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Abstract

Carbon monoxide diffusing capacity (DLCO) or transfer factor (TLCO)
is a particularly useful test of the appropriateness of gas exchange
across the lung alveolocapillary membrane. With the purpose of
establishing predictive equations for DLCO using a non-smoking sample
of the adult Brazilian population, we prospectively evaluated 100
subjects (50 males and 50 females aged 20 to 80 years), randomly
selected from more than 8,000 individuals. Gender-specific linear
prediction equations were developed by multiple regression analysis
with single breath (SB) absolute and volume-corrected (VA) DLCO

values as dependent variables. In the prediction equations, age (years)
and height (cm) had opposite effects on DLCOSB (ml min-1 mmHg-1),
independent of gender (-0.13 (age) + 0.32 (height) - 13.07 in males and
-0.075 (age) + 0.18 (height) + 0.20 in females). On the other hand,
height had a positive effect on DLCOSB but a negative one on DLCOSB/
VA (P<0.01). We found that the predictive values from the most cited
studies using predominantly Caucasian samples were significantly
different from the actually measured values (P<0.05). Furthermore,
oxygen uptake at maximal exercise (V

.
O2max) correlated highly to

DLCOSB (R = 0.71, P<0.001); this variable, however, did not maintain
an independent role to explain the V

.
O2max variability in the multiple

regression analysis (P>0.05). Our results therefore provide an original
frame of reference for either DLCOSB or DLCOSB/VA in Brazilian
males and females aged 20 to 80 years, obtained from the standardized
single-breath technique.
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Introduction

Carbon monoxide (CO) diffusing capac-
ity (DLCO) measures the transfer of a diffu-
sion-limited gas (CO) across the lung alveo-
locapillary membrane. CO combines with
hemoglobin (Hb) about 210 times more
readily than does oxygen and in the presence

of normal amounts of Hb and normal ventila-
tory function, the primary limiting factor to
CO diffusion is the status of the membrane
(1,2). Traditionally, resistances to the diffu-
sion of CO (or O2) are listed in series as
follows: 1/DL = 1/Dt + 1/Dp + 1/qVC, where
DL is the diffusing capacity of the whole
lung, Dt is the pulmonary tissue component,
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Dp is the plasma component, q is the rate at
which 1 ml of blood takes up the gas and VC

is the capillary blood volume in ml (1). There-
fore, lung diffusing capacity may be changed
by �membrane� factors such as surface area,
thickness of the gas pathway and the mem-
brane composition or by qVC factors (i.e.,
changes in the operative capillary volume,
Hb concentration, PO2, pH, PCO2, tempera-
ture and backpressure for CO) (1). DLCO is
reduced in several conditions such as inter-
stitial, obstructive and vascular disorders of
the lungs. Additionally, there is a definite role
for the DLCO measurement in predicting arteri-
al desaturation during exercise and in the evalu-
ation of impairment/disability. Conversely,
there are some conditions in which an abnor-
mally increased DLCO can be seen, e.g., poly-
cythemia, pulmonary hemorrhage, increase in
pulmonary blood flow (left-to-right shunt) and
possibly bronchial asthma (1-4).

The rather complex anatomical and physi-
ological aspects which underlie DLCO ex-
plain i) its wide clinical and research appli-
cations and ii) the need to use either a care-
fully standardized technique or representa-
tive reference values. As for most biological
measurements, normative values for DLCO

should ideally be obtained from a randomly
selected, geographically related population
in order to improve accuracy and reduce
variability (5). To the best of our knowledge,
however, there is no published source of
reference values for DLCO which have been
obtained from a randomly selected sample
of the general population in Brazil. This
study is the third communication in a se-
quence of descriptions of reference values
for lung function tests (other than spirom-
etry) obtained in a randomized sample of
urban, adult Brazilians (6,7). This report,
therefore, is primarily concerned with the
description of an original set of gender-spe-
cific predictive equations for carbon monox-
ide diffusion capacity of the lungs (DLCO)
using the single-breath (SB) standardized
technique (3,4,8-10).

Material and Methods

Study design and subjects

The exclusion criteria and the ethnic,
demographic, anthropometric, spirometric
and regular physical activity profile of the
population evaluated was previously de-
scribed in detail (6).

