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OBJECTIVES: To compare prediction curves for forced
vital capacity (FVC) in children from a large population
sample with the standard prediction curves currently in
clinical use. A secondary objective was to assess the contri-
bution of weight to the prediction of lung function in
preteenagers.
DESIGN: The data used for this analysis were from a
prospective cohort study of health effects of air pollution on
children in 10 Canadian communities, five in Saskatchewan
and five in Ontario.
PARTICIPANTS: A 96% response rate among a target
population of 4935 boys and girls aged seven to 11 years
was attained. After exclusion of non-Caucasians and asth-
matics there remained 3142 children.
ANALYSIS: FVC prediction curves for each sex were
compared with the two standard prediction curves most
frequently used in children’s hospitals in Canada with re-
spect to mean values and the lower limits of normal. A
random subsample of 500 subjects was selected and their
values were interpreted as normal or abnormal by the three

prediction equations. Rates of abnormalcy between predic-
tion methods were compared by the uncertainty coefficient
statistic. Regression equations within each sex were exam-
ined for the effect of weight in addition to height.
MAIN RESULTS: Prediction curves from this large popu-
lation sample were not statistically different from two
widely used prediction curves in the mean or lower limits of
normal in boys or girls. In 1575 boys a small but significant
effect of weight was demonstrated (r=0.024, P=0.001) after
age, height and square of height were added to the model
(overall r2=0.725). Similarly, a significant effect of weight
was seen in girls (r=0.022, P=0.001, overall r2=0.756).
CONCLUSIONS: A large sample of nonsmoking Cana-
dian children offers no further advantage in mean or lower
limits of normal over standard predictions based on smaller
convenience samples in generating prediction curves for
normal FVC. In the youngest children who can perform
pulmonary function tests, weight should be taken into ac-
count in epidemiological studies of pulmonary function.
Although the effect may be small it is of the order of
magnitude anticipated due to a number of different pneu-
motoxins (ie, air pollutants). (Pour le résumé, voir page
242.)
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As part of an investigation into the health effects of air
pollution in 10 rural communities, a respiratory ques-

tionnaire was administered and spirometric data were col-
lected on a large sample of Canadian children aged seven to
11 years in 1985 and 1986 (1). The present report uses this
large sample from the Canadian Children’s Health Survey
(CCHS) for two purposes: first, to determine whether pre-
dicting lung function from a large population within a narrow
age range offered any improvement over the standard predic-
tion equations used in Canadian clinical laboratories, which
were generated from much smaller samples of normal volun-
teers; and second, to examine the impact of weight on lung
function for preteenaged Canadian children.

SETTING
The CCHS was undertaken to examine the effects of long

range transported air pollution, principally ozone and sul-
phates, on the respiratory health of Canadians. Children in
rural towns were studied because they would not be affected
by a history of cigarette smoking or occupational exposure to
pneumotoxins, and the towns were chosen with no point
sources of industrial pollution. Five towns were selected in
each of two areas for comparison. One area was of low
pollution (Saskatchewan) and one of higher pollution (south-
western Ontario).

The methodology has been published in detail (1). Briefly,
from a target population of all school children aged seven to
11 years in these 10 communities, questionnaires were com-
pleted for 4695 (96.1%) of the children. For the purposes of
the present analysis, asthmatics and children who smoked
were excluded from this cohort. Non-Caucasian children
were excluded due to differences in normal lung function and

insufficient numbers for separate analysis (2). The exclusions
were based on the modified American Thoracic Society
(ATS) DLD-78C questionnaire responses (3). Children were
considered to be asthmatic if parents answered affirmatively
to both of the following questions: “Has a doctor ever said
that this child had asthma?” and “Does he/she still have
asthma?”

Spirometry was conducted in the schools between Octo-
ber 1985 and March 1986 by five trained technicians using
a vertically displaced, computer-assisted, dry rolling seal
spirometer (Gould Model 21E Gould Medical Products).
Each child performed a minimum of five and a maximum of
eight trials to obtain three acceptable manoeuvres. Criteria
for acceptability were those recommended by the ATS
Snowbird workshop (4). Criteria for test selection were maxi-
mum forced vital capacity (FVC) and forced expiratory vol-
ume in 1 s (FEV1) from a reproducible manoeuvre (ie, one in
which another trial produced a score within 5.5% of the
maximum value). All measurements were corrected for body
temperature, ambient pressure and saturation with water va-
pour.

