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Abstract : Objective To establish vital capacity percentile reference values for students aged 6 — 18 in Renhuai City, Guizhou
Province, using the LMS method; to compare these findings with national average levels for primary and secondary school
students; and to analyze influencing factors and population characteristics, thereby providing a scientific basis for physical
health interventions targeting local students. Methods The LMS method was employed to construct vital capacity percentile
curves and reference values (P;, P,,, Py, Psy, Pys, Py, and Py, ). Concurrently, multiple linear regression and K — means
clustering analysis were utilized to investigate influencing factors and the characteristics of student subgroups. Results A total
of 109 072 students aged 6 — 18 were included in the study. The vital capacity curves for both boys and girls exhibited similar
trends, increasing with age, with an accelerated growth rate observed during puberty. In comparison with national averages, the
Py, values for boys were lower between ages 7 and 17 but exceeded the national average at age 18. For girls, Ps, values were
lower than the national average before age 14 but surpassed those after age 14. Significant variations in vital capacity were
associated with BMI, boarding status, urban — rural residence, and ethnicity (R’ =0.66, F =35 369.75, P <0.01).

Specifically, vital capacity increased by an average of 191. 5 ml for every 1 — year increase in age and by 32. 6 ml for every 1 —
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unit increase in BMI. On average, females had a vital capacity 276. 8 ml lower than males; The vital capacity of boarding

students were 262. 1 ml higher than non — boarding students ; rural students were 23. 3 ml lower than urban students; and ethnic

minority students were 55.4 ml lower than Han students. Cluster analysis identified three distinct student subgroups. The

“younger age, low BMI, non — boarding” group exhibited the lowest relative vital capacity (1 233.0 ml), while the “older

age, high BMI, boarding” group demonstrated the highest (2 578.3 ml). Conclusion

The application of LMS curves

provide a valid reference standard for the health assessment of vital capacity among local adolescents. Education authorities

should implement targeted interventions specifically aimed at younger students in rural areas and those with low BMI.

Keywords: LMS method; Cluster analysis; Children and adolescents; Vital capacity; Reference standards
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Table 1 Basic characteristics of the study population [ n(% ) ]

or (x+5s)
RE| B pega At
SRR (%)
6 3230(3.0) 3387(3.1) 6617(6.1)
7 5823(5.3) 6394(5.9) 12217(11.2)
8 5164(4.7) 5836(5.4) 11 000(10.1)
9 4.802(4.4) 5329(4.9)  10131(9.3)
10 4.867(4.5) 5540(5.1) 10 407(9.5)
11 4721(4.3) 5274(4.8) 9995(9.2)
12 4.864(4.5) 5471(5.0)  10335(9.5)
13 4614(4.2) 5159(4.7) 9 773(9.0)
14 4448(4.1)  4993(4.6) 9441(8.7)
15 4339(4.0)  4867(4.5) 9206(8.4)
16 4235(3.9)  4743(4.4) 8978(8.2)
17 4148(3.8)  4637(4.3) 8 785(8.1)
18 4057(3.7)  4534(4.2) 8 591(7.9)
BMI( kg/m?) 18.45+3.81 18.03+3.42  18.25 +£3.63
X (K. %)
W 41 652(52.3) 38053(47.7) 79705(73.1)
i) 15391(52.4) 13 976(47.6) 29 367(26.9)
A 1ETE
A1E 19 910(51.7) 18 614(48.3) 38 524(35.3)
B[R 37 133(52.6) 33 415(47.4) 70 548(64.7)
PR B
U 55314(52.4) 50309(47.6) 105 623(96.8)
R R 1729(50.1) 1720(49.9) 3449(3.1)

T BMI AR TR, A (v +5) o HAHEOR KL, Lhon(% ) %
No

R2 BAMITE RO S HH (ml) & LMS {5

Table 2 Percentile reference values and LMS values for lung capacity (ml) of boys

