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independent variables all factors and all the inter-
actions of those factors utilized in the sampling
procedure, were carried out. The predicted values
for nonsmokers in Table II were found to be changed
by less than 4-0-002, and no significant changes in the
estimated smoking effects were found. What might
be somewhat inflated are the proportions of the
variance accounted for by the age and smoking
history variables in the regression analysis.

DISCUSSION

Bates (1952) reported measurements of the fractional
CO uptake in normal subjects and in patients with
emphysema. Since that time a number of authors
have reported on the use of the FUco in the evalua-
‘tion of respiratory patients (Marks, Cugell, Cadigan,
and Gaensler, 1957; MacNamara, Prime, and
Sinclair, 1959; Bates, Woolf, and Paul, 1962;
Kreukniet and Visser, 1962; Woolf, 1964; Woolf,
1965; Bates et al., 1966; James and Rumble, 1967;
Rasmussen and Nelson, 1971 ; Bates, 1973).

Mean values of the FUco for small numbers of
normal subjects have been published by several
authors (Bates, 1952; Marks et al., 1957; Shephard,
Carey, and Phair, 1958; MacNamara et al., 1959;
Woolf, 1964; Woolf, 1965). Mean values of the
FUco during exercise for 298 normal women have
been published by Woolf and Suero (1971). Aguzzi,
Woolf, and Paterson (1966) have reported on the
FUco in very old people.

Predicted normal values for the FUco as a function
of age and height have been published by Bates e al.
(1971). A prediction equation for white males has
been published by Bates et al. (1962): it is FUco=
0-82085 —0-00341 x age — 0-00322 X height (inches).
The prediction equation for white males, based on
nonsmokers, from this study is FUco=0-58032—
0-00204 x age + 0-0004 x weight (kilograms) without
correction for tidal volume.

In this study weight correlated much more strongly
with the FUco than did height, and the effect of
standing height was not significant after correction
for weight. The effects of weight and height in this
study were positive, rather than negative, as in the
equation above of Bates et al. (1962). Anderson and
Shephard (1969) found weight to be the most useful
anthropometric predictor of single-breath diffusing
capacity, and theirs appears to be the only study of
diffusing capacity in which the optimum index of
body size has been arrived at statistically rather than
chosen arbitrarily. The effect of weight on the FUco,
although statistically significant, is certainly not
strong (Table I).

The effect of race, although again statistically
significant, is both minor (Table I) and constant; no
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indication of a racial difference in decline of the
FUco with age comparable to that observed for
the FEV, in this population (Stebbings, 1973) was
seen, but the analysis of the FUco data may have
been too unsophisticated to detect such an effect.

That the FUco should decline with age is not
surprising; nor is it surprising that the rate of decline
with age increases with increasing tobacco con-
sumption. The effect of these variables on the decline
of the pulmonary diffusing capacity in population
studies has been thoroughly reviewed by Van Ganse,
Ferris, and Cotes (1972). Reduction of the FUco
during exercise among smokers has been reported for
both men (Rasmussen and Nelson, 1971) and women
(Woolf and Suero, 1971).

Bates et al. (1971) emphasize the sensitivity of the
FUco to differences in minute volume; Lacoste
and Rouch (1965) emphasize the effect of respiratory
frequency. In this study of normal subjects at rest
minute volume, tidal volume, and respiratory
frequency explained only 1-5% of the individual
variability in the FUco, and this contribution may in
practice be ascribed to the tidal volume alone.
(Obviously, if individual variability over much
shorter time periods is studied, the percentage con-
tribution of these variables would be higher.)
Correction of the FUco to any constant tidal
volume within the normal testing range is simple; the
correction is small but should be used in epidemio-
logical studies or when observed values are on the
borderline of abnormality.

One of the most interesting findings of this study
was that the individual variability of a subject’s FUco
(over a period of one to two years) was much greater
than the unexplained variability in the population.
This is the opposite of the situation with lung volumes
and flow rates (Stebbings, 1971). Here the standard
error of the individual measurement was estimated as
approximately 0-07; the population standard error
was estimated to be in the range 0-01 to 0-02.

The standard deviation of the FUco in this
population was generally comparable to that reported
by others (MacNamara et al., 1959; Woolf, 1964).
However, Bates (1973) has estimated the standard
error of the individual FUco determination to be in
the range 0-025-0-04. These estimates refer, though,
to monthly measurements within a year so the time
periods between measurements are much less than the
mean 16-6 months in this study. ‘

If the results of this study are valid for measurement
of the FUco in large populations, they imply that the
FUco is essentially worthless as a screening test for
chronic respiratory disease. The purpose of screening
is to detect individuals at high risk of ultimate
disability or mortality from chronic respiratory
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disease; a measurement which changes drastically
over a period of months, or two or three years, is of
little use. What is required is a test which varies
among individuals in the population much more than
from time to time in the individual, and not the other
way around.

However, if changes in an individual’s FUco over
time truly reflect changes in the state of his lungs then
the test might be a sensitive tool for the measurement
of short-term effects of environmental factors on the
lung.

Bates et al. (1971) express the opinion that the
FUco is ‘a most useful index of normality’. They
claim the major advantage of simplicity of measure-
ment and calculation for the FUco, point out as its
main disadvantage sensitivity to minute volume,
and suggest that it would be useful in screening for
chronic respiratory disease. The simplicity of the
procedure is evident, but these data do not fully
support their other generalizations. Extrapolation of
these findings concerning the fractional carbon
monoxide uptake to more sophisticated methods of
measuring carbon monoxide exchange I shall leave to
others.
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