The results of the air pollution analysis showed no re-
gional differences in symptomatology or chest illness. How-
ever, children living in southwestern Ontario exhibited
statistically significant decrements in FVC an average of
1.7% lower than children residing in Saskatchewan. There
were no regional differences in any of the flow parameters.
This suggested the possibility that some of the observed
east-west differences in lung function were due to body size
rather than air pollution and provided the stimulus for con-
ducting the portion of the present analysis, which looked at
the effects of weight on FVC.

Fonction pulmonaire chez des écoliers cana-
diens préadolescents : Comparaison avec deux
équations de prédiction standardisées et étude
de l’effet du poids

OBJECTIFS : Comparer les courbes de prédiction de la capacité
vitale forcée (CVF) chez des enfants représentant un échantillon
important de la population avec les courbes de prédiction stan-
dardisées, habituellement utilisées en milieu clinique. Un
deuxième objectif était d’examiner la contribution du poids pour
prédire la fonction pulmonaire chez les préadolescents.
MODÈLE : Les données utilisées pour la présente analyse ont été
tirées d’une étude prospective de cohortes portant sur les effets de
la pollution atmosphérique sur la santé, dans 10 communautés
canadiennes dont, cinq en Saskatchewan et cinq en Ontario.
PARTICIPANTS : On a obtenu un taux de réponse de 96 %
parmi une population cible de 4 935 garçons et filles âgés de 7 à
11 ans. Après avoir exclu les non caucasiens et les asthmatiques,
il restait 3 142 enfants.
ANALYSE : Les courbes de prédiction de la CVF pour chaque
sexe ont été comparées avec les courbes de prédiction stan-
dardisées le plus fréquemment utilisées au Canada dans les hôpi-
taux pour enfants, par rapport aux valeurs moyennes et aux valeurs
inférieures à la normale. Un sous-échantillon aléatoire de 500
sujets a été prélevé et les valeurs obtenues ont été interprétées

comme normales ou anormales au moyen des trois équations de
prédiction. Les taux d’anormalité entre les deux méthodes prédic-
tives ont été comparés au moyen de la fonction du coefficient
d’incertitude. Les équations de régression pour chaque sexe ont
été étudiées relativement à l’effet du poids s’ajoutant à celui de la
grandeur.
PRINCIPAUX RÉSULTATS : Les courbes de prédiction
provenant de cet important échantillon de population n’étaient pas
statistiquement différentes des deux courbes de prédiction
couramment utilisées, dans les valeurs moyennes ou inférieures à
la normale, chez les garçons ou les filles. Chez 1 575 garçons, un
effet minime mais significatif du poids a été démontré (r=0,024,
P=0,001) après que l’on ait ajouté l’âge, la grandeur et le carré de
la grandeur au modèle (r2 global=0,725). De même, on a noté un
effet significatif du poids chez les filles (r=0,022, P=0,001, r2

global=0,756).
CONCLUSIONS : Un important échantillon d’enfants canadiens
non-fumeurs n’offre aucun avantage supplémentaire dans les
valeurs moyennes ou inférieures à la normale sur les prédictions
standardisées basées sur des échantillons plus petits et commodes
pour générer des courbes de prédiction pour la CVF normale. Chez
les enfants plus jeunes qui peuvent réaliser les épreuves de fonc-
tion pulmonaire, on doit tenir compte du poids dans les études
épidémiologiques portant sur la fonction pulmonaire. Même si
l’effet peut être minime, il est dans l’ordre de grandeur anticipée
de l’effet d’un certain nombre de différentes pneumotoxines (par
exemple, les polluants contenus dans l’air).
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METHODS OF ANALYSIS
A questionnaire survey was distributed to all pulmonary

function laboratories in children’s hospitals in Canada to
inquire about prediction equations currently in clinical use
for Caucasian children. The most frequently used equations
were those of Polgar and Promadhat (5) and Weng and
Levison (6). Polgar’s subjects were American children (5)
with data combined from several studies of small groups of
volunteers’ results, and Weng’s were 139 healthy volunteers
(6). A later unpublished extension of the latter study is used
in several laboratories and is the equation used for compari-
son in the present study, ie,

FVC = 0.146(0.02⋅height)

These prediction equations were compared with predic-
tions generated from the cohort under study to determine
whether a large sample’s model varied from these predictions
in either the mean predicted FVC or the lower limit of
normal.

