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ABSTRACT: The functional relationship of gender, anthropometric measures and 
respiratory condition in predicting respiratory function in children was explored, 
using data collected In a random sample survey in Central Italy (2,176 subjects). 

Regression equations for the logarithmic transformation of the functional data 
were obtained, using sex, ln(beight), ln(body mass index) (BMI) and ln(age) as 
predicting variables. The fit of the model was better for forced vital capacity 
(FVC), forced expiratory volume In one second (FEV

1
) and peak expiratory flow 

(PEF) (R2=0.655, 0.603 and 0.312, respectively) than for maximal expiratory flows. 
Variables indicating the presence of respiratory conditions (recent respiratory 
infections, asthma, cough and/or phlegm) were forced in the models; only a 
marginal change In the predictions was observed. Data analysis while controlling 
for FVC, as a proxy for total lung capacity, revealed no substantial sex difference 
in airways; furthermore, airways size relative to lung size falls with increasing 
FVC in both sexes. In overweight subjects (BMI >90th percentile) the relationship 
between height and lung volume was modified by sex, the coefficient for ln(helght) 
being higher In girls and lower In boys. 

A comparison between equations from the present study and available 
reference data revealed that our population differs from standards derived 
from laboratory data and is more similar to those derived from population 
studies. 
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Several investigations of spirometric variables in 
children have been reported using data collected from 
normal subjects in small communities or during the 
routine activity of clinical physiology laboratories [1]. 
Population-based studies have been carried out nearly 
exclusively in North America on white and black 
children [2, 3], Indians [4] and Hispanics [5]. Moreo
ver, distribution of spirometric variables in representa
tive samples of pre-adolescent children in Europe, based 
on data collected according to international standards 
[6], has not been reported, although efforts to provide 
European reference values are in progress [1]. 

[8], has been shown to positively predict lung volumes 
[3]; however, the precise meaning of this index in 
children - adiposity, muscular mass or merely trunk size 
- has not been settled. There are also data on Chinese 
schoolchildren [9] suggesting that overweight influences 
spirometric data differently in the two sexes. 

It has been well established that standing height is 
the most important anthropometric variable in predicting 
spirometric data [1, 2]. Recent epidemiological obser
vations, however, indicate that a complex relationship 
exists between sex, height, age and weight in predicting 
lung function, and that gender modifies the relationship 
between height and lung flows [3, 7). Moreover, it is 
difficult to establish the independent effect of weight, 
given its collinearity with height. The Quetelet Index 
(weight/height2), only partially correlated with height 

The purpose of the present work was to explore the 
functional relationship of gender and anthropometric 
measures in predicting respiratory variables, using the 
data collected during an epidemiological survey of 
schoolchildren in Latium, Italy [10]. The entire 
sampled population (i.e. without exclusion on the basis 
of respiratory symptoms) was taken as a reference to 
estimate regression equations; the effects of respiratory 
symptoms and diseases on lung function values were 
then also evaluated. On the basis of regression 
equations, percentiles for forced vital capacity (FVC) 
and forced expiratory volume in one second (FEV 

1
) 

were estimated. Finally, lung function data from the 
present investigation were compared with data on US 
white children and with other reference values available 
from the European literature. 
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Methods 

Subjects and data collection 

A cross-sectional survey, designed to analyse the 
role of environmental factors in asthma prevalence, 
was conducted in 1987 within three geographic areas 
of the Latium region of Central Italy (the city 
centre of Rome (RM); an industrialized town, 
Civitavecchia (CV); and three small communities in 
a rural area near Viterbo (VT) [10]. A complete 
list of all the primary schools from the three areas 
was obtained (3 for VT, 20 for RM and 16 for CV). 
The study was designed so that at least 900 children 
were included for each area. The schools within 
each area were sequentially sampled so as to enrol 
schoolchildren from the second to the fifth grade. 
A total of 17 schools were chosen (3 for VT, 10 
for RM and 4 for CV) and all 3,092 children 
(978, 1,137 and 977, respectively) were enrolled for the 
study. 

