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ABSTRACT: Information on the size and shape of about 8500 maximum 
expiratory How-volume (MEFV) curves was related multivariately to respira
tory symptoms to construct a sensitive measure of airftow limitation. The data 
were obtained in an epidemiological follow-up study of a normal population in 
The Netherlands. Using non-linear canonical correlation analysis, thirteen 
variables from each curve yielded two uncorrelated variates which were 
optimally related to two variates simultaneously derived from all respiratory 
data. Curves with different size and shape may yield the same probability for 
respiratory symptoms. In this context the scores of individuals on the scales of 
the two curve-derived variates do not have to be corrected for body or lung size. 
Using FEV 1 and standing height about half as much of the variability in 
respiratory symptoms is explained as when using the whole MEFV-wrve. 
Moreover, the distribution of the scores for the MEFV-curves allows the 
differentiation between three patterns of airflow limitation graphically. These 
three types suggest different pathophysiological mechanisms related to airways 
resist.ance and lung elastic recoil and may be used to characterize individual 
curves. One type relates to subjects with symptoms of 'asthma', one to airflow 
limitation as found among people with dyspnoea and elderly subjects and 
another to bronchitic symptoms. In females, the association of the MEFV -curve 
with 'asthma' is stronger than in males but much weaker with bronchitic 
symptoms. Curves found to be more related to 'asthma' or bronchitic symptoms, 
but not to dyspnoea, are more prevalent among current than among never 
smokers in males. 
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Since HYATT et a/. [16] introduced the maximum 
expiratory flow-volume (MEFV) curve as a means to 
study airflow limitation, much effort has been devoted 
to interpreting and employing the information con
tent of the curve. It is generally accepted that the 
configuration of the curve reflects changes in the sites 
of airflow limitation (30). The location of these flow
limiting segments is determined by the local relation
ship between area and transmural pressure, the latter 
depending on lung elastic recoil pressure [6, 24]. It 
furthermore reflects non-homogeneous emptying of 
the lung, (27] and effort (16, 22]. The MEFV-curve is 
highly reproducible within individuals, showing re
producible configurational details at given lung 
volumes (30]. All these factors are relevant in the 
evaluation of pulmonary function, and much effort 
has been put into the analysis and evaluation of the 
curve configuration in this respect. These techniques 
have involved curvilinearity scores [18], moment 
analysis [25], transit times (23], instantaneous time 
constants [39], slope ratios [3, 21] and mean MEFV
curvcs [1, 17]. Whilst these approaches are very 
helpful in analysing the shape of the curve, they do to 
some extent neglect its size. Moreover, although the 

choice of the parameters is based in general on 
sound physical or physiological considerations, or on 
clearly describing the configuration, the background 
information on respiratory symptoms, ageing and 
smoking is not directly used, statistically. Instead, 
their value has to be proved afterwards, in relation to 
such background information. 

In a previous study [37] we analysed the size and 
shape of the MEFV-curve simultaneously and with 
respect to both age and sex. In the present study, this 
analysis is focused on those aspects of the curve which 
are relevant to chronic respiratory symptoms. To this 
end we employed non-linear canonical correlation 
analysis (non-linear CCA). The information on shape 
and size of the curve for each subject is obtained from 
a set of thirteen selected flow and volume variables, 
including the forced vital capacity (FVC) and forced 
expiratory volume in one second (FEV 1) (see table 1). 
The CCA reduces each MEFV -curve to a few 
independent scores, in our case two, which are 
functions of the original thirteen. The scores are 
computed to be most descriptive about the probabili
ties of chronic respiratory symptoms. This assumes 
that there are common pathophysiological determi-
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Table I.- Description of the variables and categories used in CANALS 

Variable (cooes) Categories Remarks 

Respiratory symptoms (AN AM-set): wheezing and dyspnoea wilh 3 categories are treated as nominal in CANALS. 

Coughing (1, 2) 
Phlegm (1, 2) 
Wheezing (1-3) 

Dyspnoea (1-3) 

Asthma (1, 2) 

Absent; persistent 
Absent; persistent 
Never; ever; all 
days and/ or nights 
Absent; slight; 
moderate or severe 
Never; ever 

Maximum expiratory flow-volume curve (MEFV-set): 

Persistent: >3 months a year 
Persistent: >3 monlhs a year 
Based on wheezing on !he chest 

Moderate: when walking wilh people 
of the same age on level terrain 
Attacks of dyspnoea wilh wheezing 

Indices have 20 equidistant categories within the indicated range and are treated as ordinal in CANALS. 

