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K(P<0.01). H1 FFMI 5 FEF75% IEARG(P<0.05), Z 1 FFMI 5 FEF75% AAMHX. B4 FMI 5 FEV1. FEVI/FVC.
PEF. FEF25%. FEF50%. FEF75% fl MMEF 2 fif1%(P<0.05), M5 FVC A, Ltk FMI 5@ <5 fEmfatny
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9.00%, FEVI1 7> HIBHT—4E RS BLE I 11.38% 20.07%. 12.01% F19.14%. LiEMizhae st & E4E 12, 13 f118 ¥ FVC
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Relation between fat mass, fat free mass and ventilatory function in children
and adolescents
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Abstract: The aim of the present study was to evaluate the relation between fat mass (FM), fat free mass (FFM) and ventilatory
function in children and adolescents. 1 174 healthy children and adolescents (583 males and 591 females) aged 10-18 years were selected
from Heilongjiang Province through random sampling by means of questionnaire and physical examination, and measured for height,
weight, waist to hip ratio (WHR), FM, FFM and ventilatory function. The data were analyzed by means of independent-samples t test,
Pearson correlation analysis and multi-factors regression analysis. Regardless of sex, an independent positive correlation was found
(P<0.001) between age and FFM index (FFMI). FM index (FMI) correlated negatively with age in males (P<0.001), but positively
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with age in females (P<0.001). Regardless of sex, FFMI correlated positively with forced vital capacity (FVC), forced expiratory
volume in one second (FEV 1), peak expiratory flow (PEF), forced expiratory flow at 25% of forced vital capacity (FEF25%), FEF50%,
and maximal mid-expiratory flow (MMEF) (P<0.05), while negatively with FEV1/FVC (P<0.01). FFMI was correlated positively
with FEF75% in males (P<0.05), but not correlated in females. In males, FMI correlated negatively with FEV1, FEV1/FVC, PEF,
FEF25%, FEF50%, FEF75% and MMEF (P<0.05), but not correlated with FVC. No correlation was found between the ventilatory
function indices and FMI in females. Except FEV1/FVC and FEF75% in males, the effect of FFMI in predicting ventilatory function
was higher than FMI regardless of sex. Moreover, the predicting effect of FFMI was higher in males than that in females. Growth spurt
of lung function occurred in the ages of 12-15 years in males, while in the ages of 12, 13 and 18 years in females. During the period of
growth spurt of lung function, regardless of sex, the effect of FFMI in predicting the lung function was higher than that of age. In
conclusion, regardless of sex, FFMI correlates positively with ventilatory function, as a reflection of muscle mass. The effect of FFM
in predicting ventilatory function is higher in males than that in females. FM correlates negatively with ventilatory function in males,

but not in females. The rapid growth of height and FFM are possibly the main reasons for growth spurt of lung function.
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Table 1. Anthropometric, body composition and respiratory

parameters of the studied participants

Male (n=583)

Female (n=591)

Age (years) 14.3842.13 14.3542.20
Height (cm) 163.71+11.87* 157+7.67
WHR 0.82+0.06" 0.77+0.05
WC (cm) 72.1210.04* 67.82+8.23
FMI (kg/m?) 1.81+1.77* 3.3441.82
FFMI (kg/m>) 18.58+2.64 16.73+1.95
FVC (L) 3.98+1.01% 3.0740.57
FEVI (L) 3.6740.93" 2.93+0.53
FEVI/FVC (%)  92.41+5.67" 95.64+4.38
PEF (L/s) 8.0342.17* 6.51£1.15
FEF25% (L/s) 6.95+1.96" 5.96+1.13
FEF50% (L/s) 4.9+1.54% 4.34+1.00
FEF75% (L/s) 2.59+1.05" 2.3620.75
MMEF (L/s) 4.40+1 .44 3.91+0.93

