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Lung function in healthy British women
A M HALL, C HEYWOOD, AND J E COTES

From the MRC Pneumoconiosis Unit, Llandough Hospital, Penarth, Glamorgan CF6 IXW, UK

ABSTRACT The forced expiratory volume, total lung capacity, transfer factor (diffusing capacity),
and their subdivisions have been measured in 113 healthy British women aged 27 to 74 years of
whom 47 were current smokers and 66 were lifetime non-smokers. The results have been
analysed in terms of age, stature, mass, body fat, and smoking. In addition to their relation to
stature and to age, the inspiratory capacity was positively correlated with indices of body
muscle while the residual volume, expiratory reserve volume, and total lung capacity were
inversely correlated with the percentage of body mass that is fat or with mass divided by the
square of stature. The inverse correlation between total lung capacity and age was apparently
due to the quantity of body fat increasing with age. The transfer factor and its subdivisions
were inversely correlated with smoking. In this study the forced expiratory volume and vital
capacity were independent of both fat and smoking; the transfer factor was independent of the
physiological response to exercise. The results provide reference values for lung function in
British women.

Reference values for indices of lung function in
healthy women are available from several sources
but since the pioneer work of Needham et al
(1954) few series have been reported from Britain.
This paper describes the results for 113 healthy
women in England and Wales of whom most were
identified by a process of random sampling from
the communities where they lived and who at-
tended for a study of the physiological response
to exercise (Cotes et al, 1974). The present results
provide reference values for lung function in such
subjects.

Subjects and methods

We studied 141 subjects who were drawn from
three separate investigations, and the results were
pooled after it had been established that there were
no significant differences between them. Seventy-
seven women were recruited from sampling
randomly chosen houses in the Vale of Gla-
morgan, 21 from sampling the lists of general
medical practitioners in Splott, Cardiff, and 43
from the domestic and academic staff of the
Carnegie College of Physical Education, Leeds.
The subjects completed the MRC questionnaire
on respiratory symptoms and underwent clinical
interview and examination; they were all con-
sidered to be in good health at the time of the

study. None had chronic bronchitis as defined
(Medical Research Council, 1965).
The forced expiratory volume and vital capacity

were measured using a McDermott bellows spiro-
meter. The result used for the analysis in the case
of the forced expiratory volume was the mean of
three technically satisfactory blows after two
practice attempts. The forced vital capacity was
the mean of two determinations obtained on the
last of three forced expirations and on one subse-
quent expiration. The total lung capacity and its
subdivisions were measured by the helium dilution
closed circuit method with the subject seated
upright using a resparameter (Morgan), and this
apparatus was also used for the measurement by
the single breath carbon monoxide method of the
transfer factor for the lung, (diffusing capacity),
the diffusing capacity of the alveolar capillary
membrane, and the volume of blood in the lung
capillaries. The stature was measured using a
stadiometer (Holtain). The percentage of body
weight that is fat was estimated from the body
mass and the skinfold thickness at four sites. The
percentage was used both as an index of adiposity
and to derive the fat free mass. The latter, when
divided by the square of the stature, was used as
an index of muscularity. All these measurements,
which were made on a single occasion, are
described in detail elsewhere (Cotes, 1979).
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The analysis relates to the 113 subjects for whom
complete data were obtained and who were either
current smokers (47) or non-smokers (66), the ex-
smokers being excluded. In the analysis the results
for the diffusing capacity of the alveolar capillary
membrane and the volume of blood in the lung
capillaries were used in the reciprocal form in
which they were derived; the 5% level of
probability was accepted as significant.

Results

The mean values and ranges for the age, height,
and mass of the subjects and for their lung
function are given in table 1. Table 2 gives the
linear regression relation on height and age or
mass where these contribute significantly to the
description of the findings. Table 3 gives an ex-
panded form of the relation including a term or
terms for current smoking, body fat, and other
anthropometric variables where these significantly
reduced the scatter about the linear regression
equation.