Data regarding symptoms or diseases of children 
and family members were requested from the children's 
parents using a self-administered questionnaire 
adapted from the American Thoracic Society (ATS) -
Division of Lung Diseases - instrument [6], tog
ether with written consent for a medical and a 
spirometric examination. Due to technical and temporal 
constraints, however, a subgroup of 303 children 
(79, 158 and 66 for VT, RM and CV, respectively), 
all in the fifth grade, could not be included in the 
clinical tests, leaving a final target sample of 2, 789 
subjects. 

A medical examination was performed together 
with measurement of weight (kg) and standing 
height (cm) in stocking feet. Pulmonary function 
measurements were taken using three water-sealed 
light bell spirometers (Biomedin, Padua, Italy) equipped 
with a potentiometer connected, by a 12 bit AID 
converter, to a PC. The instrument performance was 
in agreement with the standards suggested by the 
American Thoracic Society [6, 11]. Software made it 
possible to collect, analyse and store the data as well 
as to produce a real-time graphic display of each res
piratory manoeuvre. Body temperature and, atmosphere 
pressure (BTPS) correction factors were automatically 
computed by assuming room temperature and pressure 
as good approximation of the spirometer conditions. 
The examiners were trained in spirometric testing by 
two pulmonary physicians (RP and GMC). At least 
three successful forced expiratory manoeuvres, out of 
a maximum of eight trials, were required for each 
subject. The beginning of each expiration was auto
matically identified using the backward extrapolation 
technique, and the end was identified as a change of 
volume <25 ml in 0.5 s. The operators accepted only 
forced expirations which met the criteria recommended 
by ATS [6, 11, 12] and all tracings were reviewed by 
pulmonary physicians to verify that the acceptability 
criteria had been met. 

Data analysis 

FVC, FEV1, FEV/FVC ratio, peak expiratory flow 
(PEF), maximum expiratory flows at 50 and 25% of 
FVC above residual volume (MEF

50
, MEF

25
) and the 

mean forced expiratory flow during the middle half of 
the FVC (FEEz.

5
_75) were all considered as dependent 

variables. Sex, age and anthropometric measurements 
such as height, weight and Quetelet body mass 
index (BMI) (weight/height2), were the independent 
variables. The following specific definitions were 
adopted: "Recent respiratory infection" was applied 
when cold, influenza or acute bronchitis had occurred 
in the two weeks prior to the examination; "Asthma" 
was defined as either "physician-diagnosed asthma" or 
as at least three of the following - wheeze with colds, 
wheeze apart from colds, dyspnoea associated with 
wheeze, and wheeze after exercise; "Cough and 
phlegm" (i.e. cough and/or phlegm apart from colds) 
and presence of "Allergic rhinitis" were also consid
ered. 

The analysis was performed on the basis of the en
tire sample in the ages 7-11 yrs. Values of FVC and 
FEV 1 were plotted against the anthropometric variables 
in order to explore the functional shape of the associa
tions; then the median curves of the same spirometric 
variables, separately for each sex, were graphed versus 
height. Finally, empirical percentiles of FVC and FEV

1 
versus height were described by sex. The graphic 
analysis showed that the relationship between functional 
data and height was non-linear, the variability of 
spirometric measures increasing with height, BMI and 
age. A logarithmic transformation was then used to 
linearize this relationship and to stabilize the 
variance. 

Multiple regression techniques were used to develop 
prediction equations. Stepwise regression was 
performed using the following equation: 

ln(y) = a+b·ln(height)+dn(age)+d·ln(BMI)+e·sex 

where y is the spirometric variable. 
Weight, which was obviously correlated with BMI 

(r=0.863), was separately tested as an alternative to 
BMI. Slightly higher R2 values were obtained for 
models including BMI, which were then preferred. On 
the basis of these models, interaction terms for sex were 
tested for significance (p=0.05). Lastly, residual 
analysis was performed to assess independence, 
normality and variance stability. 

The effects of reported respiratory symptoms or 
illnesses on lung volumes were assessed, by entering 
into the models indicator variables (O=no, 1=yes) 
corresponding to "Recent respiratory infection", 
"Asthma", "Cough and phlegm" and "Allergic rhinitis". 
A new variable, defined as positive when any one of 
the above symptoms/illnesses had been reported, was 
also tested. 

In an attempt to replicate findings from ScHWARTZ et 
al. [7], who found that the female performance 
exceeded that of males for lungs of the same size, FVC 
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was considered as an indicator of lung volume. 
Stepwise regressions were then performed for each 
respiratory function parameter, after controlling for 
ln(FVC), in order to evaluate whether sex differences 
in lung function were present when lung size was 
taken into account. 