PEF 
VPEF 
FEV

1 

FVC 
MEF7, 

MEF10 

MEF60 

MEF:ro 
MEF

40 

MEF
30 

MEFlS 
MEF

20 

MEFIO 

1.58-17.42 
0.05- 1.59 
0.53-- 6.44 
0.99- 8.70 
0.38-15.22 
0.36-14.40 
0.26-12.82 
0.23-- 9.95 
0.18- 8.21 
0.1(}- 6.50 
0.11- 5.79 
0.11- 5.42 
0.05- 3.77 

Peak expiratory flow 

Expired volwne at PEP 
Forced CJ';pired volume in 1 secood 
Forced vital capacity 
Maximum CJ(piratory flow at 75% of FVC 

idemat70% 
idemat60% 
idem at 50% 
idem at40% 
idem at30% 

idem at25% 
idem at20% 
idem at 10% 

Smoker: at least 1 g tobacco/day >1 year until <1 rnoolh before !he survey; eJC-smoker: stopped smoking >1 monlh before the survey. 

nants of curve form and symptoms. Such scores, 
therefore, filter out all sources of variation in the 
curve configuration between individuals and longitu
dinally within individuals, as far as these do not relate 
to respiratory symptoms. Hence widely different 
forms of MEFV-curve, but with equal probabilities 
for symptoms, have the same score. A pathophysio
logic cause is suggested since the scores show which 
complex of symptoms relates to the airflow limitation 
('asthmatic', 'bronchitic', 'ageing') and to what 
extent. In a standardized way this allows us to 
indicate the direction and magnitude of the effects of 
intervention by pre- and post-treatment comparison 
of the curve scores, and also the relevance of change 
in the follow-up of individuals or populations at risk. 
Given the procedure to compute the scores, the 
evaluation of pulmonary ftmction with the MEFV
curve will be more informative than using any of the 
curve variables separately. The tables needed to 
compute the scores given a MEFV-curve will not be 
published in this paper, but are available from the 
authors. 

Materials 

The data are based on field surveys conducted at 
three year intervals between 1972 and 1982 in a rural 
area (Vlagtwedde) and in an industrial town (VIaar-

dingen) in the Netherlands [36]. Subjects, within a 
certain age range, were either all invited (Vlagtwedde) 
or randomly selected from the register (Vlaardingen). 
For every participant, aged between 17- 77 yrs, each 
complete set of data obtained during 4 consecutive 
surveys was used for analysis, resulting in 5653 
records of data on 2322 males, and 5027 records of 
data on 2073 females. The age range in our analyses 
exceeds the one resulting from the base protocol [36) 
as people not invited were admitted as well. As a first 
step we omitted ex-smokers (1412 and 745 records on 
males and females respectively) from the canonical 
correlation analyses. This was done to restrict the 
factors involved in the smoking behaviour which can 
obscure the relationship of curve fonn and symptoms. 
In subsequent analyses, ex-smokers can then be 
studied with respect to the combined solution for 
current and never smokers. For never smokers, 717 
and 2391 records were available for males and females 
respectively; for smokers, 3524 and 1891 respectively. 
Anthropometric measurements and data related to 
respiratory symptoms and smoking habits (table I) 
were obtained in a standardized way by trained 
interviewers using the MRC/ECCS questionnaire 
[35] . Tenns like 'asthma' or 'bronchitis' used in this 
paper are solely based on the questionnaire and do 
not include an evaluation of airflow limitation by 
FEV 1 or the like. 
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MEFV-curves were obtained by trained operators 
with the subjects standing. After maximum inspiration 
the subject blew as forcibly and for as long as possible 
through a 50 em heated, straight and smooth PVC tube 
(internal diameter 2.5 em) connected to a Lilly-type 
pneumotachograph with a differential pressure trans
ducer (Jaeger Pneumotachoscript). The manoeuvre 
was considered to have started when the flow exceeded 
0.2 /·s- 1 and to have ended when the flow had been 
less than 0.05 /·s - 1 for more than 0.25 s [33]. 

The FVC, FEV 1 and peak expiratory flow (PEF) 
used are the largest values derived from all technically 
satisfactory blows. Maximum expiratory flows were 
determined at different percentiles of the actual FVC 
(table I); the values used in the analysis are the largest 
from all technically satisfactory blows that have an 
FVC within 5% of the largest FVC. These procedures 
are in agreement with recommendations issued by the 
European Commission [28]. 

Canonical correlation analysis 

In classical, linear canonical correlation analyses 
(CCA) [20] two sets of variables are considered. In 

this study, one set consists of anamnestic variables 
(ANAM) and the other set of thirteen variables 
obtained from the MEFV-curve (MEFV: table I). 
Linear combinations of each set are determined, i.e. 
weighted sums of the variables of each set. The linear 
combination for the ANAM-set is denoted by 
ANAM-1 and that for the MEFV-set by MEFV-1. 
The weights for the linear combination are the 
unknowns, and are obtained by maximizing the 
correlation between ANAM-1 and MEFV-1. This 
maximum is called the canonical correlation coeffici
ent. A second pair of such variates, ANAM-2 and 
MEFV-2, can be determined which are uncorrelated 
with both ANAM-1 and MEFV-1, and again maxi
mally correlated with each other, and so on p times. 
In our analyses p equals two (see table II). 