Table 1 Mean values and ranges for the indices
used in the analysis n=113

Index Mean Range Standard
deviation

Age (a) 47-1 27-74
Stature (m) 1-6 1-45-1-77
Mass (kg) 63-0 41-107
Fat free mass (kg) 40-0 30-56 5-24
Body fat/body mass (%) 35-4 17-45 6-75
Haemoglobin concentration

(gdl-') 13-9 10-2-16-2 -
Forced expiratory volume
(FEV,, 1) 2-47 0-98-4-05 0-57

Forced vital capacity (FVC, 1) 3-25 1-28-5-08 0-67
FEV% (of FVC) 76 54-95 6-58
Total lung capacity

(from VC, TLC, l) 5-2 3.54-7.57 0-78
Total lung capacity

(from FVC, TLC', 1) 4.94 335-6-91 0-76
Vital capacity (2-stage, VC, 1) 3-51 1-43-5-74 0-71
Inspiratory capacity (IC, l) 2134 0-93-3-86 0 5
Expiratory reserve volume
(ERV, 1) 1-16 0-25-2-33 0-49

Functional residual capacity
(FRC, 1) 2-85 1-63-4-48 0-64

Residual volume (RV, 1) 1-69 0-82-2-67 0-38
RV% (ofTLC') 34.5 20-2-62-2 7-18
Mixing index (VA'/VA) 0-965 0 72-1 12 -

Transfer factor (Tl, mmol
min-' kPa-l)* 8-9 3-79-14-5 1-71

Kco (mmol minm- kPa-' 1 1)* 1-79 0-84-2-42 0-3
Diffusing capacity of alveolar

capillary membrane (Dm,
mmol min-' kPa-')* 16-0 7-0-31-4 -

1/Dm 0-0674 0-0319-0-142 0-0189
Volume of blood in alveolar

capillaries (Vc, 1) 0-065 0-016-0-131 -
l/Vc 17-1 7-7-62-9 6-806

*To convert from mmol kPa-' to ml STPD, mmHg-' multiply by 2-99.
Kco-=transfer factor- alveolar volume.

Table 2 Regression equations of lung function on
age, stature, and, for FRC, body mass where these
terms are significant. (For abbreviations, symbols,
and units see table 1)

Coefficients on Constant Standard Coefficient
term deviation of

Age* Statitre variation

FEV -0-029 3-29 -1-42 0-36 14*7
FVC -0-29 4-663 -2-88 0-44 13*4
FEV% -0-222 - 86*53 6-18 8-1
TLC' -0*0126 7-461 -6-42 0-51 10-4
VC -0-029 4-97 -3-11 0 47 13-4
IC - 3-41 -3-12 0-44 18 8
FRC -0.031* 6-6 -5-76 0 43 15*0
ERV -0-025 1-74 -0 44 0*36 31*2
RV 0-016 2*797 -3*54 0-31 18-6
RV% 0-43 - 14-33 5-68 16-4
TI -0-036 9*43 -4-53 1-51 17-0
Kco NSR
l/Dm x 10-3 0-42 -63 146 1-76 25-9
I /Vc - 26-9 60-0 6-59 38-4
VA'/VA NSR

*For FRC the coefficient is on body mass (kg), not age.
NSR=No significant relationship on stature or age or both (except in
the presence of other variables, see table 3).

