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Abstract: The aim of this study is to develop backpropagation neural networks (BPNN) for better prediction of ventilatory function in
children and adolescents. Nine hundred and ninety-nine healthy children and adolescents (500 males and 499 females) aged 10-18
years, all of the Han Nationality, were selected from Inner Mongolia Autonomous Region, and their heights, weights, and ventilatory
functions were measured respectively by means of physical examination and spirometric test. Using the approaches of BPNN and
stepwise multiple regression, the prediction models and equations for forced vital capacity (FVC), forced expiratory volume in one
second (FEV1), peak expiratory flow (PEF), forced expiratory flow at 25% of forced vital capacity (FEF25%), forced expiratory flow
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at 50% of forced vital capacity (FEF50%), maximal mid-expiratory flow (MMEF) and forced expiratory flow at 75% of forced vital
capacity (FEF75%) were established. Through analyzing mean squared difference (MSD) and correlation coefficient (R) of the
ventilatory function indexes, the present study compared the results of BPNN, linear regression equation based on this work (LR’s
equation), prediction equations based on the studies of Ip e al. (Ip’s equation) and Zapletal et al. (Zapletal’s equation). The results
showed, regardless of sex, the BPNN prediction models appeared to have smaller MSD and higher R values, compared with those
from the other prediction equations; and the LR’s equation also had smaller MSD and higher R values compared with those from Ip’s
and Zapletal’s equations. The coefficients of variance (CV) for FEF50%, MMEF and FEF75% were higher than those of the other
ventilatory function parameters, and their increasing percentages of R values (AR, relative to R values by LR’s equation) derived by
BPNN were correspondingly higher than those of the other indexes. In sum, BPNN approach for ventilatory function prediction out-
performs the traditional regression methods. When CV of a certain ventilatory function parameter is higher, the superiority of BPNN

would be more significant compared with traditional regression methods.
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Table 1. Anthropometric and respiratory parameters of the study

participants
Male (n = 500) Female (n =499)

Age (years) 13.61 £2.05 13.83 £2.11
Height (cm) 158.59 + 11.48" 155.26 + 7.63
Weight (kg) 48.75 + 12.19* 4724922
FVC (L) 3.46 + 0.89" 3.00 + 0.58
FEVI (L) 3,18+ 0.82 2.86+0.55
FEV1/FVC (%) 92.17 +5.87* 95.29+4.76
PEF (L/s) 6.97 + 1.80% 6.38 +1.30
FEF25% (L/s) 6.10 + 1.56" 5.86+1.19
FEF50% (L/s) 421+1.25 4.25+1.03
MMEEF (L/s) 3.74+1.14 3.82+0.94
FEF75% (L/s) 2.14 + 0.80" 228+0.71

FVC: forced vital capacity; FEV1: forced expiratory volume in
one second; PEF: peak expiratory flow; FEF25%: forced expira-
tory flow at 25% of forced vital capacity; FEF50%: forced ex-
piratory flow at 50% of forced vital capacity; MMEF: maximal
mid-expiratory flow; FEF75%: forced expiratory flow at 75% of
forced vital capacity. “P < 0.05 vs Female.

R2. B A FEAT L F R E
Table 2. CV of measured values of ventilatory function

Male (%) Female (%)
FvC 25.86 19.44
FEV1 25.70 19.20
PEF 25.82 20.30
FEF25% 25.56 20.36
FEF50% 30.11 2431
MMEF 30.50 24.70
FEF75% 37.16 31.08

CV: coefficient of variance; FVC: forced vital capacity; FEV1:
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 vi-
tal capacity; MMEF: maximal mid-expiratory flow; FEF75%:
forced expiratory flow at 75% of forced vital capacity.
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Fig. 1. The diagram of neural network for the prediction of ventilatory function. In this network diagram, the input contains three vari-

ables i.e. age, height and weight; The output contains one variable indicating the ventilatory function, like FVC, FEV1, PEF etc; The

hidden layer contains 30—100 neurons with the weight matrix W and the bias b; The output layer contains one neuron.
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Table 3. Predictive equations for ventilatory function of the males aged 1018 years by linear regression