The role of BMI in the models predicting FVC 
and FEV

1 
was further examined to establish whether 

the relationship between ln(height) and lung function 
was different among subjects with higher and those 
with normal values of BMI. Overweight boys and 
girls were defined as those in the upper deciles of 
the sex-specific distributions of BMI. Separate models 
for each sex, within normal and overweight subjects, 
were fitted with ln(height), ln(BMI) and ln(age) as 
dependent variables. Possible differences in partial 
regression coefficients between normal and over
weight individuals were tested by means of a Z-test 
[13]. 

Results 

Data regarding symptoms or diseases were obtained 
from the parents of 2,648 children (94.9% of the 2,789 
eligible). A medical examination was performed on 
2,306 (82.7%) subjects. Eight children with important 
neurological disorders did not undergo pulmonary 
function testing, and 115 subjects were unable to 
perform a satisfactory forced expiratory manoeuvre. 
Subjects <7 yrs of age (n=5) or >11 yrs (n=12) were 
excluded from the analysis, leaving a final sample of 
2,176 individuals. The response rate increased signifi
cantly with age but it did not differ between sexes 
(table 1). 

Table 2 illustrates the anthropometric characteristics 
of the reference population. The study group included 
940 individuals ( 43.2%) with reported respiratory 
symptoms or illnesses or with an upper respiratory 
tract infection during the previous two weeks. 
More precisely, "Recent r~spiratory infections" 
were reported in 34.2% of subjects, "Asthma" in 
7.3%, "Cough and phlegm" in 6.7%, "Allergic 
rhinitis" in 5.6%. During the medical examination, 
only 8 subjects reported occasional smoking expe
rience. 

Regression equations 

Simple correlation coefficients were calculated be
tween the natural logarithm (In) of the spirometric 
variables and that of the independent variables. The 
correlation between FVC (FEV

1
) and height was 0.77 

(0.76), whereas the correlations between FVC (FEV
1
) 

and age and BMI, were somewhat lower, i.e. 0.57 
(0.57) and 0.39 (0.36), respectively. The correlations 
between PEF, MEF50, MEFw FEF25-75 and height, age, 
and BMI had even lower values. 

Regression equations for In of the spirometric 
variables (table 3) were obtained using ln(height), 
In(BMI), ln(age) and sex as predicting factors. Height 
significantly predicted all of the spirometric variables. 
Both BMI and age, although to some extent collinear 
with height (r=0.32 and 0.65, respectively), were 
independently associated with an increase in lung 
volumes. Ln(BMI), however, showed a negative 
association with FEV/FVC ratio and predicted 
only some of the lung flows (PEF and MEF

50
). 

Age, on the other hand, seems to play a more 
prominent role in predicting lung flows than in 
predicting lung volumes. Males outperform females 
with regard to lung volumes and PEF, other flows did 
not differ between sexes and FEV/FVC was higher in 
females. 

The possible modifying effect of gender on the 
relationship between spirometric variables and height, 
age and BMI was tested by forcing interaction terms 
in the models when the main factors were already 
included. No significant contribution was, however, 
observed. 

Respiratory symptoms 

Table 4 shows the regression equations predicting 
pulmonary variables when indicator variables for re
ported respiratory symptoms or illnesses were forced in 
the models. The presence of "Asthma" or "Cough and 
phlegm" was combined in one variable to avoid the 
partial overlap between the two. The model for 
ln(FVC) was not affected by respiratory conditions, 
whereas the presence of "Asthma/cough and phlegm" 
significantly lowered FEV1 and expiratory flows. 