Table 3 Regression equations of lung function on
age (A), stature (St), and other variables where these
are significant, including current smokers (Sm) as
compared with never smoked, body mass (M), fat free
mass (FFM), and body fat as percentage of body
mass (F). (For abbreviations, symbols, and units see
table 1)

SD Cof V

FEV%/ 89-2-0-248A-3-45 Sm 5-93 7-8
IC -5-25+3-48 St+0-131 FFM/St2 0-39 16-4

-4-55-0-008A+3-66 St+0-058 M/St2
FRC -1 -90+0-016A+3-90 St-0-0065 F 0-43 14-9

-1-53-0-0024A+4-16 St-0-089 M/St2
ERV 0-92-0-011A+1-31 St-0-038 F 0-31 26-4

1-26-0-021A+ 1-41 St-0-056 M/St2
RV -2-83+0-027A+2-65 St-0-028 F 0-51 16-1

-2-79+0-019A+2-75 St-0-032 M/St2
TLC' -5-60+7-39 St-0-036 F 0-47 9.5

-6-26+7-82 St-0-054 M/St2
RV%Y. 19-8+0-55A-0-31 F 5.4 15-5

20-9+0-45A-0-31 M/St2
Tl* -277-0-062A+9-46 St-3-84 Smi+

0-03A xSm 1-36 15-3
Kco 4-46-0-021A-0-67 Sm+0-087 M/St2 0-74 14-0
l/Dm 0-134+0-00072A-0-066 St+

0-044Sm-0-00074AxSm 0-016 24-5
I/Vc 62-7-29-2 St+3-5 Sm 6-6 38-4

80-0-29-8 St-0-95 FFM/St2 6-7 38-8

*When expressed as TI/St2 the A x Sm term is no longer significant.
SD =Standard deviation; C ofV =Coefficient of variation.

Discussion

The present results relate to 113 asymptomatic
and presumably healthy women from two geo-
graphically distinct parts of the UK; they embrace
all social classes, a wide range of occupations, and
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also smokers and non-smokers in about equal
numbers. The sample is biased in that subjects
were excluded who would not undertake a short
period of submaximal exercise on a cycle ergo-
meter. This criterion probably led to the loss of
some subjects with a low capacity for exercise
who, compared with physically active subjects,
might have had below average values relative to
age and stature for the vital capacity and the
transfer factor. Nevertheless, while the evidence
for a high level of habitual activity being associated
with superior lung function is relatively good
(Cotes, 1979) the evidence for a converse effect
of inactivity is meagre and its magnitude likely to
be unimportant. The measurements were made
by experienced workers using standard equipment
so that, while the tests were only applied on one
occasion there is no reason to doubt their freedom
from systematic error. Greater accuracy would
have been achieved by the measurements being
made in duplicate but the effect of this on the
scatter of results about significant regression re-
lation-for instance, on age and stature-is
relatively small (Berry, 1974). Thus in the absence
of more comprehensive information the present
results indicate the lung function to be expected
for healthy British women of European descent
living in pollution-free parts of England and
Wales.
The indices of lung function have been regressed

on age and stature, and the absolute levels of these
results are discussed in the next paragraph. The
extent to which age and stature contribute to the
overall variability is in line with the findings of
other studies. The effects of smoking are discussed
subsequently. In addition to these variables the
lung function is influenced by other body
dimensions including the percentage of body mass
that is fat and mass divided by stature squared
(table 3). In the presence of stature or age or both,
the inclusion of either of these variables (which are
themselves correlated, r=077) significantly re-
duces the scatter about the regression lines on age
and stature for the total lung capacity and its sub-
divisions, the functional residual capacity (includ-
ing both the residual volume and the expiratory
reserve volume), and the inspiratory capacity,
also for the residual volume as a percentage of
total lung capacity. Most of the volumes are re-
duced with an increased amount of fat (eg figs 1
and 2), but in the case of the inspiratory capacity
the association is a direct one; however it is no
longer significant when indices of muscularity
including fat free mass divided by stature squared
or mass divided by stature squared are also
included in the equation. A similar result has

Body fat (%)
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Stature ( m )

Fig 1 Relation of total lung capacity (TLC) to
stature and percentage body fat in healthy women.