Equation R Sq
FVC (L) —5.002 +4.109 x H+0.021 x W+ 0.069 x A 0.894 0.40137
FEVI (L) —4.811 +3.927 x H+0.015 x W+ 0.074 x A 0.897 0.36192
PEF (L/s) —7.362 +5.823 x H+0.033 x W+ 0.257 x A 0.807 1.06618
FEF25% (L/s) —4.778 +4.188 x H+ 0.032 x W+ 0.195 x A 0.742 1.04910
FEF50% (L/s) —4.883 +4.216 x H+0.016 x W+0.120 x A 0.671 0.94181
MMEF (L/s) —5.985+5.188 x H+0.110 x A 0.688 0.82888
FEF75% (L/s) —4.252+3.386 x H+0.075 x A 0.651 0.60625

H: height (m); W: weight (kg); A: age (year). R: correlation coefficient; S: standard error.

A 4.10~18% Jott L& F Y FAE A 48 S L@ AT F A2 X
Table 4. Predictive equations for ventilatory function of the females aged 10—18 years by linear regression

Equation R Sq
FVC (L) —2.779 +2.635 x H+ 0.026 x W + 0.032 x A 0.783 0.36413
FEVI (L) —3.205+2.981 x H+0.020 x W+ 0.037 x A 0.786 0.34001
PEF (L/s) —4.247+4.515xH+0.035 x W+0.142 x A 0.648 0.98894
FEF25% (L/s) —3.071 +3.699 x H+ 0.031 x W+ 0.126 x A 0.604 0.95332
FEF50% (L/s) —3.375+3.590 x H+ 0.018 x W+ 0.087 x A 0.526 0.88103
MMEF (L/s) —5.056 +4.893 x H+0.092 x A 0.545 0.79209
FEF75% (L/s) —3.743 +3.435 x H+ 0.050 x A 0.473 0.62482

H: height (m); W: weight (kg); A: age (year). R: correlation coefficient; S,: standard error.
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Table 5. Comparison of mean squared differences (MSD) between predicted and observed values of ventilatory function of male chil-
dren and adolescents derived from different predicting methods

FVC FEV1 PEF FEF25% FEF50% MMEF FEF75%
MSD Rank MSD Rank MSD Rank MSD  Rank MSD Rank MSD Rank MSD Rank
BPNN  0.0104 1 0.0114 1 0.0168 1 0.0260 1 0.0440 1 0.0406 1 0.0547 1
LR 0.0133 2 0.0132 2 0.0221 2 0.0275 2 0.0478 2 0.0457 2 0.0745 2
Ip 0.0201 4 0.0232 4 - - - - 0.0553 3 - - - -
Zapletal 0.0149 3 0.0143 3 0.0533 3 0.0611 3 0.0751 4 0.0683 3 0.1058 3

FVC: forced vital capacity; FEV1: 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; MMEF: maximal mid-expirato-
ry flow; FEF75%: forced expiratory flow at 75% of forced vital capacity; Rank, MSD rank in ascending order; BPNN: backpropaga-
tion neural network; LR: linear regression; Ip: Ip’s equation; Zapletal: Zapletal’s equation. Note: Ip’s equation set didn’t include equa-
tions of PEF, FEF25%, MMEF and FEF75%.
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Table 6. Comparison of mean squared differences (MSD) between predicted and observed values of ventilatory function of female

children and adolescents derived from different predicting methods

FvC FEV1 PEF FEF25% FEF50% MMEF FEF75%
MSD Rank MSD Rank MSD Rank MSD Rank MSD Rank MSD Rank MSD  Rank
BPNN  0.0108 1 0.0101 1 0.0187 1 0.0234 1 0.0365 1 0.0415 1 0.0713 1
LR 0.0141 2 0.0130 2 0.0234 2 0.0260 2 0.0428 2 0.0430 2 0.0744 2
Ip 0.0242 3 0.0292 3 - - - - 0.0618 3 - - - -
Zapletal 0.0343 4 0.0376 4 0.0411 3 0.0638 3 0.0984 4 0.1011 3 0.1707 3

FVC: forced vital capacity; FEV1: 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; MMEF: maximal mid-expirato-
ry flow; FEF75%: forced expiratory flow at 75% of forced vital capacity; Rank, MSD rank in ascending order; BPNN: backpropaga-
tion neural network; LR: linear regression; Ip: Ip’s equation; Zapletal: Zapletal’s equation. Note: Ip’s equation set didn’t include equa-
tions of PEF, FEF25%, MMEF and FEF75%.
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Table 7. Comparison of correlation coefficient (R) between predicted and observed values of ventilatory function of male children and
adolescents derived from different predicting methods