Table 1. - Subjects with acceptable* and unacceptable spiro
metric data by age and sex, Latium, Italy, 1987 

Acceptable spirometry Unacceptable spirometry 

Age Males Females Total Males Females Total 
yrs 

7 152 170 322 16 13 29 
8 261 273 534 18 14 32 
9 296 277 573 14 13 27 

10 320 287 607 6 9 15 
11 80 60 140 5 3 8 

Total 1109 1067 2176 59 52 111 

• Acceptable: meets ATS criteria. 
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Table 2. - Mean values (so) of height, weight and body mass index (BMI) for subjects with acceptable 
spirometry by sex and age, Latium, Italy, 1987 

Males Females 

Age n Height Weight BMI Age n Height Weight BMI 
yrs cm kg kg·m-2 yrs cm kg kg·m·2 

7 152 129.3 27.8 16.5 7 170 128.1 27.5 16.7 
(7.6)* (6.0) (5.5) (2.5) (7.7) (5.7) (4.7) (2.2) 

8 261 134.2 30.5 16.8 8 273 133.1 29.9 16.7 
(8.5) (6.1) (6.5) (2.7) (8.5) (6.5) (6.7) (2.8) 

9 296 139.9 34.7 17.6 9 277 139.1 34.4 17.7 
(9.5) (6.9) (7.5) (2.9) (9.5) (7.2) (7.8) (3.0) 

10 320 144.2 38.1 18.2 10 286 145.1 37.5 17.6 
(10.5) (7.2) (9.2) (3.5) (10.5) (7.9) (9.0) (3.0) 

11 80 146.1 40.3 18.6 11 60 147.8 39.5 18.0 
(11.2) (7.9) (10.7) (4.2) (11.1) (8.2) (7.4) (2.6) 

•: values in parentheses indicate median age for the group. 

Table 3. - Regression coefficients for predictive equations of lung volumes and flows (ml), Latium, Italy, 
1987 

Coefficients ln(FVC) ln(FEV) FEV/FVC ln(FEF 2.1-,) ln(PEF) ln(MEF5J ln(MEF
25

) 

Intercept -0.717 -0.580 0.980 1.047 1.723 2.457 1.337 
ln(height) cm 1.902 1.800 -0.068 1.264 1.324 1.055 1.096 
ln(BMI) kg·cm·2 0.202 0.165 -0.037 0.109 0.080 
ln(age) 0.169 0.187 0.340 0.388 0.426 0.305 
Sex• -0.064 -0.048 0.014 -0.061 

R2 0.655 0.603 0.026 0.187 0.312 0.171 0.082 
RSD 0.116 0.121 0.067 0.246 0.206 0.263 0.348 

BMI: body mass index; •: sex is 0 for males and 1 for females; RSD: residual standard deviations; FVC: forced 
vital capacity; FEV

1
: forced expiratory volume in one second; FEV/FVC: FEV

1 
and FVC ratio; FEF2S-- : forced 

expiratory flow during the middle half of the FVC; PEF: peak expiratory flow; MEF
50 

and MEF
25

: ~aximum 
expiratory flows at 50 and 25% FVC above residual volume, respectively. 

Table 4. - Regression coefficients for predictive equations of lung volumes and flows (ml) including respiratory 
diseases or symptoms Latium, Italy, 1987 

Coefficients ln(FVC) ln(FEV
1
) FEV/FVC ln(FEF 

25
_

75
) ln(PEF) ln(MEF

50
) ln(MEFJ 

Intercept -0.712 -0.525 1.016 1.757 1.789 2.670 1.411 
ln(height) cm 1.903 1.796 -0.072 1.211 1.323 1.045 1.095 
ln(BMI) kg·cm·2 0.203 0.169 -0.035 (0.062) 0.114 0.094 (0.006) 
In( age) 0.168 0.186 (0.016) 0.329 0.381 0.408 0.297 
Sex* -0.064 -0.049 0.014 (-0.010) -0.062 (-0.010) (0.026) 
Recent respiratory infections (-0.004) (-0.003) (0.001) -0.034 -0.021 -0.047 (-0.023) 
Asthma or cough and phlegm (-0.010) -0.035 -0.020 -0.113 -0.037 -0.109 -0.164 
Allergic rhinitis (0.010) (-0.007) (-0.011) (-0.041) (-0.007) (-0.046) (-0.033) 

R2 0.655 0.607 0.037 0.212 0.316 0.195 0.106 
RSD 0.116 0.121 0.066 0.243 0.206 0.192 0.343 

•: sex is 0 for males and 1 for females. Values in brackets are not statistically significant, p>0.05. For abbreviations see 
legend to table 3. 