To compare predictions, the CCHS study data were di-
vided into two separate groups by sex. Within each group a
random sample of 500 test subjects was withdrawn and pre-
diction curves of FVC based on height and age were regener-
ated for the remaining test subjects. The 500 withdrawn

subjects in each group were then classified by each of the
three prediction models as having abnormally low or normal
lung function based on a 95% lower-confidence interval
(CCHS, Weng) or 2 SD below the mean (Polgar). The uncer-
tainty coefficient statistic (7) was used to test the hypothesis
of no association between prediction results according to
CCHS and Weng and to CCHS and Polgar. A significant
uncertainty coefficient would indicate that the two methods
being compared classify children differently. It is particularly
robust for situations in which there are large differences in
marginal probabilities.

The effects of weight and body mass index (weight/
height2) on lung function were examined via multiple linear
regression on models incorporating sex, age and height.
Natural logarithms, and linear and quadratic terms for each
variable were also examined in relation to FVC.

RESULTS
The 3142 healthy preteenaged children comprised 1575

boys and 1567 girls. Figure 1 provides the frequency distri-
butions of age, height and weight within each sex. Whereas
height appeared to be approximately normally distributed,
weight had a skewed distribution with a longer tail for larger
weights. Age was uniformly distributed for most of this very
narrow age range with a few boys and girls who are younger

Figure 1) Frequency distributions of age, height and weight in boys and girls

Lung function in preteenagers
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and older. Seven years is about the youngest age at which
children can be expected to perform pulmonary function
manoeuvres reliably.

In Figure 2 the frequency distributions of FVC and FEV1
are shown to be nearly symmetrically distributed.

The FVC prediction equations are compared with the
published prediction equations in current use in children’s
hospitals in Canada in Figures 3 and 4. The mean prediction
curves for both Polgar and Weng clearly fall within the 95%
confidence intervals of the CCHS data generated from popu-
lation-based samples in both boys and girls.

Table 1 shows the classification results of the 500 ran-
domly selected subjects of each sex. The subtables present

pairwise comparisons between CCHS and Polgar, and CCHS
and Weng for determining abnormality where the cells of
these tables contain the number of children that fell into each
category. For example, the upper left hand corner of the first
subtable (CCHS versus Polgar for girls) indicates that 458
girls were classified as normal by both models. Additionally,
the Polgar model declared 32 girls to be below normal whom
the CCHS model classified as normal.

The uncertainty coefficient statistic was not statistically
significant in either comparison for either sex, indicating that
the CCHS model does not classify children differently from
the Polgar or Weng models.

In the regression analysis the significant independent pre-

Figure 2) Frequency distribution of lung functions in boys and girls. FEV1 Forced expiratory volume in 1 s; FVC Forced vital capacity

_____ CCHS
........... Polgar
_ _ _ _ Weng

_____ CCHS
........... Polgar
_ _ _ _ Weng

90th percentile
75th percentile
50th percentile
25th percentile
10th percentile

90th percentile
75th percentile
50th percentile
25th percentile
10th percentile

Figure 3) Comparison of population-based results for forced vital
capacity (FVC) in boys with standard mean prediciton curves.
CCHS Canadian Children’s Health Survey

Figure 4) Comparison of population-based results for forced vital
capacity (FVC) in girls with standard mean prediction curves.
CCHS Canadian Children’s Health Survey
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dictors of FVC are age, height, height2, and weight for boys,
and height, height2, weight and weight2 for girls (Table 2).
Applying the natural logarithm to each variable did not in-
crease the overall r2 significantly. The improvement in r2

attributable to weight was approximately 2% of the variabil-
ity; the overall model accounted for about 73% of the vari-
ability in the FVC.

Figures 5 and 6 illustrate the weight effect in FVC for boys
and girls, respectively. Each line indicates the modelled rela-
tionship between FVC and weight for a given height. Along
each line, or height isopleth, children of lower weights have
lower FVC. The most obvious decrements occur in children
weighing less than 30 kg. The children from Saskatchewan
were not different in weight from the children in Ontario and
so this did not explain the differences in FVC between chil-
dren from the two areas tested.

DISCUSSION
This study confirms the earlier report of Van Ganse in

adults (8) that, when healthy nonasthmatic nonsmokers are
studied, the recommended (9) use of a large population-based
sample shows no difference over the prediction from a vol-
unteer sample. Even though the values of Polgar and Weng
are from much smaller samples and use different methodolo-
gies for testing, the results are sufficiently robust to be indis-
tinguishable from a large population of seven- to
11-year-olds tested in 1987.

The effect of weight on pulmonary function has been
previously described in adults by Schoenberg et al (10) as
having two size-specific effects. First, in young adults, lung
function increases with increasing weight; termed a ‘muscu-
larity effect’. Second, there is a decline in lung volume with
further increases in weight, which is termed an ‘obesity
effect’.