FVC FEV1 PEF FEF25% FEF50% MMEF FEF75%
R Rank R Rank R Rank R Rank R Rank R Rank R Rank
BPNN 0.9209 1 09353 1 0.8581 1 0.8019 1 0.7511 1 0.7729 1 0.7479 1
LR 0.8941 2 0.8969 2 0.8074 2 0.7420 2 0.6706 2 0.6882 2 0.6510 2
Ip 0.8742 3 0.8817 3 - - - - 0.6557 3 - - - -
Zapletal 0.8742 3 0.8816 4 0.7767 3 0.7101 3 0.6553 4 0.6804 3 0.6429 3

FVC: forced vital capacity; FEV1: 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; MMEF: maximal mid-expirato-
ry flow; FEF75%: forced expiratory flow at 75% of forced vital capacity; Rank, R rank in descending order; BPNN: backpropagation
neural network; LR: linear regression; Ip: Ip’s equation; Zapletal: Zapletal’s equation. Note: Ip’s equation set didn’t include equations
of PEF, FEF25%, MMEF and FEF75%.
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Table 8. Comparison of correlation coefficient (R) between predicted and observed values of ventilatory function of female children
and adolescents derived from different predicting methods

FVC FEV1 PEF FEF25% FEF50% MMEF FEF75%
R Rank R Rank R Rank R Rank R Rank R Rank R Rank
BPNN  0.8396 1 0.8393 1 0.7231 1 0.6660 1 0.6063 1 0.6339 1 0.5792 1
LR 0.7834 2 0.7863 2 0.6484 2 0.6043 2 0.5264 2 0.5446 2 0.4735 2
P 0.7091 3 0.7298 4 - - - - 04778 4 - - - -
Zapletal 0.7091 3 0.7301 3 0.5746 3 0.5314 3 04784 3 0.5122 3 0.4541 3

FVC: forced vital capacity; FEV1: 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; MMEF: maximal mid-expirato-
ry flow; FEF75%: forced expiratory flow at 75% of forced vital capacity; Rank, R rank in descending order; BPNN: backpropagation
neural network; LR: linear regression; Ip: Ip’s equation; Zapletal: Zapletal’s equation. Note: Ip’s equation set didn’t include equations
of PEF, FEF25%, MMEF and FEF75%.
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Table 9. Increasing percentage of correlation coefficient (AR) . N .
ars il . Al g N NN T AL 2R N
between the predicted and observed ones derived by BPNN A2 FHATARBTEE L) BP TR

compared with that derived by LR’s prediction equation KAEWS 16 2. B & 175 em. AT 61 kg ZPET5 /b
Male Female TEZ GBS IR TUME, &5 WK 11,
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Table 10. Measured and predicted values of ventilatory function indexes from a 10 years old boy (height: 136 cm, weight: 31 kg)
FVC (L) FEV1 (L) PEF (L/s)  FEF25% (L/s) FEF50% (L/s)  MMEEF (L/s) FEF75% (L/s)
Predicted value 2.38 2.04 4.10 3.93 2.56 1.99 1.30
Measured value 2.43 2.04 3.89 3.70 2.30 2.03 1.07
FVC: forced vital capacity; FEV1: 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; MMEF: maximal mid-expirato-
ry flow; FEF75%: forced expiratory flow at 75% of forced vital capacity.

L H5#16% . 5175 em. RE61 kgt b 42 i il A 3547 09 M BAE A A
Table 11. Measured value and predicted values of ventilatory function indexes from a 16 years old girl (height: 175 cm, weight: 61 kg)
FVC (L) FEVI(L) PEF(L/s) FEF25%(L/s)  FEF50%(L/s) MMEF (L/s)  FEF75% (L/s)
Predicted value 4.21 3.84 7.54 6.45 4.44 4.15 2.56
Measured value 4.17 3.87 7.65 6.55 4.67 4.34 2.61
FVC: forced vital capacity; FEV1: 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; MMEF: maximal mid-expirato-
ry flow; FEF75%: forced expiratory flow at 75% of forced vital capacity.
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