Having a "Recent respiratory infection" did not affect 
volumes but lowered pulmonary flows other than 
MEF25 • The presence of "Allergic rhinitis" did not 
significantly contribute to any model. The partial 
regression coefficients for height, BMI, age and 
sex were not affected by the introduction of indicator 
variables for respiratory conditions. Overall, the 

contribution of the presence of any one of the 
above reported symptoms/illnesses to pulmonary 
performance was a marginal 1% decrease in ln(FEV ) 
(p=0.052) and highly significant negative regressio

1
n 

coefficients for the natural logarithm of the flows 
(FEF25_75 : -0.056; PEF: -0.024; MEF

50
: -0.063; 

MEF 
25

: -0.058). 
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Regression equations controlling for ln(FVC) 

Ln(FVC), as a proxy of lung size, was forced in 
stepwise regression before allowing other independent 
variables to enter (table 5). This was done to examine 
whether gender and the anthropometric variables still 
predict lung function when lungs of the same size are 
considered. Although the R2 value for ln(FEV J was 
higher than in the previous model (table 4 J, the 
accuracy of the other models was not grossly modified. 
Height and age still had a role in predicting lung 
function, whereas BMI influenced neither FEV 

1 
nor flows. In examining the FEV/FVC ratio, the 
negative coefficient for ln(FVC) suggested that airway 
size relative to lung size falls with increasing 
FVC. The effect of sex in predicting FEV

1 
and 

FEV/FVC was no longer present as an indication of 
similarity between males and females when lungs of the 
same size were considered. It appeared, however, that 
females had higher MEF

25
, whereas PEF was still 

significantly higher in males; the regression coefficient 
for sex in the model for ln(PEF), on the other hand, 
was about half of that reported in table 4. Finally, the 
introduction of ln(FVC) revealed a significant negative 
contribution of "Allergic rhinitis" in predicting lung 
volumes and flows. 

Normal and overweight subjects 

A total of 112 males and 105 females were consid
ered to be overweight (BMI >21.7 and BMI >21.2 
kg·m·2

, respectively). Table 6 shows separate models 
for normal and overweight subjects in the two sexes. 
In males, partial regression coefficients for ln(height) 
were lower among overweight individuals than in 
normal subjects and the difference was significant for 
ln(FVC) (p<O.OS). The opposite was the case in 
females, the coefficient for ln(height) in overweight girls 
being significantly higher than in normal subjects. 
Ln(BMI) still did not predict lung function among 
overweight boys or girls. 

Percentile curves 

Theoretical percentile curves were derived from the 
regression equations for FVC and FEV

1 
only. For the 

range of height 125-155 cm, which included 10 or 
more subjects for each centimetre of height, the em
pirical distributions of FVC and FEV

1 
were evaluated as 

approximately normal. Simplified models, including 
only height, were used to estimate both the expected 
median values and the standard deviation of the 
residuals (RSD). Table 7 shows the 5th, the lOth, the 

Table 5. - Regression coefficients for predictive equations of lung volumes and flows (ml) controlling for 
ln(FVC) and including respiratory diseases or symptoms, Latium, Italy, 1987 

Coefficients ln(FEV
1
) FEV/FVC ln(FEF25_75) ln(PEF) ln(MEF50) ln(MEF25) 

Intercept 0.033 0.885 2.091 2.113 2.929 
ln(FVC) 0.791 -0.183 0.453 0.449 0.388 
ln(height) cm 0.283 0.276 0.369 0.473 0.309 
ln(BMI) kg·cm-2 
ln(age) 0.062 0.047 0.253 0.299 0.345 
Sex• -0.034 
Recent respiratory infections -0.032 -0.019 -0.045 
Asthma or cough and phlegm -0.028 -0.022 -0.109 -0.032 -0.105 
Allergic rhinitis -0.016 -0.046 -0.050 

R2 0.849 0.135 0.247 0.360 0.220 
RSD 0.074 0.063 0.237 0.199 0.256 

•: sex is 0 for males and 1 for females. For abbreviations see legend to table 3. 