In a smaller population of 314 young adults, McDonnell
and Seal (11) also noted an association between lung vol-
umes, particularly functional residual capacity, FVC, FEV1
and body mass index. The variance accounted for by size was
about 20% and was best described by a quadratic function
that suggested an inverted ‘U’-shaped relationship (11).

Again, there was an initial increase in lung volume with
increasing size, which reached a plateau in the middle weight
range. Subjects at the greatest weights demonstrated signifi-
cantly lower lung volumes.

In children, Dockery et al (12) described a small effect of
weight and age in a regression model where height, race, sex,
and their interactions were regressed on the natural loga-
rithms of FVC and FEV1. They felt, however that the more
parsimonious three-variable model, which included sex, age,
and height, would best describe growth. In 393 children aged
nine to 17 years, Binder et al (13) has also shown a significant
effect of weight.

Finally, in the second National Health and Nutrition Ex-
amination Survey conducted in the United States from 1976
to 1980 for nonsmoking healthy six- to 24-year-olds, the
body mass index was a significant factor in regression models
for FVC and flow rates after adjustment for height, race and
sex. However, when presenting percentile growth curves,
these authors chose to include only height, race and sex (14).

TABLE 1
Contingency tables for classification of 500 random cases by three prediction curves

Girls
CCHS CCHS

Normal Below normal Normal Below normal

Polgar
Normal 480 0

Weng
Normal 490 7

Below normal 32 10 Below normal 0 3
Uncertainty coefficient 0.269, P>0.06 Uncertainty coefficient 0.363, P>0.14

Boys
CCHS CCHS

Normal Below normal Normal Below normal

Polgar
Normal 437 3

Weng
Normal 484 4

Below normal 13 9 Below normal 4 8
Uncertainty coefficient 0.32, P>0.098 Uncertainty coefficient 0.455, P>0.126

CCHS Canadian Children’s Health Survey

TABLE 2
Multiple regression analysis results

Boys (n=1575) Girls (n=1567)
FVC

coefficient
(P)

FEV1
coefficient

(P)

FVC
coefficient

(P)

FEV1
coefficient

(P)

Intercept 4.051
(0.004)

1.934
(0.13)

2.414
(0.047)

2.388
(0.037)

Age (years) 0.0138
(0.04)

0.021
(0.0007)

0.0072
(0.307)

0.0074
(0.27)

Height (cm) –0.069
(0.0008)

–0.0343
(0.07)

–0.0437
(0.017)

–0.0408
(0.018)

Height2 (cm2) 0.00036
(0.0001)

0.00022
(0.0013)

0.00027
(0.0001)

0.00025
(0.0001)

Weight (kg) 0.0377
(0.0001)

0.0177
(0.0002)

0.024
(0.0001)

0.0156
(0.002)

Weight2 (kg2) –0.0003
(0.0001)

–0.00013
(0.0186)

–0.00015
(0.02)

–0.00093
(0.1328)

Model r2 0.725 0.663 0.736 0.69

FEV1 Forced expiratory volume in 1 s; FVC Forced vital capacity
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In fact, most authors and standardization committees
(3,15) have agreed that the magnitude of the weight effect in
both children and adults is insufficient to justify its inclusion
in prediction equations used clinically. On the other hand, the
magnitude of the variance attributable to weight (or any other
formulation of body size, muscularity or fitness such as
surface area or body mass index) has been seen to be similar
in order of magnitude to the effect of potential pulmonary
toxins such as air pollutants and passive or maternal smoking.

This analysis indicates a third size-specific effect of
weight: the negative effect of weight in the smallest children.
Whereas the attainment of muscularity has been shown to
exert a positive weight effect in the young adult (2), here the
lower the weight, the lower the FVC for height in Canadian

preteenaged boys and girls. This is presumed to indicate an
absence of muscularity rather than of cooperation or coordi-
nation since the latter would be expected to increase with age
but not with height. The lower the pressure generated, the
lower the FVC, as has been shown in other Canadian chil-
dren, teenagers and young adults (16). The magnitude of the
weight effect is small and probably can be seen only when
large numbers of children within a narrow age range can be
analyzed, as in CCHS. However, in young children weight
may be an important factor in the examination of effects on
lung function of such factors as environmental smoking or air
pollution exposure, which are expected to be equally small
but most likely identifiable only in preteenaged children
before active smoking becomes a major confounder.

Figure 5) Effect of weight on forced vital capacity (FVC) in boys.
Each line represents a height isopleth

Figure 6) Effect of weight on forced vital capacity (FVC) in girls.
Each line represents a height isopleth
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