50-

>' 30-

10-

Body fat (%'

25
Age (a )

35 45 50

Fig 2 Relation of residual volume as percentage of
total lung capacity (RV%) to age and percentage
body fat in healthy women.

been obtained recently for children (Cotes et al,
1979). Thus fat encroaches on the constituents of
the functional residual capacity while the inspira-
tory capacity is related directly to muscularity with
which the percentage fat is weakly correlated. In
the case of the total lung capacity the effect of
adiposity predominates and also explains the
association with age that is observed in most series
for women (table 2) but not usually for men. For
vital capacity the two opposing effects of fat and
muscle apparently neutralise each other as this
index and the forced expiratory volume are inde-
pendent of the percentage fat. The mechanism is
probably not in doubt except for the residual

F
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volume where either there is permanent closure of
some airways or the alveolar size is reduced or
the bronchomotor tone is increased. The present
results do not illuminate these alternatives, but
other evidence suggests that the first is the most
probable (Ulmer et al, 1970); a similar effect of
fat on the lung volumes has been observed by
others (Amrein et al, 1970). Of the indices of gas
exchange only the Kco is associated with the
bodily proportions; the change is in the direction
of an increase in body fat or in mass, or fat free

3.5-

L-
125-

15

2 0 -

-4-,

-~~..-: /,

.eR / Age 30

"-4-

Amreinetal (1970)
-- Berglund et al (1963)
.... . . . . . CECA ( 1971 )

Quanjer (1978)
Tammeling (1961)
Present result

A M Hall, C Heywood, and J E Cotes

mass, divided by stature squared, being accom-
panied by an increase in Kco. This may reflect the
inverse relationship of Kco to total lung capacity
with which these indices are inversely correlated.
The absolute level of the results after stan-

dardising for age and stature are compared with
those for other studies (figs 3-6). These show that,
neglecting any effect of smoking, the levels for
forced vital capacity are similar to those reported
by Dutch workers (Tammeling, 1961; Quanjer,
personal communication to JEC, 1978)) and in the

. Fig 3 Reference values for forcedAge 6 0 .-.,.-: ........expiratory volume (FEV1) in healthy
...-/S/- European women. The results of Quanjer

., / - . - (1978) are a personal communication to
JEC: for other sources see references.

,,/~~-'

I
15 16 17 15 16 17

Stature ( m )

- -a Amreinetol(1970)
-.----------CECA (1971)
-- Goldman and Becklake (1959)

- Grimby and Soderholm (1963)
- -- Tammeling (1961)
- Present result
* Need ham et al (1954) /

7
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Fig 4 Reference values for residual
Age 60 volume (RV) in healthy European

women. For sources see references.
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Amrein et cl (1970)
.... ----CECA (1971)

- - Goldman and Becklake (1959)
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Needham et al (1954)
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Present result

Fig 5 Reference values for total lung
capacity (TLC) in healthy European
women. For sources see references.
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case of younger women by workers in Scandinavia
(Berglund et al, 1963) but rather lower than for
the women in heavy industry reported by the
European Coal and Steel Community and for
women in the Swiss electrical industry (Amrein
et al, 1970). This latter disproportion which re-
lates particularly to the taller subjects, has been

Fig 6 Reference values for transfer
factor (diffusing capacity, Tl) in healthy
women. The results of Englert et al (1978)
are a personal communication to JEC:
those of Larsen (1970) are cited by
Cotes and Hall, 1970; for other sources
see references.

1.7

noted previously (Cotes et al, 1966; Smidt and
Nerger, 1976). Relative to the forced vital capacity
the forced expiratory volume of the present
subjects is slightly larger than in some other series,
probably reflecting the low levels of atmospheric
pollution and the exclusion of subjects with
chronic bronchitis. By contrast to the forced
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vital capacity where the present results lie near to
the middle of the reported range, the values for
the two-stage vital capacity are relatively large;
they exceed the FVC by on average 0-26 1. Both
vital capacities have been used for calculation of
total lung capacity.
The residual volume of the UK subjects is in