Table 6. - Sex-specific regression coefficients in models predicting ln(FVC) and ln(FEV,) 
in normal and overweight subjects, Latium, Italy, 1987 

Males Females 

Normal Overweight p-valuen Normal Overweight p-valueu 
n=991 n=112 n=954 n=105 

ln(FVC) 
ln(height) 1.996 1.554 0.022 18.11 2.264 0.026 
ln(BMI) 0.211 0.143• 0.268 0.218 0.074• 0.136 
ln(age) 0.108 0.285 0.061 0.227 0.123• 0.195 
Intercept -0.987 0.393 -0.360 -3.260 

ln(FEV
1
) 

ln(height) 1.710 1.412 0.076 1.888 2.204 0.095 
ln(BMI) 0.176 0.143• 0.375 0.172 0.030• 0.135 
ln(age) 0.175 0.332 0.072 0.176 0.268 0.367 
Intercept -0.042 0.904 -0.989 -3.644 

•: nonsignificant contribution to the model (p>0.05); ••: Z-test for differences of regression coeffi-
cients (overweight vs normal subjects). For abbreviations see legend to table 3. 

1.711 
0.458 

0.218 
0.055 

-0.159 
-0.038 

0.127 
0.339 
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25th, the 75th, the 90th and the 95th percentiles of 
FVC and FEV1, given separately by sex, as percentage 
of the predicted mean assuming normality on a log 
scale. 

Comparison of Latium data with other studies 

Mean predicted values from the simplified models 
were compared with those estimated during the Harvard 
Six Cities Study by DoCKERY et al. [2] in US children, 
and with well-known European references reported 
by CoTES et al. (14) and ZAPLETAL et al. (15). The 
lower fifth percentiles, commonly assumed as the 
threshold value for identifying "abnormal" subjects, 
derived from the above equations, were also compared. 

Furthermore, we calculated the percentage of our 
population classified as "below the fifth percentile" 
according to the various references, using a method 
suggested by DocKERY et al. [2). The results are 
presented in table 8, taking three levels of height (125, 
140 and 155 cm) as examples. Mean FVC values from 
our equation are higher for both sexes than those 
estimated by DocKERY et al. [2] and are similar to those 
predicted by CoTES et al. [14] and ZAPLETAL et al. [15] 
in the range of height up to 135-140 cm. For taller 
subjects, Latium and US estimates of FVC are closer 
and lower than those estimated by European references. 
Our mean FEV1 values are consistently 200-220 ml 
higher than those predicted by DocKERY et al. [2] , for 
all heights, and are also higher than European values 
for shorter subjects, and similar to them for taller 

Table 7. - Percentile values (as percentage of mean predicted) 
for FVC and FEV

1 
estimated from simplified models* Latium, Italy, 

1987 

Males Females 

PVC FEV
1 

PVC FEV
1 

Percentiles % % % % 

5th 82.4 81.5 81.5 81.3 
lOth 86.0 85.3 85.3 85.1 
25th 92.4 91.9 91.9 91.9 
75th 108.2 108.8 108.8 108.9 
90th 116.3 117.3 117.3 117.5 
95th 121.3 122.7 122.7 123.0 

*: males - ln(FVC) = -3.55+2.29·ln(height); ln(FEV) = 
-2.65+2.09·ln(height); females - ln(FVC) = -3.54+2.27·ln(height); ln(FEV) 
= -3.50+2.25·ln(height). For abbreviations see legend to table 3. 

Table 8. - Comparison of predicted mean for FVC and FEV1 by sex and height from children of Latium, US [2] 
and Europe [14, 15] 

I..ATIUM DocKERY et al. [2] CoTES et al. [14] ZAPLETAL et al. [15) 

Height Mean 5th Mean Mean Mean 
cm m! percentile* m! m! ml 

Males 
FVC 

125 1826 1505 1698 (1.7) 1847 (12.0) 1709 (6.3) 
140 2367 1951 2275 (3.3) 2471 (15.9) 2385 (18.4) 
155 2988 2463 2958 (5.6) 3210 (22.4) 3215 (36.7) 

FEVI 
125 1700 1385 1477 (0.5) 1519 (1.1) 1442 (0.6) 
140 2154 1755 1941 (1.1) 2058 (4.0) 1997 (3.9) 
155 2664 2171 2482 (2.2) 2703 (12.0) 2676 (13.1) 

Females 
PVC 125 1709 1392 1582 (2.1) 1687 (8.2) 1604 (3.1) 

140 2211 1082 2112 (3.7) 2259 (13.1) 2208 (8.5) 
155 2787 2271 2738 (5.9) 2934 (18.9) 2942 (17.6) 

FEVI 
125 1592 1294 1405 (0.7) 1445 (1.6) 1389 (0.1) 
140 2054 1670 1855 (1.2) 1958 (4.0) 1895 (0.4) 
155 2583 2100 2379 (1.9) 2572 (7.9) 2505 (1.1) 

Values in parentheses indicate the percentage of the Latium children below the fifth percentile predicted from each equation. 
*:subjects in Latium found below the 5th percentile for PVC were 56 (5.1%) boys and 51 (4.8%) girls. The figures for FEV 
were 29 (2.8%) and 36 (3.5%), respectively. For abbreviations see legend to table 3. 