Protocol

The subjects were submitted to the proto-
col following this sequence: a) complete
clinical, hematological and cardiorespiratory
evaluation at rest; b) evaluation of the regu-
lar physical activity pattern by a question-
naire (5); c) determination of maximal in-
spiratory and expiratory pressures and maxi-
mal voluntary ventilation; d) spirometry and
static lung volume measurements; e) deter-
mination of the lung diffusion capacity for
carbon monoxide, and f) cardiopulmonary
exercise tests on a cycle ergometer (a square-
wave protocol at 25 W for subject familiar-
ization and, after 1 h, a maximal ramp-incre-
mental exercise test). On a separate day, g)
total and regional body composition was
evaluated by dual energy X-ray absorptio-
metry (DEXA) and h) knee strength meas-
ured by isokinetic dynamometry. A detailed
description of the techniques cited in items
a, b, c, d, f, g and h was given in studies I and
II in this series (6,7).

Before the tests, the procedures, includ-
ing the known risks, were described in detail
and written informed consent (as approved
by the Institutional Medical Ethics Commit-
tee) was obtained from all subjects. The
subjects did not receive remuneration.

Carbon monoxide diffusing capacity

DLCO was measured by the modified
Krogh technique (single-breath) using a com-
puter-based automated system (PF-DX,
Medical Graphics Corp., St. Paul, MN, USA)



731

Braz J Med Biol Res 32(6) 1999

Lung diffusing capacity in healthy humans

(3). The procedure was previously explained
and demonstrated by a designated techni-
cian. The subjects wore noseclips and were
in the seated position. All tests were per-
formed in the same laboratory at a baromet-
ric pressure of 685-699 mmHg, temperature
between 22-28oC and 680 m above sea level
(São Paulo, Southeast Brazil).

In this test, the subject, after exhaling to
residual volume (RV), inspires a vital capac-
ity (VC) breath of a gas mixture from the
system (0.3% CO, 10% He, 21% O2, N2

balance) to total lung capacity (TLC), then
holding the breath for 10 s. At the end of the
breath-hold, the subject exhales a fixed wash-
out volume (750 ml) and a sample of alveo-
lar gas (500 ml) is taken for analysis with a
multiple-gas chromatographic analyzer (2-
4,8-12). Considering that the DLCO is the rate
of uptake of CO in ml of gas standard tem-
perature and pressure, dry (STPD) per minute
and per mmHg driving pressure of CO, then:

DLCO = VCO/PACO-PcCO

where VCO is the uptake of CO in ml, PACO
is the average alveolar pressure of CO, and
PcCO is the mean capillary pressure for CO
(i.e., flow/pressure difference or conduc-
tance). Assuming that the change in PcCO is
inconsequential due to the strong affinity of
CO for Hb, and the carboxyhemoglobin
(COHb) level is very low, the denominator
can be reduced to PACO. The concentration
of CO in the alveolar gas at the beginning of
the breath-hold (FACO0) is computed as:

FACO = FICO x FAHe/FIHe

where FICO is the inhaled fraction of CO
(0.003), FAHe is the fraction of He in the
end-tidal sample (alveolar) and FIHe is the
fraction of He in inspired gas (0.10). The
DLCOSB can then be calculated as:

DLCOSB = VA x 60/(Pb-47) x T x
(Ln FACO0/FACOT)

where VA is the alveolar volume calculated
from the single-breath dilution of He (VI/

(FAHe/FIHe)) x STPD correction factor, 60
is the correction from seconds to minutes, Pb
is the barometric pressure, 47 is the water
vapor pressure at 37oC, T is the breath-hold
interval, Ln is the natural logarithm and
FACOT is the fraction of CO at the end of
diffusion (2).

The following additional technical as-
pects were standardized (3,4,9): inspired
volume was always higher than 90% of VC
and this was attained in less than 2.5 s; the
timing method used was that of Ogilvie et al.
(13) (from the beginning of inspiration to the
beginning of alveolar sample) and both
Mueller and Valsalva maneuvers were
avoided by instructing the subjects to per-
form a relaxed breath-holding maneuver. At
least two tests were performed, with the
results being within 10% or 3 ml CO min-1

mmHg-1 (STPD) whichever was greater. The
results were reported in ml of CO per mmHg
of driving pressure at 0oC, 760 mmHg, dry
(i.e., STPD) either in absolute or VA cor-
rected values.