the main intermediate between that reported by
Needham et al (1954) and by Goldman and
Becklake (1959), both of whom used the closed
circuit helium dilution method. The present results
are rather larger than those found by the other
workers who often used different methods. The
reasons for the discrepancy are unclear. It leads
to the level of total lung capacity being rather
more similar between most of the series than is
the case for its two main constituents. The main
exception is the total lung capacity calculated from
the two-stage vital capacity in the present study.
This yields results that are consistently higher
than in any other series. The difference probably
reflects mainly the procedure for measurement and
suggests that the commonly assumed identity be-
tween the forced and the two-stage vital capacity
that is based mainly on study of men and of
children (Cotes et al, 1973b) may not obtain for
women.
The values for transfer factor are higher than

have been reported previously (see fig 6 for refer-
ences) but in the case of the Kco the results for
smokers and non-smokers separately resemble
those in other series (fig 7). Transfer factor is the
product of Kco and alveolar volume. Thus while
the Kco is influenced by many factors these are
unlikely to be the cause of the high Tl. Instead
this is due mainly to the alveolar volume being of
above average size. The reasons may be partly
technical though we believe this to be unlikely or
a reflection of the level of habitual activity of our
subjects. To investigate this aspect an association
was sought between the transfer factor and the
cardiac frequency during submaximal exercise
with and without allowance for fat free mass
(Cotes et al, 1973a); the expected relationship was
obtained between cardiac frequency and fat free
mass but the inclusion of cardiac frequency did
not reduce the variability about the relation of
the transfer indices on age, stature, and smoking.
This negative result suggests that the level of
habitual activity is not the cause of the high
values but does not exclude it. Thus further
studies are needed. The need is reinforced by the
observation that lower values for the transfer
factor have been reported previously from several
laboratories, including that of Englert as well as
our own (see Cotes and Hall, 1970, for references).

20 -

1.8-

_

'' 1 6-

-

0
u

".. ...

Present result,^
smokers

-Billiet ( 1963)
Englerteta/ (1978
Lund Larsen (1970)

-'- Salorinne (1976)
.Van Ganse et a/ (1972)

40 60
Fig 7 Reference values for Kco (transfer factor per
litre of alveolar volume) in healthy women. For
sources see caption to fig 6.

Thf effect of smoking on the function of the
lungs is well reported; however in most instances
it has not been separated from that of the cough
and phlegm to which it gives rise (Fletcher et al,
1976). In the present instance when this is done
the deleterious effect of smoking is apparent in the
case of the FEV%, the inspiratory capacity, the
transfer factor, the Kco, the diffusing capacity of
the alveolar capillary membrane, and the volume
of blood in the alveolar capillaries. There is a
similar trend for the functional residual capacity,
but it is not statistically significant. The effect is
in most instances additive and independent of age
(table 3) but in the case of the inspiratory capacity
it disappears when indices of muscularity are also
included in the regression equation. In the case
of the transfer factor and its subdivisions there is
an additional interaction between age and smok-
ing; the decline in transfer factor with age being
greater in the non-smokers than in the smokers
(table 3, fig 6). The difference might be due to the
subjects whose lungs were most affected by
smoking giving up the habit, but analysis of the
results for the ex-smokers among the present
women suggests that this is unlikely. Instead the
trend probably reflects self-selection on the part
of the older generation leading to those with less
robust lungs not taking up the habit at a time when
smoking among women was less prevalent than it
is today.
More study is needed to explore further the
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effects of the many factors that influence the
function of the lungs; meanwhile the results pro-
vide useful reference values for the lung volumes
and ventilatory capacity of healthy British
women.

We are indebted to our subjects for their participa-
tion, Miss J M Dabbs for making some of the
measurements, Mr G Berry for statistical advice,
Dr G J Miller for commenting on the manuscript,
Dr P Quanjer for allowing us to show in figs 3-7
the reference values of some other workers that
he had prepared for another purpose, and Mr R T
Harris for the photographs.
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