WHR: waist to hip ratio; WC: waist circumstance; FMI: fat mass
index; FFMI: fat free mass index; FVC: forced vital capacity;
FEV1: forced expiratory volume in one second; PEF: peak expi-
ratory flow; FEF25%: forced expiratory flow at 25% of forced
vital capacity; FEF50%: forced expiratory flow at 50% of forced
vital capacity; MMEF: maximal mid-expiratory flow; FEF75%:
forced expiratory flow at 75% of forced vital capacity. MMEF:

maximal mid-expiratory flow. “P<0.001 vs Female.
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P<0.001), FERFFMI kRN ZS: B
PEAERE AT FMI 2 61 A155(r=-0.372, P<0.001), iM%
PEAEES AT FMI 521 4H25(r=0.257, P<0.001).
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Table 2. Partial correlations coefficients of FFMI with ven-
tilation indexes while controlling the effects of age, height
and FMI

Male Female
r P r P
FVC (L) 0.368 0.000 0.308 0.000
FEV1 (L) 0.324 0.000 0.277  0.000
FEV1/FVC (%) -0.124 0.003 -0.137  0.001
PEF (L/s) 0.263 0.000 0.250  0.000
FEF25% (L/s) 0.236 0.000 0.203 0.000
FEF50% (L/s) 0.207 0.000 0.154  0.000
FEF75% (L/s) 0.082 0.047 0.051 0.221
MMEF (L/s) 0.173 0.000 0.088 0.032

FVC: forced vital capacity; FEV1: forced expiratory vol-
ume in one second; PEF: peak expiratory flow; FEF25%:
forced expiratory flow at 25% of forced vital capacity;
FEF50%: forced expiratory flow at 50% of forced vital
capacity; FEF75%: forced expiratory flow at 75% of forced
vital capacity; MMEF: maximal mid-expiratory flow; r:
partial correlations coefficient. When the P value is less
than 0.05, the two indexes are significantly correlated.

K3 IEW AR E 155 A L E F A8 A A AR AR R AR X
SATEEH . F 5. FBRTHRE

Table 3. Partial correlations coefficients of FMI with ven-
tilation indexes while controlling the effects of age, height
and FFMI

Male Female
r P r P
FVC (L) -0.052 0.186 -0.004 0.919
FEVI1 (L) -0.084 0.032 0.008 0.840
FEV1/FVC (%) -0.078 0.046 0.027  0.519
PEF (L/s) -0.124 0.001 -0.017  0.672
FEF25% (L/s)  -0.084 0.032 0.011 0.795
FEF50% (L/s)  -0.084 0.031 0.009 0.827
FEF75% (L/s)  -0.122 0.002  -0.040 0.331
MMEF (L/s) -0.096 0.014  -0.009 0.823

FVC: forced vital capacity; FEV1: forced expiratory vol-
ume in one second; PEF: peak expiratory flow; FEF25%:
forced expiratory flow at 25% of forced vital capacity;
FEF50%: forced expiratory flow at 50% of forced vital
capacity; MMEF: maximal mid-expiratory flow; FEF75%:
forced expiratory flow at 75% of forced vital capacity; r:
partial correlations coefficient. When the P value is less

than 0.05, the two indexes are significantly correlated.



FEPIAEE. JLEF/DEFM . FEM FIE S ThRE 6 & 459

% 4. B ¥ZiXAE FVC. FEV1. FEVI/FVC. PEF. FEF25%. FEF50%. FEF75%. MMEF it 7 #2 X #. & & . FFMI.
FMI 4740 1= )3 2 4K

Table 4. Standardized regression coefficients () for age, height, FFMI and FMI in models predicting FVC, FEV1, FEV1/FVC, PEF,
FEF25%, FEF50%, FEF75% and MMEF of male subjects

Age (year) Height (cm) FFMI (kg/m?) FMI (kg/m?)