Data analysis

All data obtained were entered into a
personal computer for statistical analysis
using the Statistical Package for the Social
SciencesTM - SPSS (14). The statistical ap-
proach used for data analysis (15) was de-
scribed in details by Neder et al. (6).

Results

Means ± SD values of the variables are
presented in Table 1: although males pre-
sented higher absolute values than females,
volume-corrected values were not signifi-
cantly different between sexes (P>0.05). As
anticipated, TLC and height showed the stron-
gest correlation with DLCOSB (R = 0.70 and
0.68, respectively) but weight correlated less
(R = 0.37). Age presented a moderate nega-
tive relationship with the diffusing capacity
(R = -0.36) (Figure 1, Table 2). When these
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Table 1 - Absolute and alveolar volume-corrected (VA) values of single-breath carbon monoxide diffusing
capacity (DLcoSB) in males and females by age group.

Data are reported as means ± SD. +Significant effect between age groups within sex (P<0.05); 20-29 and 30-
39 age groups vs 40-49 to 70-80 groups. *Significant effect between sex groups (P<0.05); males vs females
by age group.

Age Males (N = 50) Females (N = 50)
(years)

DLCOSB DLCOSB/VA DLCOSB DLCOSB/VA

(ml min-1 mmHg-1) (ml min-1 mmHg-1 l-1) (ml min-1 mmHg-1) (ml min-1 mmHg-1 l-1)

20-29 39.9 ± 5.7+* 5.87 ± 0.68+ 27.7 ± 1.9+ 5.83 ± 0.63+

30-39 37.3 ± 6.0+* 5.47 ± 0.67+ 27.1 ± 2.6+ 5.52 ± 0.72+

40-49 29.6 ± 5.3* 4.91 ± 0.85 23.9 ± 2.3 5.20 ± 1.07

50-59 30.7 ± 4.0* 5.14 ± 1.20 23.4 ± 2.1 4.99 ± 0.70

60-69 28.0 ± 6.2* 5.11 ± 0.56 23.5 ± 3.7 5.12 ± 0.64

70-80 29.3 ± 4.8* 4.62 ± 1.09 21.1 ± 1.5 5.1 ± 0.70

variables were more properly considered in
a multiple regression analysis, only height
and age remained with an independent pre-
dictive power in both sexes (Table 3). Simi-
lar findings were also found in regard to
DLCOSB/VA prediction. However, we found
a rather negative effect of height on the
prediction of this variable, independent of
gender (Table 3). After application of the
predicted residual sum of squares (PRESS)
method in the regression equations, we found
only a mild effect in the R and standard error
of the estimate (SEE) original values (RPRESS

ranging from 0.012-0.045 units below origi-
nal R and SEEPRESS values being 5-9% higher
than the original SEE values). This suggests
that these equations might be used on other
similar samples without a significant loss in
accuracy (16).

We also evaluated the predictive accu-
racy of some of the most cited studies for
DLCO prediction which used predominantly
Caucasian subjects (3,17,18). Interestingly,
we found that the performance of the equa-
tions was strongly influenced by the magni-
tude of the observed value: there was an
overestimation of the lower values and an
underestimation of the higher ones (P<0.05).
These findings were more clearly evident in

the male group (Figure 2). Similar results
were obtained regarding the alveolar vol-
ume-corrected values (Figure 3).

Finally, we investigated the relationship
between maximum aerobic power (V

.
O2max)

and DLCOSB (Figure 4), Although these vari-
ables were highly correlated in a bivariate
analysis (R = 0.70), DLCOSB did not main-
tain an independent predictive role for
V
.
O2max in a multiple regression model

which considered gender, age, height and
weight (data not shown).

Discussion

This study is the third paper in a sequence
of reports of reference values for lung func-
tion tests (other than spirometry) which were
derived from a randomly selected sample of
sedentary, healthy adult Brazilians (6,7). We
confirmed previous studies reporting that
age and height are independent predictors of
both absolute and volume-corrected values
of carbon monoxide diffusion capacity
(DLCOSB and DLCOSB/VA, respectively). The
equations generated in this study, however,
were at significant variance with some of the
most cited previous studies which used pre-
dominantly Caucasian samples (3,17,18). In-
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terestingly, there was no systematic overes-
timation of the observed values despite re-
ports of lower values in populations other
than Caucasians (3,4,19). These results are
consistent with the statistical notion that ref-
erence values for some biological measure-
ments should be obtained ideally from a
randomly selected sample with a general
profile similar to that of the population to
which these values will be applied (5).