A disadvantage of linear CCA is that it is less 
efficient if the distribution of the original data is not 
multinormal. This is true for most MEFV-curve 
variables which show extreme skewness even when a 
young and healthy subpopulation is considered (38]. 
Furthermore, nominal variables (wheezing, dysp
noea; table I) make no sense in linear CCA. The 
program we used does not have these limitations of 

Table II.- Percentages variance of the ANAM variables explained by MEFV-1 and 2 (100x sum of the squared correlations with MEFV-
1 and 2) and of the transformed MEFV-curve variables explained by ANAM-1 and 2. Percentage variance of NAM explained by MEFV 
is expressed as the sum of the squared canonical correlations x100. Abbreviations see table I. 

Variates 

Overall 
Never smokers 
Overall independent 
of age 

AN AM-set 
Coughing 
Phlegm 
Wheezing 
Dyspnoea 
Asthma 

MEFV-set 
PEF 
FEVI 
FVC 
MEF

15 

MEFSO 
MEFu 

MEFIO 

Males 

2 
canonical correlations 

0.436 
0.470 

0.413 

0.203 
0.260 

0.196 

Males 

1 and 2 
"Ellplained variance" 

23.1 
29.3 

21.0 

Variance explained by MEFV-1 and 2 
Overall Independent of age 

8.4 
5.6 

10.3 
14.5 
2.7 

Males 

7.6 
4.6 

10.2 
12.5 
2.9 

Variance explained ANAM-1 and 2 
Overall 

11.4 
15.8 

3.8 
13.6 

9.8 
7.0 

0.8 

Females 

2 
canonical correlations 

0.393 
0.452 

0.378 

0.215 
0.253 

0.179 

Females 

1 and 2 
"Ex.plained variance" 

20.1 
26.8 

17.5 

Variance explained by MEFV- 1 and 2 
Overall lndependant of age 

2.1 
0.8 
6.8 

11.6 
9.3 

Females 

3.8 
0.5 
7.1 
8.4 
9.4 

Variance explained by ANAM-1 and 2 
Overall 

9.9 
11.2 

5.7 
11.3 
8.8 

5.4 
1.4 
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linear CCA. Using non-linear transformations of the 
scales of measurement of the variables, the generality 
of the relationship to be found is often enhanced [37, 
38]. In our case, this means that more of the common 
features of M EFV and A NAM are found in fewer 
dimensions. To allow non-linear transformations, the 
continuous variables have to be categorized first. For 
every MEFV-curve variable the range (table I) is 
divided into 20 equal parts, providing categories 
which are numbered from I to 20. For each category 
of a variable a quantification is obtained which does 
not usually vary linearly with the category number. 
No assumption is made about the form of this 
transformation, except that for the MEFV -curve 
variables it has to increase monotonically with the 
category number. No restriction about the form of 
transformation was placed on the variables dyspnoea 
and wheezing, each consisting of three categories 
(table 1). The computing recipe for the variates 
MEFV-1 and 2 thus requires 13 (variables) x 20 
(categories) quantifications for the non-linear trans
formations, and 13 (variables) x 2 (dimensions) 
weights to compute the variates. 

Non-linear CCA can be considered as a generaliza
tion of classical linear CCA. The non-linear CCA 
problem for optimally transforming the variables and 
finding weights to compute MEFV-1, MEFV-2, 
ANAM-1 and ANAM-2 is solved in the program 
CANALS, using an alternating least squares method 
[31, 32]. Replacing continuous variables by discrete 
categories seems like wasting information. However, 
after non-linear transformation of the categorized 
variables of the MEFV-curve, we found that 35% 
more of the pattern of variation in respiratory 
symptoms can be accounted for than in linear CCA 
with no categorized MEFV-curve variables. Hence 
the gain is considerable. A bootstrap study [8, 12, 32], 
performed for males, showed that in 100 boot
strap samples the non-linear transformations were 
very stable. It also showed that multicollinearity 
was not a problem, the variates (MEFV-1 and 2; 
ANAM-1 and 2) and the 'explained variances' (table 
II) being very stable. To a certain extent redundancy 
may even compensate for measurement errors. We 
also addressed the statistical significance of the 
relationship of ANAM and MEFV. Obviously, more 
freedom in the computation of canonical correlations 
is introduced in the CCA by allowing for non-linear 
transformations of the scale of the measurements, so 
that more canonical correlations may be found that 
are not statistically different from zero. However, a 
random permutation test [7] for males showed the 
first two canonical correlations to be significantly 
different from zero and a third hardly so. In fact, the 
third one represented only I% of the additional 
'explained variance' (table II). We therefore decided 
to present only the first two pairs of variates. 

Thus the results of the analyses presented here are 
statistically valid and stable, and provide a parsimoni
ous description of the relationship of MEFV-curves 
and respiratory symptoms. 

Presenting the results of the bootstrap analysis and 
random permutation test is beyond the scope of this 
paper. For the interested reader the summary statis
tics of these analyses are available from the authors. 