1 
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children. The comparison of the lower fifth percentiles 
shows, of course, the same pattern, with the American 
standards often underestimating the lower threshold, and 
the European references having more stringent criteria 
in assessing "normality", especially for taller subjects. 

Discussion 

The purpose of the present work was to evaluate the 
role of gender and anthropometric variables in predict
ing lung function in children, and to describe popula
tion values for spirometric variables. The sample was 
taken from a population of children, 7-11 yrs old, liv
ing in Central Italy. A quite similar response rate was 
obtained in the three areas of the study, and the final 
sample seems to be balanced for age, sex and ability 
to perform a spirometric test in the different age groups. 

The amount of variance explained in our models 
suggests that only the distribution of FVC and FEV

1 
can be accurately described in our population using sex 
and anthropometric variables. The same conclusion is 
partially true for PEF, whilst the values of R2 relative to 
the maximum flows are quite unsatisfactory. Higher 
values of R2 have been reported previously in many 
studies [1], and our results are disturbing in this respect. 
It should be noted, however, that the accuracy of the 
models tends to be lower when large and representative 
samples of the population are studied [2, 3]. ScHWAR1Z 
et al. [3], for instance, studying the second US National 
Health and Nutrition Examination Survey (NHANES II) 
sample of children 6-11 yrs old, found values of R2 

very similar to those reported here. 
Height is by far the most important independent 

factor in predicting each spirometric variable. The 
partial regression coefficient for ln(height) in the model 
predicting ln(FVC) suggests a dependence of lung 
volume on height squared as in the data from the Six 
Cities and NHANES II studies [2, 3]. The regression 
coefficient for ln(height) is slightly lower in the model 
predicting ln(FEV

1
). Even lower coefficients for 

ln(height) were found in the models predicting flows, 
which-seem to be linearly dependent on height. These 
data clearly suggest unevenness in growth of the lung 
volumes and of the airways cross-sectional area. 

The results regarding age and BMI are complicated 
by the collinearity of these variables with height, and 
caution should be used in their interpretation. It is 
known, however, that the statistical problem of sepa
rating, within the same model, the individual effects of 
"independent" variables when they are collinear is 
troublesome. A measurable consequence of this prob
lem is the increase in the variability of the estimated 
regression coefficients [13]. We noted, however, only 
a small rise in the standard errors of the coefficients 
when ln(age) or ln(BMI) were added to the models 
predicting lung volumes and containing only ln(height) 
and sex. Thus, the question of collinearity should be 
trivial in our study and does make it possible to 
consider the specific statistical contribution of age and 
BMI. 

Age is a significant predictor in all of the regression 
models and, in agreement with most data reported [1], 
may be interpreted as an indicator of some asyn
chronism between lung development and growth in 
stature. As in other populations [2, 3], BMI predicts 
FEV1 and lung flows, but to a lesser extent than age. 
However, the biological interpretation of the contribu
tion of BMI is limited, given its dependence on both 
body fat and muscle mass. 

In order to analyse further the specific contribution 
of BMI in our models, we compared models for 
ln(FVC) and ln(FEV

1
) in overweight and normal 

subjects within our sample separately by sex. The 
power of height in predicting lung volumes was 
significantly reduced in overweight males, whereas it 
was significantly increased in overweight females. In 
agreement with data from a Chinese population [9], 
overweight may, at least in this age range, have oppo
site influences on lung volumes in the two sexes. 
Specific anthropometric research could explain whether 
different fat patterns or different development of muscle 
mass might account for such results. 

