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Abstract
An earlier study of peak expiratory flow (PEF) in
normal adults contained too few men aged over
55 and women aged over 65 for the regression
equations to be used for prediction in older people. A
subsequent study was therefore carried out on an
additional 23 men and 29 women aged 55 or over who
were lifelong non-smokers and satisfied the same
strict criteria of normality that had been used in
the original study. The data from both studies
were combined and a new model used to calculate
equations for the regression of PEF on age and
height in the two sexes. With this model predicted
values could be derived for men and women aged
between 15 and 85. These new equations gave
predicted values in men and women aged less than 55
and 65, respectively, which were almost identical
with those reported previously.
The new regression equations for PEF enable

values to be predicted for people aged 15-85 and so
enhance the accuracy of testing in the elderly.

Introduction
Measurement of peak expiratory flow (PEF) by the

Wright meter' is invaluable for identifying and assess-
ing airflow obstruction in clinical practice.2 The intro-
duction of the mini Wright meter3 has resulted in the
test being used increasingly by general practitioners.
An observed PEF must be assessed by comparing it

with the subject's predicted PEF, which is taken as the
nmean PEF attainable by "normal" people of the
same ethnic origin, sex, age, and body build. The
distributors of the Wright and mini Wright meters
provide a nomogram for predicting PEF based on
a study (reported by us in 1973)4 of 202 men and
199 women who were lifelong non-smokers and who
fulfilled other stringent criteria of "normality." That
study, however, contained few men aged over 55 and
women aged over 65, so that the equations were not
valid for predicting PEF in older people.

Knowledge of normal ventilatory function is
particularly important in older people because of their
high prevalence of chronic bronchitis and emphysema.
We therefore studied additional men aged 55 or over

and women aged 65 or over who fulfilled the same
selection criteria as in our original study.

In this paper we report new equations for the
regression of PEF in men and women which were
calculated from the combined data of the original and
present studies. We compare the new regressions with
those which we reported previously4 and also with
those of other workers who did not restrict their series
to non-smokers. In a subsidiary study(reported in our
accompanying paper5) we used the new equations to
investigate the effects of smoking on ventilatory
function in elderly men and women who, apart from
being smokers or ex-smokers, fulfilled all our other
criteria of normality.

Subjects and methods
Between 1975 and 1987 one of us (IG) conducted a

search in the course of day to day consultations in two
general practices to identify men aged 55 or over, and
women aged 65 or over who had never smoked and who
denied expectoration, respiratory infection, wheeze, or
shortness of breath during childhood or adulthood.
The practices, in Kingston upon Thames and South-
ampton, were similar in their age and social class
distribution, and levels of atmospheric pollution were
generally low in both areas.
Measurements ofPEF were made with three Wright

peak flow meters, whose calibration was checked at
regular intervals. All the tests were supervised by a
single observer (IG), who explained the purpose of the
study and then demonstrated the correct manner of
performing the test. Subjects were observed while they
made several trial attempts in order to detect faults in
technique. Once they were able to perform the test
correctly they were exhorted to make a maximum
effort, and the highest value achieved in three tests
in the standing position was recorded to the nearest
5 1/min. Standing height without shoes was measured
to the nearest centimetre.
The data from 23 men aged 55 or over and 29 women

aged 65 or over who satisfied our criteria of normality
were combined with those from the 202 men and
199 women in the original series. In calculating the
equations for the regression of PEF on age and height
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in each sex we made the following assumptions:
(a) PEF increases to a maximum during early adult-
hood and thereafter declines with age; (b) at any given
age PEF increases with height. These assumptions
are satisfied by the model, loge PEF=a age+b loge
age+ c/height+ d. The method of least squares analysis
was used to determine the equations which gave the
best fit with the data.

Results
The table gives the age and sex distribution of the

225 men and 228 women studied. Only seven men were
aged 65 or over, whereas the women's ages were more
evenly distributed in the older age groups. The
equations which gave the best fit with the data were, for
men: loge PEF (l/min)=0544 loge age-00151
age-74-7/height (cm)+5A48; and for women: loge PEF
(lImin)=0 376 loge age-0-0120 age- 58-8/height
(cm)+5*63.

Figure 1 shows the observed values of PEF in the
men and women plotted against age. The figure also
shows the regressions ofPEF on age (obtained from the

Age distribution of 225 men and 228 women who were lifelong
non-smokers and who satisfied strict criteria ofnormality

Age (years) No (%/0) of men No (%) of women

15-24 72 (32) 71 (31)
25-34 51 (23) 33(14)
35-44 44 (20) 48 (21)
45-54 29 (13) 26 (11)
55-64 22 (10) 22 (10)
65-74 7 (3) 14 (6)
7 25 14 (6)

Total 225 (100) 228 (100)

new equations) for the mean heights of the men (177
cm) and women (162 cm) together with their 90%
confidence intervals. Maximum values of PEF in both
sexes occurred at around 30-35 years of age. After
about age 50 PEF fell by about 4 1/min a year in men
and 2 5 1/min a year in women. In both sexes the lower
90% confidence limits (below which only 5% of values
from normal subjects would be expected to fall) were
roughly 70-80 1/min below predicted and did not differ
greatly with age. Of the total variation in PEF, only a
small part (30% in men, 28% in women) was accounted
for by differences in age and height.