The negative correlation of age with
DLCOSB could be anticipated since aging is
related to a decline in the total area of the
alveolocapillary membrane and the capillary
operating volume and to an increase in both
ventilation-perfusion (V

.
 /Q

.
 ) mismatch and in

the closing capacity of the small airways
(i.e., closing volume plus residual volume)
(1,2,20). Additionally, older subjects may
show a small, but significant, reduction in
TLC (1). On the other hand, height is closely
related to lung volumes and therefore posi-
tively associated with DLCO. The negative
effect of height in the DLCOSB/VA ratio,
however, is probably linked to a non-linear
relationship between VA and height in the
taller subjects, i.e., there is a higher increase
in the denominator of this ratio with increas-
ing height (21). Although weight was also
positively associated with DLCOSB (Table
1), this variable did not continue to be an
independent predictor when considered in
addition to age and height (Table 3). On the
other hand, Ray et al. (22), in a study of
morbidity among obese subjects, found that
DLCOSB decreases when the weight-to-height
ratio is greater than 1.0; because of our ex-
clusion criteria, however, these subjects were
not evaluated in the present study.

The wide variability in the values for
DLCOSB predicted from different equations
and within the same set of equations (our R2

values varied from 0.22 to 0.36, for example
- Table 3) seems of such magnitude that
errors in gas measurements, poor standardi-
zation and different computational algorithms
could be involved. In this study, we chose to
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Table 2 - Correlation matrix.

V
.
O2max: Maximum oxygen uptake; TLC: total lung capacity; DLCO:

single-breath carbon monoxide diffusing capacity. *P<0.05. **P<0.01.

Age Height Weight V
.
O2max TLC DLCOSB

Age 1.00
Height -0.22* 1.00
Weight -0.01 0.54** 1.00
V
.
O2max -0.61** 0.67** 0.50** 1.00

TLC -0.24* 0.85** 0.49* 0.67** 1.00
DLCOSB -0.36** 0.68** 0.37** 0.71** 0.70** 1.00
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Figure 1 - Carbon monoxide diffusing capacity (DLCOSB) as a function of age
(upper panel) and height (lower panel) in 100 healthy sedentary subjects.
Regression lines are presented with the corresponding 95% confidence
limits (CL).
Males: y = -0.15 (age) + 41.4 (CL for x = 12.3) or 0.38 (height) - 30.9 (CL =
12.4), P<0.05.
Females: y = -0.09 (age) + 29.1 (CL for x = 4.8) or 0.23 (height) - 12.4 (CL =
5.2), P<0.01.
Rsq is the coefficient of determination.
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Males

Table 3 - Linear prediction equations for absolute and alveolar volume-corrected (VA) values of single-breath
carbon monoxide diffusing capacity (DLCOSB) in males and females aged 20 to 80 years.

Values in the columns represent coefficient estimates followed by the respective standard error of estimate.
R2 = Coefficient of determination; RSE = residual standard error.

Variable Sex Age (years) Height (cm) Constant R2 RSE

DLCOSB Male -0.13 ± 0.05 0.32 ± 0.14 -13.07 ± 24.67 0.245 6.01
(ml min-1 mmHg-1)

Female -0.075 ± 0.02 0.18 ± 0.05 0.20 ± 9.41 0.365 2.42

DLCOSB/VA Male -0.031 ± 0.007 -0.053 ± 0.019 15.55 ± 3.29 0.337 0.83
(ml/min-1/mmHg-1 l-1)

Female -0.014 ± 0.004 -0.023 ± 0.013 9.55 ± 2.68 0.220 0.74
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Figure 2 - Single-breath carbon
monoxide diffusing capacity
(DLCOSB) observed and pre-
dicted values by previous equa-
tions (3,17,18) as a function of
the actually measured values in
males and females aged 20 to
80 years. Dashed lines delimit
the difference between ob-
served and predicted values
which could be accounted for by
the inherent error in measure-
ments.
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use the well-standardized single-breath tech-
nique considering its availability, simplicity
and lower influence from the V