Presentation and interpretation of results 

The numerical value of a variate such as MEFV -l 
for an individual is called a score. The scores are 
standardized, i.e. they are scaled so that each variate 
has zero mean and unit variance. To illustrate the 
results, the scores for the subjects are plotted in the 
plane defined by MEFV-1 and MEFV-2 (fig. 1). 
Figure 1 shows the scores for the MEFV-curves with 
vectors which correspond to the separate anamnestic 
variables. The direction of a vector indicates that the 
value of the corresponding transformed variable is 
expected to increase for individuals with scores lying 
further in that direction and more than in any other 
direction. Since all variables show a more or less 
ordinal transformation, higher values of the trans
formed variable correspond to higher values of the 
original variable. The direction given by the arrow 
(vector), indicating an increasing probability of 
finding dyspnoea, is obtained from the correlation 
coefficients of the transformed dyspnoea variable with 
MEFV-1 and MEFV-2. Similarly the other vectors 
are found (note that the corresponding correlations in 
figure 1 are found by dividing the scale by 10). For 
each variable the proportion of its variance 'ex
plained' by its correlation with MEFV-1 and 2 (or 
ANAM-1 and 2) is equal to the sum of squares of 
these two correlations (table II). The length of the 
vector is the square root of this 'explained' variance. 
In table I1 we restrict ourselves to these summary 
statistics and do not give the co-ordinates of the 
vectors. Rather than showing the general trend for 
each variable as a vector, it is more illustrative to 
inspect in figure 3 how and to what extent the 
probabilities for respiratory symptoms change with 
the curve scores, and to inspect at the same time in 
figure 2 how much, on average, curve form and curve 
variables differ for different curve scores. Thus, the 
dispersion among subjects by their own curve score 
can be inspected with respect to the ANAM and 
MEFV variables. The same holds for percentiles or 
estimated centroids of age categories (see Appendix 
J and II, and fig. 1). 

Results 

The canonical correlation coefficients indicating the 
strength of the relationship between respiratory 
symptoms (ANAM) a nd the MEFV-curve indices 
(MEFV) ure given in table fi. Figure I depicts the 
scores of each subject on MEFV-1 and MEFV-2 
resulting from the linear combination of the trans
formed variables of the MEFV-curve. Weights for 
linear combinations of the transformed MEFV-curve 
indices (resulting in MEFV-1 and MEFV-2) maximize 
the relationship with the recorded respiratory symp-
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Fig. I. Scores of MEFV -I and 2 for each subject, i.e. linear combinations of the transformed MEFV -curve indices maximally correlated with 
respiratory symptoms and scaled to have zero mean and unit variance. The correlation of the true (transformed) variables of the respiratory 
symptoms with the predicted ones (arrowheads) is found by dividing the scale by teo. The direction of a vector indicates that the probability 
for the occurrence of the corresponding symptom increases for individuals (and for estimated age centroids) with scores for MEFV-1 and 2 
lying further in that direction (cf. fig. 3). T he division into regions was done after truncation at 0.5 and 99.5% in the directions of columns and 
rows. 90 percentile contours refer to the following age-stratified subgroups (see Appendix IV). 
--never smokers without symptoms (561 males; 1496 females);-.-.-. smokers (3524; 1891) and -.. - .. never smokers (717; 2391) irrespective 
of symptoms; ---positive history irrespective of smoking habits (2355; 2039). 
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toms. The directions of the axes of the variables of region can be visualized as containing scores (based 
ANAM are given as well. The scattergram has been on MEFV-curves) of subjects who are similar in that 
divided into 4 x 5 = 20 regions parallel and perpen- they have about the same probability for the 
dicularly oriented to the vector for dyspnoea. Each respiratory symptoms. This similarity is depicted by 
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averaging the curves for each region (fig. 2). The 
probability for the respective respiratory symptoms is 
expressed as the prevalence rate of each symptom in 
each region (fig. 3; see Appendix HI for technical 
details). 

Direction and magnitude of the vectors for the 
respiratory symptoms indicate in which direction and 
to what extent the prevalence rate of these symptoms 
increases given the flow-volume curve. Figure 3 
illustrates this, showing that in males and females 
curves in the rows further to the right are increasingly 
associated with respiratory symptoms, especially 
dyspnoea. Going from the bottom to the top in the 
columns, the likelihood that the curves are derived 
from subjects who reported attacks of dyspnoea with 
wheezing ('asthma') increases. A clear increase in 
both rows and columns of the prevalence rate of 
wheezing and persistent cough and phlegm is found in 
males; for coughing and phlegm this is, however, 
much less pronounced in females. Furthermore, the 
prevalence rate of asthma increases much more in 
rows and columns in females than in males. The lower 
left 2 x 2 regions comprise about 40% of all subjects 
(2445 and 2038 curves for males and females 
respectively) among whom the prevalence rate of 
respiratory symptoms is lower than would be 
predicted on the basis of age, and is lower than in all 
other regions. Depending on the age of the subject, 
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the neighbouring regions can be considered normal 
with respect to the prevalence rate of respiratory 
symptoms. In the remaining regions there is an excess 
of respiratory symptoms. The average curves of 
figure 2 show that in the rows going to the right there 
is an almost isometric decrease of the MEFY-curve. 
Flows at higher lung volumes decrease somewhat 
more than those at lower lung volumes. FEY 1 
declines relatively more noticeably, so that 
FEY tfFYC is seen to decrease as well. From bottom 
to top there is a slight decrease of mean PEF but a 
conspicuous decrease of the flows directly after PEF. 
Note that whilst there is a considerable change of 
shape, the average FYC hardly differs in the columns. 
Hence the shape of the curve is most closely 
associated with the higher occurrence of wheezing, 
and especially 'asthma', relatively independently of 
the FYC. 