i (%) Lk L v s
P3 PS PIS PS‘) PXS P95 P97
6 517 544 624 810 1104 1364 1492 -0.59 810.40 0.27
7 546 579 677 904 1249 1540 1 678 -0.37 903. 54 0.29
8 623 665 791 1077 1 491 1821 1972 -0.17 1077.13 0.31
9 738 791 949 1294 1769 2127 2285 -0.02 1294.36 0.30
10 874 949 1123 1519 2 041 2 420 2 584 0.07 1518.76 0.28
11 1027 1092 1307 1758 2 338 2751 2927 0.13 1757.78 0.28
12 1 166 1257 1517 2 055 2733 3 205 3 405 0.21 2 054.98 0.28
13 1327 1442 1765 2 415 3199 3726 3 945 0.37 2 414.98 0.29
14 1520 1 662 2 054 2795 3625 4152 4 364 0.60 2794.52 0.27
15 1752 1923 2 371 3155 3 959 4 439 4 626 0.90 3154.70 0.24
16 2011 2 205 2 687 3463 4 199 4617 4776 1.24 3463.33 0.21
17 2 261 2 469 2 961 3701 4361 4720 4 856 1.61 3701.32 0.18
18 2298 2712 3200 3 894 4 484 4797 4913 1.98 3894.21 0.16
R3 WL A S EE (ml) K LMS {6
Table 3  Percentile reference values and LMS values for lung capacity (ml) of girls
[EE 0%

R Py Ps Pis Psy Pgs Pos Py - " >

6 521 547 623 799 1 069 1303 1417 -0.60 798.50 0.26
7 541 572 662 868 1175 1 429 1 548 -0.39 867.90 0.28
8 604 642 755 1 007 1 368 1651 1780 -0.20 1 007.42 0.29
9 712 760 899 1202 1616 1926 2 063 -0.06 1202.24 0.28
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(8:3)
[EEiRbE

FHRZ) Py Ps Pis Psy Pys Pys Py - " i
10 848 905 1 069 1419 1876 2 208 2 352 0.04 1 418. 66 0.27
11 988 1055 1245 1 642 2 150 2510 2 664 0.10 1 641.97 0.26
12 1114 1 191 1412 1867 2 439 2 840 3 009 0.16 1 866.67 0.26
13 1224 1313 1 564 2078 2713 3150 3334 0.22 2 077.54 0.27
14 1342 1439 1713 2261 2 924 3371 3557 0.29 2261.18 0.26
15 1 487 1589 1871 2 421 3 065 3491 3 665 0.36 2 420. 81 0.24
16 1 634 1736 2017 2552 3 161 3555 3714 0.42 2 552.09 0.22
17 1 740 1 842 2 120 2 640 3219 3 587 3735 0.48 2 640.24 0.20
18 1812 1914 2 189 2 697 3253 3 600 3740 0.55 2 697.19 0.19
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Fig.1 Percentile curves of lung capacity for boys
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Fig.2 Percentile curves of lung capacity for girls
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Table 4 Multiple regression analysis of adolescent lung capacity and its influencing factors
" RbRf (LR A PRI FREL R B AL
7
i B SE B tfd PAH P Vi
i -457.90 15.87 - -28.84  <0.001 - -
AERE 191.51 0.68 0.66 281.23 <0.001 0.57 1.77
BMI 32.57 0.53 0.12 61.39 <0.001 0.85 1.18
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i *Wﬁgt,%i‘& fﬁ%‘(%}%aé PRMEIL R A i Pl _ LS

S B wE VIF
M (%) -276.84 4.06 -0.14 -81.43  <0.001 0.99 1.01
1 () 262. 11 4.50 0.13 58.30  <0.001 0.62 1.61
B3 (A ) -23.57 4.41 -0.01 -5.62  <0.001 0.85 1.18
B (BRI -55.44 9.70 -0.01 -5.71  <0.001 0.99 1.01
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Table 5 Characteristics of the identified student clusters

T ok

=2k

s (n=16978) (n=s5327) (n 236 767) Fry? P
fili 7 £ (ml) 2 361.97 +970. 64 1 233. 01 +500. 53 2 578.26 +836. 11 44 166. 09 <0.01
AR (%) 12.50 +2. 66 8.55+1.71 14.34 +1. 89 102 636. 98 <0.01
BMI(kg/m?) 24.66 +2.72 15.97 +1.86 18.71 +1. 87 121 583 <0.01
B n( %) 10 403(61.3) 28 505(51.5) 18 135(49.3) 691.98 <0.01
FE n(%) 6 152(36.2) 7 714(13.9) 24 658(67.1) 27 293. 38 <0.01
A n (%) 13 505(79.5) 40 541(73.3) 25 659(69.8) 564. 14 <0.01
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