.
 /Q

.
  mismatch

than other techniques (1,2). The more sig-
nificant disadvantages are related to the need
for a breath-holding maneuver, the variabil-
ity in maximal attained lung volume, and its
restricted application during moderate to se-
vere dynamic exercise (1,2). Most of these
problems, however, may be overcome by
using a carefully standardized technique (see
Methods). The other confounding factors in
the DLCO analysis, such as low PAO2 and
high COHb, were avoided by controlling the
PIO2 in the test gas and using non-smokers.
Additionally, resting condition, body posi-

tion and the time period were standardized.
Finally, the study of only non-anemic sub-
jects (mean ± SD values and range of Hb in
mg% were: 15.6 ± 1.6, 13-20.6 in males and
13.4 ± 1.3, 12.1-18.6 in females) allowed the
Hb correction factor to be dispensed with. In
anemic patients, however, test results should
be expressed in both absolute and Hb-cor-
rected values (8).

A particularly noticeable result was the
non-parallel error of the North American
and European equations in predicting
DLCOSB and DLCOSB/VA in both males and
females, i.e., there was significant overesti-
mation at low values and underestimation at
high values (Figures 2 and 3). Although the
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underlying mechanisms are still speculative,
it is noteworthy that we found identical re-
sults regarding the static LV prediction (6).
Apart from potential small but additive dif-
ferences in any of the several anatomical and
physiological determinants of the lung diffu-
sion capacity (1-4), a statistical explanation
could also be hypothesized: it is well known
that a weaker prediction power is expected at
the extremes of the regression, notably when
the original sample is very different from the
sample studied (15). Therefore, an overesti-
mation at low values would be predictable if
one considers that few subjects with anthro-
pometric characteristics similar to those of
our older and shorter subjects were evalu-
ated in the previous Caucasian-based stud-
ies. On the other hand, it is tempting to
suggest that, possibly due to secular trends
(5), younger and taller Brazilians would pres-
ent higher values than expected for their
older (and shorter) counterparts. Although a
non-linear adjustment did not produce a bet-
ter fit for our cross-sectional data (Figure 1),
this hypothesis warrants further consider-
ation using appropriate longitudinal evalua-
tions.

Another interesting finding was the strong
correlation between V

.
 O2max and DLCOSB.

Figure 3 - Volume-corrected (VA)
single-breath carbon monoxide
diffusing capacity (DLCOSB/VA)
observed and predicted values
by previous equations (3,17,18)
as a function of the actually
measured values in males and
females aged 20 to 80 years.
Dashed lines delimit the differ-
ence between observed and
predicted values which could be
accounted for by the inherent
error in measurements.
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between oxygen uptake at maxi-
mum cycle ergometry (V

.
O2max,

ml/min) and the carbon monox-
ide diffusing capacity (DLCOSB).
The slope of this relationship
was similar in both sexes (35.36)
but with different intercepts
(979 in males and 455 in fe-
males, SEE = 387, P<0.01). The
regression line is presented with
the 95% confidence limit (CL).
Rsq is the coefficient of deter-
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diffusing factors, however, seems to be likely
only in extreme conditions such as in highly
fit subjects (particularly older) and at high
altitudes (23). On the other hand, it should
be recognized that the absence of an inde-
pendent predictive role of DLCOSB for
V
.
 O2max is probably linked to the high de-

gree of multi-colinearity between aerobic
power and age and height (Table 1), and the
multiple regression analysis is not an ad-
equate approach for evaluating such a cause-
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effect relationship (18). Even so, although
our DLCOSB-based prediction equation for
V
.
O2max had only a moderate predictive

power with a rather higher SEE (Figure 2), it
could be used with some necessary caution
to estimate V

.
O2max in healthy subjects.

In summary, we have presented a new
frame of reference to evaluate the normality of
the carbon monoxide diffusing capacity of the
lungs (DLCOSB) which was obtained from a
randomly selected sample of adult Brazilians.
Since previous equations, using predominantly
Caucasian subjects (3,17,18), overestimated
the observed values at low values and underes-
timated them at high values, the use of these
equations based on subjects from other coun-
tries with an �adjusting factor� is not advis-
able. Our results, however, should be com-
pared with those obtained for males and fe-
males aged 20 to 80 years submitted to the
same standardized single-breath technique.
Additionally, the validity of these reference
values should be assessed further in other
Brazilian samples of different ethnic and geo-
graphical backgrounds.
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