The differences between males and females shown 
in figures 1, 2 and 3 are reflected in the percentages of 
variance of the transformed variables explained by 
the curve scores for MEFY-1 and MEFY-2 (table II); 
those for cough and phlegm are clearly smaller and 
those for 'asthma' larger in females. Table II 
furtherinore indicates that, for males and females, the 
percentages of explained variance of the transformed 
curve variables resemble each other remarkably well 
except for FYC, which differentiates females better 
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figures I and 2. The corresponding columns are indicated below. The prevalence rates are crude estimates for the probabilities of respiratory 
symptoms for the curves in a region. For wheezing and dyspnoea the bar has been further divided into severe (blank) and slight (hatched). The 
lower, middle and upper boundaries of the inserted bars refer to the estimated values at age 25, 40 and 55 (see Appendix III). 
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than males with different respiratory symptom com
plexes. 15.8 and 11.2% of the variance of FEV 1 is 
explained by ANAM-1 and 2 for males and females 
respectively. In separate analyses this proves to be the 
upper limit to which FEV 1 can explain the pattern of 
variation of respiratory symptoms, even when com
bined with standing height. Thus about twice as 
much of the pattern of respiratory symptoms is 
explained by the whole curve than by FEY 1 alone. 

The 90 percentile contours (fig. I) indicate which 
part of the scattergram is occupied by 90% of a 
certain subpopulation (see Appendix I). Subpopu
lations are matched for age (see Appendix IV) to 
facilitate comparison. Never smokers without respira
tory symptoms show curves with canonical scores 
mainly towards the left, associated with a lower than 
average chance of respiratory symptoms (fig. 3). 
The other subgroups expand more towards the right, 
thus having relatively more curves with a higher than 
average expectancy of respiratory symptoms, an 
expansion which is, of course, largest for subjects in 
the subgroup with one or more respiratory symptoms. 

Towards the left the contours tend to coincide. 
Although density gradients within groups are steep 
here, the relative frequencies of curves towards the 
left do not differ much between subgroups. In 
females, however, the left border of the subgroup with 
respiratory symptoms shows a clear shift, indicating 
that the really good curves are much rarer in this 
subgroup. An expansion towards the right is also 
present among never smokers selected irrespective of 
respiratory symptoms compared with never smokers 
without symptoms, in both males and females. In 
males, the third and fourth rows, numbered from top 
to bottom, show no difference between the subgroups 
of smokers and never smokers. Towards the top of 
the columns smokers cover a larger area than never 
smokers. Thus curves found to be more related to 
'asthma' or bronchitic symptoms but not to dyspnoea 
are relatively more frequent i.n current than in never 
smokers in males. Among female smokers, both the 
'best' as well as the 'worst' curves are somewhat rarer 
than among female never smokers. 

The estimated centroids for age show that the 
differences between age categories in the form 
properties of the MEFV-curve, as related to the 
probability of being associated with respiratory 
symptoms, becomes more and more pronounced in 
older subjects. In both males and females this mainly 
concerns the probability for dyspnoea, and hardly 
concerns the probability for 'asthma' at all. In 
addition, in males but not in females, the curve of 
older subjects ·is, on average, more often associated 
with bronchitic symptoms (chronic cough, phlegm 
and wheezing). 

Discussion 

One objective of ventilatory function testing is to 
assess to what extent pulmonary function is associ
ated with pulmonary disease. The maximum expira-

tory flow-volume curve is increasingly used to this 
end. Both shape and size provide valuable informa
tion, which is appreciated by every clinician. However 
the MEFV-curves have the frustrating property that 
size and shape are not easily quantifiable, so that 
recourse is taken to evaluation of a plethora of indices 
derived from the curve. The present approach offers a 
solution to this problem by exploiting all available 
information. Using CCA one obtains for each set of 
variables (i.e. those quantifying respiratory symptoms 
in one set and those of the MEFV -curve in the other 
set) weighted sums of the variables (linear combina
tions) which have maximum correlations between sets 
and zero correlations within sets. In other words, 
those aspects of the MEFV-curve are formulated (in 
terms of several uncorrelated weighted sums of the 
curve variables) which are as close as possible to, or 
predict as well as possible, the information on 
respiratory symptoms. At the same time, those 
independent aspects of the respiratory symptoms are 
revealed which are closest to the information from the 
MEFV-curve. It is assumed that those aspects of the 
form of the MEFV-curve and patterns of respiratory 
symptoms that are statistica1Jy closest to each other in 
a large sample of a general population will represent 
the pathophysiologic link between airflow limitation 
and chronic respiratory symptoms. Having defined 
the relationship of MEFV-curves to respiratory 
symptoms in a general population, an individual's 
curve can be used to estimate the probabilities for a 
range of respiratory symptoms. To judge 'normality', 
this profile can be compared with the expected 
probabilities without knowing the function, i.e. point 
estimates based on age (fig. 3), or with the actually 
recorded symptoms. 