B P B P B P B P

FVC (L) 0.237 0.000 0.513 0.000 0.244 0.000 — —

FEV1 (L) 0.282 0.000 0.490 0.000 0.207 0.000 — —
FEVI1/FVC (%) — — — — — — -0.143 0.001
PEF (L/s) 0.429 0.000 0.230 0.000 0.225 0.000 -0.080 0.009

FEF25% (L/s) 0.432 0.000 0.186 0.000 0.198 0.000 — —

FEF50% (L/s) 0.333 0.000 0.258 0.000 0.175 0.000 — —
FEF75% (L/s) 0.320 0.000 0.264 0.000 0.084 0.047 -0.100 0.007

MMEF (L/s) 0.367 0.000 0.262 0.000 0.134 0.000 — —

FMI: fat mass index; FFMI: fat free mass index; FVC: forced vital capacity; FEV 1: forced expiratory volume in one second; PEF:
peak expiratory flow; FEF25%: forced expiratory flow at 25% of forced vital capacity; FEF50%: forced expiratory flow at 50%
of forced vital capacity; FEF75%: forced expiratory flow at 75% of forced vital capacity; MMEF: maximal mid-expiratory flow;
B is the standardized coefficient. All models given in the table are statistically significant (P=0.000).
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Table 5. Standardized regression coefficients () for age, height, FFMI and FMI in models predicting FVC, FEV1, FEV1/FVC, PEF,
FEF25%, FEF50%, FEF75% and MMEF of female subjects

Age (year) Height (cm) FFMI (kg/m?) FMI (kg/m?)

B P B P B P B P

FVC (L) 0.254 0.000 0.531 0.000 0.226 0.000 — —
FEV1 (L) 0.305 0.000 0.547 0.000 0.188 0.000 — —
FEV1/FVC (%) 0.192 0.000 — — -0.138 0.001 — —
PEF (L/s) 0.273 0.000 0.377 0.000 0.212 0.000 — —
FEF25% (L/s) 0.244 0.000 0.345 0.000 0.188 0.000 — —
FEF50% (L/s) 0.242 0.000 0.313 0.000 0.148 0.000 — —
FEF75% (L/s) 0.290 0.000 0.292 0.000 — — — —
MMEF (L/s) 0.282 0.000 0.326 0.000 0.078 0.027 — —

FMI: fat mass index; FFMI: fat free mass index; FVC: forced vital capacity; FEV 1: forced expiratory volume in one second; PEF:
peak expiratory flow; FEF25%: forced expiratory flow at 25% of forced vital capacity; FEF50%: forced expiratory flow at 50%
of forced vital capacity; FEF75%: forced expiratory flow at 75% of forced vital capacity; MMEF: maximal mid-expiratory flow;
B is the standardized coefficient. All models given in the table are statistically significant (P=0.000).
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Table 6. Linear regression equations for FVC, FEV1, FEV1/FVC, PEF and MMEF including terms of body composition

Gender Equation R?

FVC (L) Male -6.240+0.042xheight+0.114xage+0.096 xFFMI 0.723
Female -4.245+0.035xheight+0.057xage+0.059xFFMI 0.596
FEV1 (L) Male -5.661+0.038xheight+0.124xage+0.073xFFMI 0.726
Female -4.116+0.034xheight+0.063 xage+0.047 xFFMI 0.655

FEVI1/FVC (%) Male 93.115-0.451xFMI 0.021
Female 95.456+0.375%age-0.309xFFMI 0.042
PEF (L/s) Male -8.434+0.042xheight+0.439%age+0.187xFFMI-0.098 xFMI 0.584
Female -5.847+0.054xheight+0.129xage+0.121 xFFMI 0.418
MMEF (L/s) Male -5.621+0.031xheight+0.249xage+0.072xFFMI 0.446
Female -4.156+0.037xheight+0.109%age+0.036xFFMI 0.304

FMI: fat mass index; FEMLI: fat free mass index; FVC: forced vital capacity; FEV1: forced expiratory volume in one second. PEF: peak
expiratory flow; MMEF: maximal mid-expiratory flow; {3 is the standardized coefficient. All models given in the table are statistically
significant (P=0.000).