Gender has an autonomous role in the functional 
development of the respiratory apparatus, exhibiting no 
significant interaction with anthropometric variables in 
our models. ScHWARTZ et al. [3] also evaluated the 
possible modifying effect of gender on the relationship 
between anthropometric and spirometric variables, but 
no significant interaction was found. On the other 
hand, DocKERY et al. [2] improved their models by 
introducing a sex-ln(height) interaction term. This 
suggested a different relationship between height and 
pulmonary function in boys and girls. Differences in 
the power of the studies might account for discrepancies 
of results where the statistical significance of interac
tions is involved. ScHWAR1Z et al. [7] have shown that 
in children, when lungs of the same size are considered, 
female performance in FEV

1 
and flows exceeded that of 

males, thus, suggesting sex differences in lung 
mechanics. In our sample, the effect of controlling for 
FVC was that the airflow only at a low level of lung 
volume (MEF 

25
) was slightly higher in females than in 

males. No sex differences were found with regard to 
FEV

1
, FEF

25
_
75 

and MEF
50

• On the other hand, PEF 
was still higher in males, probably because of a greater 
muscular strength. Our results partially agree with 
those reported by SCHWARTZ et al. [7] in evidencing that 
controlling for lung size modifies the relationship 
between volume and flows in the two sexes; they do 
not firmly suggest, however, a better performance of 
girls with regard to FEV

1 
and flows, apart from MEF 

25
• 

Analysis of our data with respect to respiratory 
symptoms/illnesses shows that children with asthma 
have lower values of FEV

1 
and flows, whereas a recent 

respiratory infection affects only the prediction of PEF, 
FEF25-75 and MEF

50
• The presence of allergic rhinitis 

plays a significant role only after allowing for ln(FVC), 
i.e. only after the major sources of variability of the 
dependent variable have been taken into account. The 
general result obtained from considering respiratory 
conditions suggests that, when a selection of subjects 
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not affected by major thoracic, neurological and 
systemic diseases has been made before admission to 
the spirometric examination, further selection on the 
basis of reported respiratory symptoms seems to have 
only minor effects on lung volumes. Flows, however, 
are more affected, with a decrease among the sympto
matic group ranging from 2-6%. 

In agreement with the suggestions of POLGAR and 
WENG [16), percentile curves have been developed only 
for spirometric variables whose overall variance in our 
population was better explained by the multiple regres
sion equations. However, the use of such a tool for 
assessing lung function of each individual in clinical 
practice must take into account that a large residual 
spread is associated with the predictions even for FYC 
and FEY

1
• 

We made comparisons with other reference data in 
order to show the extent of the differences among 
reference values in children. Only the comparison of 
our results with the DoCKERY et al. [4) references for 
FEY

1 
showed a parallel increase with age, even though 

the intercept was higher for our data. All of the other 
comparisons showed that our children tend to differ 
from other standards; such differences increase with 
height for FYC and decrease with height for FEY

1
• 

Moreover, the application of the fifth percentile 
estimated from the other equations to our population, 
shows that the proportion of subjects categorized as 
abnormal differs according to the prediction equation 
used but also varies with height. 

A consideration of these results inspires the following 
comments. Firstly, subjects studied by CoTES et al. 
[14] and ZAPLETAL et al. [15) were carefully selected 
"normals", not randomly chosen from a population. 
This selection can account for some differences 
with our data. The subjects studied by DocKERY 
et al. [2), however, were randomly chosen and not 
selected on the basis of respiratory health, so that 
differences between estimates of spirometric variables 
in our sample and that of the US seem to be attribut
able to real population differences. Secondly, the actual 
age range investigated varies among the studies, 
and results may depend on the inclusion of adolescents 
or, as in our case, on the exclusion of 6 yr old 
subjects. Thirdly, a relatively small sample size [14, 
15], in our study as well, could account for an increased 
random variability, and chance alone, especially in 
comparing percentiles, could explain the differences 
observed. 

In conclusion, predictions made on the basis of 
population data are reliable for FYC and FEY

1 
and poor 

for maximal expiratory flows. Sex is an autonomous 
predictor of spirometric variables, FEY

1 
being higher in 

males; when lungs of the same size are considered, 
however, no sex difference is found. In overweight 
subjects the relationship between height and lung 
volume is modified by sex. A comparison of our 

equations with available reference data revealed that our 
population differs from standards derived from labora
tory data and is more similar to those derived from 
population studies. 
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