Several authors assume that functional impairment 
will precede the perception of any respiratory discom
fort [10, 26). If this is detectable by the MEFV-curve, 
a significant change in the probability profile for 
respiratory symptoms based on a person's curve 
configuration may have occurred before any change is 
recorded in respiratory symptoms. The nature and 
size of the discrepancies between observed and 
expected values will aid the evaluation of pulmonary 
function. 

Reducing a curve to one or two scores which are 
most descriptive of the prevalence of a range of 
respiratory symptoms in a large population sample 
has some nice properties. First of all it uses the 
information on size and shape from the whole curve, 
which will be more informative than each curve 
variable separately. The latter is traditional [1, 4, 17, 
28], to the dissatisfaction of all, especially in the case 
of MEFV-curves where flows are measured at 
percentages of the expired volume, which itself is 
usually affected by disease processes. Secondly, 
differences in size and shape of the curves between 
individuals (but also longitudinally within indi
viduals) which are not relevant to their probability for 
respiratory symptoms, have identical scores. Differ
ences between the curves with respect to FVC, for 
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example, will be filtered out in the scores, in so far as 
the FVC has nothing to do with respiratory symp 
toms. From the same argument, the relationship of 
standing height with the constructed curve scores will 
9e much less than would be possible using all original 
curve variables. The main part of the relationship of 
height with the curve scores will be attributed to the 
fact that respiratory symptoms are correlated with 
age [37], whilst cross-sectionally age itself is negatively 
correlated with height among adults [2]. This can be 
verified by considering the explained variance of 
residual height, independent of age and respiratory 
symptoms. Using all thirteen curve indices (MEFV
set) 24.7 and 20.5% of variance is explained in males 
and females respectively, whilst using the derived 
scales (MBFV-1 and 2) the explained variance is only 
2.5 and 5.8% respectively. Canonical correlation 
coefficients change negligibly when residual height is 
used in combination with MEFV -1 and 2: the increase 
-of the 'explained variance' (as used in table II) is only 
0.4% for both males and females. Thus, the scores are 
independent of measures of lung and body size. 

To evaluate a MEFV-curve by MEFV-1 and 2 is to 
look at the state of the ventilatory function in an 
'absolute' sense, where, on average, people at age 25 
will have a 'better' lung function than those at age 70 
(figs l and 2). As was the case for the probabilities for 
respiratory symptoms (fig. 3), one may want to know 
what is to be expected at a certain age, and what 
difference between observed and expected function 
may be judged abnormal. MEFV-1 and 2 are easily 
adapted towards this end if one is able to define what 
sort of variability with age is not wanted. To show 
what is left of the explained variance of the 
respiratory symptoms when controlling for age, we 
removed the relationship of age and age squared from 
MEFV-1 and 2 as was found in a reference 
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population of never smokers without respiratory 
symptoms. Recomputing the explained variance of 
the respiratory symptoms by residual MEFV-1 and 2 
(i.e. MEFV-1 and 2 'independent' of age) shows that 
there is a small reduction in explained variance overall 
and for the different symptoms (table II) especially for 
dyspnoea, but that in essence the picture remains the 
same. Hence, such an age correction still allows the 
differentiation to sources of airflow limitation in 
terms of the associated respiratory symptom com
plexes. For a serious computer implementation for 
routinely evaluating the ventilatory function, judging 
'normality' for age is a necessary accessory. 

The consistency of the longitudinal change of 
MEFV-1 and MEFV-2 and of ANAM-1 and 
ANAM-2 with age can be assessed by computing 
their autocorrelations for subjects who participated 
on all occasions (fig. 4). No change or, for example, 
an overall shift which is the same for all persons, will 
result in autocorrelations of I. A regular lowering of 
the autocorrelation with time is due to the fact that 
the evolution of ventilatory function and respiratory 
symptoms is different for different subjects, while a 
poor autocorrelation coefficient at a time interval zero 
reflects relatively large measurement errors [29]. In 
males and females the levels of the autocorrelations 
are very similar, and the decrease with time is small 
(fig. 4). The values of the variates 1 resemble those on 
a later occasion more than the values of the variates 2. 
More important is that the same holds good when the 
values for MEFV (l and 2) are compared with those 
for ANAM (I and 2). Hence, the prediction of future 
ventilatory function is better than that of future 
answers to the questions in the questionnaire. In other 
words, the lower autocorrelation for ANAM points 
to a more chaotic evolution of ANAM than of 
MEFV. The main feature of ventilatory function, as 

0.8 

~ -.... -, 
0. 

