5 5.4 6.4 7.0 7.4 8.1 8.6

7 0.00 6.50 0.003 3.7 4.0 4.5 4.8 5.4 6.5 7.8 8.6 9.2 10.1 10.7

8 �0.01 7.60 0.003 4.9 5.1 5.5 5.8 6.4 7.6 9.4 10.7 11.8 13.8 15.5

9 0.00 9.40 0.003 5.1 5.6 6.3 6.9 7.7 9.4 11.4 12.6 13.4 14.7 15.6

10 0.01 12.40 0.003 6.2 6.9 8.0 8.8 10.0 12.4 14.9 16.2 17.2 18.6 19.6

11 0.01 15.00 0.003 7.5 8.4 9.8 10.8 12.3 15.0 17.8 19.2 20.3 21.8 22.7

12 0.01 16.70 0.002 8.1 9.4 11.1 12.3 13.9 16.7 19.4 20.7 21.7 23.0 23.8

HJ (cm)

6 1.63 77.10 0.202 42.7 47.8 55.1 59.7 66.1 77.1 87.2 92.3 95.7 100.5 103.6

7 1.22 84.30 0.195 51.8 56.1 62.5 66.8 73.0 84.3 95.3 101.0 104.9 110.6 114.2

8 0.84 92.20 0.186 60.9 64.7 70.6 74.7 80.7 92.2 103.9 110.3 114.6 121.1 125.4

9 0.58 97.40 0.174 67.8 71.2 76.7 80.5 86.2 97.4 109.1 115.6 120.1 126.9 131.4

10 0.55 105.30 0.161 75.6 79.1 84.6 88.4 94.1 105.3 116.9 123.4 127.9 134.7 139.2

11 0.85 114.30 0.148 83.2 87.0 93.0 97.0 103.0 114.3 125.8 132.0 136.2 142.5 146.7

12 1.32 116.90 0.135 85.8 89.9 96.1 100.2 106.1 116.9 127.4 132.9 136.6 142.0 145.5

Agility D9X X5 D10X X£ 10 (seg)

6 �2.32 29.30 0.109 38.7 37.0 34.7 33.4 31.8 29.3 27.4 26.5 26.0 25.3 24.8

7 �1.91 28.50 0.100 36.0 34.7 33.0 32.0 30.6 28.5 26.7 25.9 25.4 24.7 24.3

8 �1.35 26.90 0.092 32.8 31.9 30.6 29.8 28.7 26.9 25.4 24.6 24.2 23.5 23.1

9 �1.05 25.70 0.085 30.6 29.8 28.8 28.1 27.2 25.7 24.3 23.6 23.2 22.5 22.1

10 �1.03 24.70 0.080 29.1 28.4 27.5 26.9 26.1 24.7 23.4 22.8 22.4 21.8 21.5

11 �1.47 24.10 0.076 28.3 27.7 26.8 26.2 25.4 24.1 22.9 22.4 22.0 21.5 21.2

12 �1.79 23.70 0.073 27.7 27.1 26.2 25.7 24.9 23.7 22.6 22.1 21.7 21.3 21.0

6MWT (m)

6 �0.32 499.80 0.101 415.9 425.4 440.5 451.1 467.4 499.8 535.3 555.8 570.2 592.5 607.6

7 0.87 533.20 0.098 435.9 447.9 466.6 479.3 498.0 533.2 568.8 588.0 601.0 620.4 633.1

8 2.06 556.30 0.097 442.2 458.2 481.7 496.9 518.4 556.3 591.6 609.7 621.6 638.8 649.8

9 2.99 573.90 0.097 440.2 461.5 490.9 508.9 533.4 573.9 609.3 626.8 638.0 654.1 664.1

10 3.63 598.90 0.097 444.8 472.4 508.0 528.8 556.0 598.9 635.0 652.4 663.4 679.0 688.6

11 3.98 607.60 0.094 448.5 478.6 516.0 537.4 564.9 607.6 642.8 659.6 670.2 685.2 694.4

12 4.21 593.70 0.09 442.6 471.6 507.4 527.7 553.7 593.7 626.5 642.1 652.0 665.8 674.3

P, Percentile, L (Lambda, Box-Cox transformation), M (Mu) median of the distribution and S (Sigma) coefficient of variation.
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294 altitudes. This tool can be useful for health professionals, as
295 well as for parents and physical education teachers. In addi-
296 tion, some studies have characterized fitness percentiles as
297 a simple, safe, and low-cost tool to examine various health
298 indicators [30].
299 In sum, monitoring and measuring the progression of
300 physical fitness in schoolchildren in various geographic
301 regions is extremely relevant. Especially in these times
302 where fitness levels have been gradually deteriorating [2].
303 Therefore, it is essential to systematically and frequently
304 monitor these indicators using BSA as a physiological estima-
305 tor of body size (related to energy expenditure and
306 exchange surface area). This would allow discrepancies
307 between size and functional capacity that BMI and TPI do
308 not detect to be identified. Likewise, when applied to clini-
309 cal practice and the school environment, the use of BSA
310 could facilitate allometric adjustment in physical tests,
311 allowing for a more accurate interpretation of children’s
312 physical performance by taking into account actual body
313 size and not just weight and height, respectively.
314 The present study has certain limitations, as, for exam-
315 ple, in relation to the age range, it was not possible to evalu-
316 ate the physical fitness of secondary school children (13 to
317 17 years). Therefore, future studies should fill this gap. On
318 the other hand, the selection of the sample used in the study
319 was non-probabilistic, and the design used was cross-sec-
320 tional. This limits the generalization of the results, and due
321 to the type of study, it is not possible to establish causal
322 relationships. In addition, a standard method for analyzing
323 body composition is necessary, since both BSA, BMI, and TPI
324 are estimated using formulas. This may generate some varia-
325 tions in the results of this study. Therefore, future studies
326 should consider these aspects to strengthen their methodo-
327 logical designs.
328 The study presents some strengths that should be recog-
329 nized, since it is one of the first studies that proposes to con-
330 sider BSA as part of the morphological component. In
331 addition, the proposed percentiles evidence updated data,
332 which allows monitoring fitness levels in high altitude pri-
333 mary school children. These results can serve as a baseline
334 for future comparisons and possible secular trend analysis.

335 Conclusion

336 BSA was shown to be the best predictor of physical fitness in
337 schoolchildren living in high-altitude areas in Peru, far sur-
338 passing BMI and TPI. This finding highlights the physiological
339 value of BSA as an indicator of body size and efficiency, pro-
340 viding novel information in a little-explored context. Refer-
341 ence values applicable in clinical and school settings were
342 also proposed, allowing for more accurate assessment of
343 physical fitness according to age and sex.
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