AT FH FoILEF S FEFEREFVC. FEVI
Table 7. The FVC and FEV1 of diffferent age groups from male and female children and adolescents

Age group n FVC (L) FEVI (L)

Male Female Male Female Male Female
10 27 33 2.60+0.507 2.37+0.35 2.36+0.44 2.194+0.30
11 54 63 2.71+0.48% 2.45+0.38 2.47+0.407 2.32+0.38
12 66 67 2.98+0.607 2.78+0.44 2.75+0.55% 2.62+0.39
13 71 64 3.59+0.87% 3.04+0.46 3.30+0.77% 2.91+0.43
14 53 57 4.01+0.81% 3.16+0.54 3.70+0.77% 3.03£0.47
15 104 96 4.38+0.70" 3.25+0.46 4.04+0.63" 3.13£0.45
16 115 118 4.61£0.66" 3.23+0.46 4.27+0.60" 3.09+0.39
17 67 64 4.71£0.66" 3.26+0.50 4.35+0.56" 3.11£0.41
18 26 29 4.72+0.76" 3.58+0.72 4.39+0.75" 3.44+0.66

FVC: forced vital capacity; FEV1: forced expiratory volume in one second; Male: FVC (F=88.62, P=0.000), FEV1 (F=98.29, P=0.000);
Female: FVC (F=43.39, P=0.000), FEV1 (F=57.86, P=0.000); “P<0.001 vs female.
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Fig. 1. Lung function in different age groups from male and female children and adolescents. A: FVC in different age groups. B: FEV1 in
different age groups.
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& 8. % iKA FVC. FEVIEH — A F#E3E o eh 7 51k
Table 8. Percentage increases of FVC and FEV1 in the subjects
compared with the former age group

AFVC (%) AFEV1 (%)

Age group
Male Female Male Female

10 - - - -
11 431 3.31 4.80 5.60
12 10.05 13.73 11.38 13.17
13 20.41 9.07 20.07 11.12
14 11.75 4.23 12.01 391
15 9.00 2.68 9.14 3.54
16 5.34 -0.53 5.67 -1.41
17 2.15 0.90 1.86 0.75
18 0.20 9.76 1.00 10.62
Average 7.90 5.39 8.24 591

FVC: forced vital capacity; FEV1: forced expiratory volume in
one second. AFVC and AFEV1 represent the percentage increases
of FVC and FEV1 in the subjects compared with the former age
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£9.12~15 % F 1A e FVC. FEVI 0 7 42 X b a9 47440 = )3 2 4
Table 9. Standardized regression coefficients () for age, height, FFMI and FMI in the models predicting FVC, FEV1 in 12-15 years old males

Age (year) Height (cm) FFMI (kg/m?) FMI (kg/m?)

B P B P B P B P

FVC (L) 0.169 0.001 0.497 0.000 0.271 0.000 - -
FEVI (L) 0.163 0.002 0.532 0.000 0.231 0.000 - -

FMI: fat mass index; FFMI: fat free mass index; FVC: forced vital capacity; FEV1: forced expiratory volume in one second. All models

given in the table are statistically significant (P=0.000).

£.10.12~13 % kM AT 48 FVC. FEVI FUR 5 A2 X 4947 B )2 2 2K
Table 10. Standardized regression coefficients (3) for age, height, FFMI and FMI in the models predicting FVC, FEV1 in 12-13 years old females

Age (year) Height (cm) FFMI (kg/m?) FMI (kg/m?)

B P B P B P B P

FVC (L) 0.208 0.002 0.526 0.000 0.265 0.000 - -
FEVI (L) 0.220 0.001 0.549 0.000 0.237 0.000 - -

FMI: fat mass index; FFMI: fat free mass index; FVC: forced vital capacity; FEV1: forced expiratory volume in one second. All models

given in the table are statistically significant (P=0.000).

A 1118 5 LW HEFVC. FEVI it 7 42 X b 6947 L= )3 2 4K
Table 11. Standardized regression coefficients () for age, height, FFMI and FMI in models predicting FVC, FEV1 in 18 years old females

Age (year) Height (cm) FFMI (kg/m?) FMI (kg/m?)

B P B P B P B P

FVC (L) - - 0.313 0.034 0.448 0.003 - -
FEVI (L) - - - - 0.436 0.007 - -

FMI: fat mass index; FFMI: fat free mass index; FVC: forced vital capacity; FEV1: forced expiratory volume in one second. All models

given in the table are statistically significant (P=0.000).
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