.. ..... -... ... , ..... 
i= 
j ~ 

11EFV-1 AND 2 
.. 

w ANM-1 ' .. 
0:: 

_________ .., 
0.5 0. -.. 0:: -.. _ 

0 --
0 

......... -----. 
0 ... 
::::> 0.6 0.4 0.5 < r1EFV-2 ANAPI-1 AND 2 

0.5 0 . .3 0.4 

3 6 9 .3 6 9 3 6 9 

INTERVAL (YRS) 
Fig. 4. Reproducibility of MEFV-1 and 2 (A) and ANAM-1 and 2 (B) expressed as the autocorrelation of these variates at 3, 6 and 9 yr 
intervals. C combines the information of the variates I and 2 using the square root of the sum of squared canonical correlation coefficients 
divided by 2. Scores were used of those males and females who attended all four surveys (548 and. 470 subjects respectively). 
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defined by MEFV-1 and ANAM-1 , is also more 
predictable than the secondary one (MEFV-2 and 
ANAM-2). 

Table II shows that, overall, more of the respira
tory symptoms are explained by the MEFV-curve 
among never smokers than in a group which includes 
smokers. The gain (not shown) is mainly found with 
respect to persistent cough, phlegm, and wheezing, 
symptoms which are typically associated with smok
ing (5, 9- 1 I, 15, 34, 36]. When figure 3 is recon
structed with never smokers only, coughing, phlegm 
and severe wheezing are almost absent in the lower 
left 2 x 3 regions but have about the same prevalence 
in the other regions. This indicates that although 
smoking increases both the prevalence rate of respira
tory symptoms and of airflow limitation, bronchitic 
symptoms provide less information on associated 
airflow limitation in smokers than in never smokers. 

The percentile contours in figure 1 show that the 
curves which are more closely related to asthmatic 
attacks or bronchitic symptoms are relatively more 
frequent among smoking than among never smoking 
males. In females, the picture is not so easy to grasp as 
not only the 'best' curves but also the 'worst' curves 
are rarer among female smokers. According to figure 
5, at about age 25 smoking habits are comparable 
between males and females. Males, however, are the 
heavier smokers and this is increasingly so among 
older people where smoking among females is rare 
and selection effects may be considerable. Possibly 
females attune their smoking habits more closely to 
symptoms and refrain from smoking when their lung 
function is not optimal. At any rate, the 'best' curves, 
towards the lower left of figure lB, occur less 
frequently among smoking than among never smok
ing females. 

The differences between age categories in the form 
properties of the MEFV -curve, as related to respira
tory symptoms, become more and more pronounced 
in older subjects (fig. 1). This seems to contradict 
earlier findings [37] that the cross-sectionally esti
mated change with age of the shape of the MEFV
curve is more pronounced in the younger age 

100 

90 

BO 
70 
60 

so 
40 
30 

20 
I 0 

0 

IIALES 

)17 G/DAY 

8-17 6/DAY 

1-7 GIOAY 

NEVER 

EX 

25 ~0 55 YRS 

FEIIAI..ES 

25 40 55 YRS 

Fig. 5. Estimated relative frequencies of smoking habits of males 
and females at age 25, 40 and 55 years (see Appendix III). 
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change with age of the flow-volume curve with respect to the 
information content of the whole MEFV-set (solid) or with respect 
to that part which is relevant to respiratory symptoms (i.e. MEFV-
1 and 2: dashed). The first category is 4 yrs wide, the last one 6yrs, 
and all the others 3 yrs. r: multiple correlation coefficient. 

categories. The discrepancy is depicted in figure 6. 
The overall form of the curve changes clearly between 
17 and 34 years of age, whereas, after 50, this change 
becomes less pronounced (solid line). The form aspect 
of the curve related to the probabilities for respiratory 
symptoms (i.e. MEFV-1 and 2) however does not 
change from 17 up to 34 years of age but becomes 
more and more pronounced in older subjects (dashed 
line). When focused only on age, irrespective of 
symptoms, the main event in terms of the amount of 
change in form of the curve, occurs at the age at 
which the choke-point migrates from central to 
peripheral airways and the curve shape changes from 
concave to convex towards the volume axis [24]. 
However, with respect to the occurrence of respira
tory symptoms, another change with age in curve 
form is relevant, which becomes more and more 
pronounced in older subjects (figs I, 2 and 6). The 
changes in form with age are probably related to 
increased inhomogeneous emptying of the lungs, 
increased peripheral airways resistance and loss of 
lung elastic recoil. The age period, however, in which 
these processes cause the choke-point to move from 
central to peripheral airways and the form of the 
curve to. change dramatically (between 25-35 yrs 
[37]), precedes the stage in which a larger increase is 
found in respiratory symptoms (fig. 6). Thus, between 
25 and 35 yrs of age, the change of the MEFV-curve 
form is large, but it is small for those aspects of the 
form indicative of an increase of symptoms (fig. 6), 
and hypothetically, can result from only slight 
changes in airway resistance and lung elastic recoil. 
The change of form with age described in this paper 
may be related to the more insidious development of 
ventilatory impairment and is only slightly ac-