Figure 2 shows the new regressions for men with a
height of 175 cm and women with a height of 160 cm
compared with those which we reported previously.4

,-
E

u-
*u

Men

Women

15
15 35 55 75

Age in years

FIG 2-Mean peak expiratory flow (PEF) in men with height of
175 cm and women with height of 160 cm derived from new regression
equations compared with those described by us in 19733 and by other
workers. Men: I=Present series, 2=Gregg and Nunn (1973),'
3=Leiner et al,6 4=European Community for Coal and Steel.'
Women: I =Present series, 2 =Gregg andNunn (1973),' 4 =European
Community for Coal and Steel,' 5=Pelzer and Thomson'

In men the largest difference was about 15 1/min at
45-55 years of age, whereas in women it was about
10 1/min during adolescence and between the ages of 25
and 35. Figure 2 also shows the regressions published
by some other workers6'1 for men and women of the
same heights.

Discussion
The problems of defining "normality" for the

16 , 315 46 ~565 715 purpose of establishing reference values for pulmonary
5 25 35 45 55 65 75 function have been discussed by Miller9 and Lebowitz

Women et al."0 Lifelong non-smoking was the principalcriterion that we used in selecting subjects for both our
0 * original4 and present studies.

* 0 It has been contended that predicted values obtained
,0 0 in non-smokers in the general population "reduce their

*40 * - @ t * * * =usefulness as indicators of disease."" Nevertheless,
0 --- . I_*_.. though data from non-smoking communities of

Mormons or Seventh Day Adventists'2 may be
Oojers TO--A * * ** Xunrepresentative because of factors associated with

S.* * _ **** 0@ their genealogy or lifestyle,9 it has been shown that
* _ * ' *@smokers who deny cough or other symptoms have

* *~ * significantly lower levels ofPEF than non-smokers,'3"16
*~ even among adolescents.'7
* The effects of smoking on ventilatory function are

likely to be particularly great in the elderly by reason
______________________________________________________ _ ,, of their generally longer exposure. Among older
15 25 35 45 55 65 75 85 people, especially men, only a small proportion have

Age in years never smoked." Their inadequate representation in
erved values ofpeak expiratory flow (PEF) in 225 men and 228 women who had never smoked our original series precluded use of the regression
filled other strict criteria ofnormality (see text). Regression curves and 90% confidence intervals equations for predicting PEF in men aged over 55 and
tean heights ofmen and women (177cm and 162 cm, respectively) women aged over 65. We suggested that approxima-
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tions could be made by extending the regression curves
linearly beyond these ages,4 an expedient that was
adopted in the nomogram issued by the distributors of
the Wright and mini Wright meters.
The model which we used to calculate the new

regression equations was similar to one that Berglund
et al used in a study of forced expiratory volume. in
one second and vital capacity.'9 In being curvilinear
our regressions differ from those of most other
workers,6`8202' two of which (Leiner et a16 in men,
Pelzer and Thomson7 in women) have been recom-
mended as reference values for predicting PEF.22 As
pointed out by Brooks and Waller, linear regressions
from 20 years of age give falsely high predicted values
in adolescents and young adults (fig 2).23

Reference values of PEF have been published by a
working party of the European Community for Coal
and Steel, convened for the purpose of standardising
lung function tests.8 These were derived by combining
data from several studies, all of which had included
smokers and ex-smokers unless they admitted to
expectoration or gave a history of chest disease. The
regressions of the working party and those recom-
mended by Cotes,22 which also included smokers, are
substantially lower than ours at all ages in both sexes,
except in adolescents (fig 2).

In a person with normal bronchi and alveoli the
magnitude of PEF is determined by the pressure
exerted in a forced expiration and hence the power of
the expiratory muscles; it is also influenced by body
build and, in particular, thoracic volume. The only
conveniently measured index of body build is standing
height, but this correlates poorly with thoracic volume.
This explains much of the wide variation in PEF which
we found among subjects (fig 1), of which our new
equations accounted for only slightly more of the
variation in men than our original regressions (30% v
23%), whereas in women the amount explained was the
same (28%).
A curvilinear regression of PEF, rising to a maxi-

mum by about 30-35 years, is consistent with increas-
ing body size and muscular power. The generally
greater thoracic volumes and muscular power of men
accounted for much of the difference in PEF between
men and women of the same age and height. Differ-
ences of body build are also the probable explanation
for the finding that, independently of smoking habit,
PEF in Africans,2427 Indians,2829 and Chinese30 is lower
than in European subjects of corresponding age and
height. That these differences are of racial rather than
environmental origin is suggested by studies of
immigrants to Britain. Asians from the Indian subcon-
tinent and east Africa have been found to have lower
values of PEF, forced expiratory volume in one
second, and forced vital capacity than those of native
Britons or immigrants from the West Indies.3' 32

Reduced air density at high altitude has little effect
on PEF and may be ignored for clinical purposes;
values at 3000 m were only 3 5% less than at sea level.833
On the other hand, voluntary effort has a considerable
influence on PEF, which is greater than in other tests of
ventilatory function, and it is essential to ensure that
subjects make a maximum effort. Close attention must
also be paid to the correct technique of performing the
test,'°'4 otherwise falsely low values will be obtained.
The measurements of PEF in this study were made

with the standard Wright peak flow meter,3 whereas
most general practitioners use a mini Wright meter.2
Though the values given by the two instruments are

generally in close agreement,5 the mini Wright meter
is less robust and apt to lose calibration.56
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the Chest, Heart, and Stroke Association; and Clement
Clarke International Ltd.
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