MULTIVARIATE ANALYSI.S OF MEFV-CURVES 131 

companied by asthmatic attacks or bronchitic symp
toms. It could result from obliterative disease of the 
small airways and emphysema (4, 19]. The other form 
trend, indicating especially an increased probability 
for asthmatic attacks, reflects the ventilatory function 
in people with airflow limitation of a more variable 
nature, but, above all, with less lung destruction. The 
two trends of airflow limitation combine to give the 
direction indicated by the bronchitic symptoms 
cough, phJegm and wheezing most clearly in males, 
which may yield a poorer prognosis compared to the 
other two trends. To prove this requires further study 
including certified causes of death [26]. 

Appendix 

I. 90 percentile contours for age-matched subpopu
lations (fig. I) were constructed using the two
dimensional density distributions of each subpopu
lation as computed with the program ALLOC (13, 
14]. Equal density contours were chosen lo enclose 
90% of a subpopulation. 

II. Locations of the centroids for four ages within the 
plane defined by MEFV-1 and 2 (fig. l) were 
estimated as follows. Taking age as the independent 
variable, estimated values for 25, 40, 55 and 70 yrs of 
age with respect to MEFV -I were computed using a 
second degree polynomial, likewise with MEFV-2. 
The two estimated values for each age are combined 
to give an estimated position of the centroid for that 
age. 

fli. The probability at age 25, 40 or 55 for each 
.respiratory symptom category was estimated as 
follows. For six 10 yr age intervals, the relative 
frequency of a category was used as the dependent 
variable for all the ages found in the interval. With 
these values, estimates were made for the probability 
of the occurrence of a certain symptom category at 
age 25, 40 and 55 yrs using a third degree polynomial. 
All records, including those for ex-smokers, were 
included in the estimation, with males and females 
kept separate. The expected relative frequencies of the 
different smoking categories (fig. 5) were computed in 
the same way. 

1V. As a consequence of the cross-sectional relation
ship of age with the prevalence of respiratory 
~ymptoms, lung function, smoking habits [37] and 
standing height, subpopulations grouped by smoking 
habits and/or respiratory symptoms show marked 
differences in age distribution. Stratification to obtain 
the same age distribution was therefore necessary to 
allow comparisons between percentiles of subpopu
lations (fig. 1). This was done according to the 
distribution of age in the smallest group (males, 
·nonsmokers, no respiratory symptoms). 
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RESUME: Les informations sur Ia forme et les dimen·sions de 8500 
boucles debit expiratoire maximal - volume (MEFV) ont ete 
comparees aux symptomes respiratoi res scion une methode 
multivariee afin de trouver un index sensible de limitation des 
debits aeriens. Les donnees ont ete obtenues au cours d'une etude 
epidemiologique longitudinale portant sur une population Hollan
daise nonnale. Grace a une analyse de correlation canonique non 
lineaire des 13 variables obtenues a partir de chaque courbe furent 
derives deux indices non correles entre eux qui furent mis en 
relation avec deux indices derives simultancment de toutes les 
donnees respiratoires. Des courbes de diffcrentes formes et 
dimensions peuvent etre associees avec une probabilite identique de 
symptomes respiratoires. Des lors les scores individucls nc doivent 
pas etre corriges pour les dimensions corporelles ou pulmonaires. 
Utilisant le FEV 1 et Ia taillc on ne peut expliquer qu'environ Ia 
moitie de Ia variabilite dans les symptomes explicable par Ia courbe 
MEFV. De plus trois types de limitations des debits aeriens peuvent 
etre determines graphiquemcnt a partir de Ia distribution des scores 
pour les courbes MEFV. Ces trois types suggerent differcnts 
mecanismes physiopathologiques lies a !a resistance des voies 
aeriennes et a Ia pression de retraction elastique du poumon; ils 
peuvent etre utilises pour caracteriser les courbes individuelles. Un 
type sc retrouve chez les sujets avec des symptomes d'asthme, un 
autre correspond a !a limitation des debits rencontree chez les sujets 
dyspneiques et les sujets ages, le troisieme se voit chez les sujets avec 
des symptomes bronchitiques. Chez les femmes Ia liaison courbe 
debit-volume-asthme est plus etroitc que chez les hommes, mais 
!'inverse est vrai pour les symptomes bronchitiques. Chez l'homme 
lcs courbes liees a l'asthme ou aux symptomes bronchitiques, mais 
pas a la dyspnee, se rencontrent plus frequemmcnt chez les fumeurs 
que chez les non fumeurs. 




