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Single breath transfer factor for carbon monoxide
in an asymptomatic population of never smokers

Amund Gulsvik, Per Bakke, Sjur Humerfelt, Ernst Omenaas, Tor Tosteson,
Scott T Weiss, Frank E Speizer

Abstract
Background Data on reference values
of transfer factor variables in general
populations of asymptomatic never
smokers are limited. The aim of this
study was to examine the relation be-
tween test variables and age, height,
haemoglobin concentration and car-
boxyhaemoglobin concentration.
Methods Measurements of single
breath transfer factor for carbon monox-
ide (TLCO) were obtained for a randomly
selected sample ofnever smokers in north
western Europe who were 18-73 years old
and had no respiratory symptoms or dis-
orders. Two recordings of TLCO with a
ratio of inspiratory vital capacity to for-
ced vital capacity of > 0-09 were obtained
by standardised techniques for 304
subjects.
Results The measurement errors
expressed as a percentage ofthe common
mean value of TLCo, volume adjusted
TLCO (Kco), and alveolar volume (VA)
were 4-5%, 4 2%, and 2-4% respectively.
Multiple linear regressions showed sex
specific effects of height and age on TLCO,
and, in addition, of haemoglobin and
carboxyhaemoglobin concentrations on
Kco. VA was associated with height but
not with age. The 5th and 95th centiles for
TLCO and Kco in men and women were
between 78% and 82% and between 120%
and 127%, respectively, of predicted
values when age and height were taken
into account.
Conclusion Reference equations and
normal values for transfer test variables
in a large healthy population of never
smokers are described in relation to age,
height, and haemoglobin concentrations.
To our knowledge, this is the first report of
an association between carboxyhaemo-
globin concentrations and Kco in a
population of never smoking men and
women.

Single breath carbon monoxide transfer factor
(TLCO) is a simple, non-invasive measure of
gas exchange that has been used routinely in
clinical respiratory laboratories for more than
35 years.' Low values may suggest emphysema2
or fibrosing alveolitis,3 whereas high values
occur in polycythaemia4 and pulmonary
haemorrhage.'

The test, in which an inert tracer gas such as
helium is used, also yields a measurement of
alveolar volume (VA). TLCO may also be
expressed per litre of lung volume (Kco).
Measured values are usually assessed in rela-
tion to predicted values from equations that
take height and age into account. Such data
for healthy non-smokers are available but
limited."'2 The methods of selection and the
size and characteristics of the populations
assessed have varied among studies, as have
details of test methodology. Guidelines for
measurements of TLCO have been published
by the Working Party of the European
Community for Coal and Steel'3 and the
American Thoracic Society.'4 15
The present study of TLCO in never smokers

without occupational exposure to asbestos or
quartz and without respiratory symptoms fol-
lowed the guidelines of the working party with
some minor deviations. The survey investi-
gated the acceptability of TLCO measurement
in a general population, the precision of the
TLCO variables measured, and the relation
between transfer test variables and age, height,
haemoglobin concentration, and percentage
of carboxyhaemoglobin in never smoking,
asymptomatic adults randomly selected from
the general population of the south western
coast of Norway. Reference equations and
lower limits of normal values were derived for
both sexes, and regression equations were
compared with other prediction equations.

Methods
POPULATION STUDIED
A standardised questionnaire was sent to 4992
people randomly selected from the 267 304
inhabitants aged 15-70 years in the county of
Hordaland in September to December 1985.
The county is on the south western coast of
Norway and consists of 34 municipalities.
Bergen is the only urban municipality in the
county, and contains almost halfofthe county's
population. The questionnaire was a modified
Norwegian language version of a British
Medical Research Council questionnaire and
included information on respiratory disorders,
smoking habits, and occupational exposure to
asbestos and quartz. In all, 4469 people (90%)
responded.
Respondents living in Bergen or in one of 11

surrounding municipalities (n = 3370) were
divided into groups based on the information
obtained from the questionnaire. The
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"healthy" stratum included 737 people who
had never smoked, had never been occupation-
ally exposed to asbestos or quartz, and had
neither a history of asthma or emphysema nor

respiratory symptoms (that is, cough in the
morning, phlegm, chest illnesses of three
weeks' duration or more during the past two
years, more breathlessness than subjects of the
same age walking uphill, and occasional wheez-
ing). Of these 737 subjects, 663 (90%) were

randomly selected and invited to attend the
chest clinic at the Department of Thoracic
Medicine, University of Bergen. Altogether,
540 subjects (81% of those invited) attended
the examination. The survey started in April
1987 and ended in August 1988.

TLCO MEASUREMENTS
The Gould 2100 automated system (Sensor-
Medics BV, Bilthoven, Netherlands) consisted
oftwo mass flow anemometers, a demand valve
connected to a tank of test gas, and a solenoid
valve connected to a 0-75 1 alveolar sampling
bag. The separated heated wire anemometers
were used to measure inspiratory and expira-
tory volumes; the performance of these ins-
truments was judged as acceptable in dynamic
waveform testing.'6 Gas analyses were perfor-
med with a carbon monoxide electrochemical
analyser (National Draeger, Pittsburgh,
Pennsylvania, United States) and a thermal
conductivity helium analyser (Gow-Mac,
Madison, New Jersey, United States). The
system, including valves and measurements of
breath holding time, is controlled by a

microprocessor (Gould IPS OBO1-OH).
The breath holding time was preset to 10

seconds and the washout volume to 0 75 1. The
sample bag (0-75 1) shuts off at a pressure of
13 cm H20. The dead space of the sample bag
was 6-25 ml. A chemical absorber was used for
carbon monoxide (Soda-sorb, Dewey and
Almy, Lexington, Massachusetts, United
States) and for water vapour calcium sulphate
(Drierte, WA Hammond Company, Xenia,
Ohio, United States). The 10 test gas bottles
used during the survey contained carbon mon-
oxide at concentrations varying from 0-286%
to 0-301%, helium concentrations from 9-8%
to 10-3%, oxygen concentrations from 20-9%
to 21-9%, and a balance of nitrogen.

Before the test was performed each subject
was instructed in all the required manoeuvres.

Points that were emphasised included the
importance of giving a sign when at maximal
exhalation (residual volume), inhaling the test
gas rapidly to vital capacity, continuing to hold
the breath (assisted by the valve system) for 10
seconds, and exhaling a volume of at least 2-0 1
rapidly. Two satisfactory tests were carried out
with at least four minutes between the two
tests.
The helium and carbon monoxide analysers

were calibrated with room air and the diffusion
test gas. Gas concentration values were allowed
to deviate by only + 0 1% between meters. The
spirometer was calibrated automatically with a

2-1 1 motor driven syringe before each examin-
ation. The volume calibration was verified each
day with a 3 1 Gould Model M-20 calibrating

syringe, with emptying times varying from
0 5 s to 6 s. Furthermore, TLCO, Kco, VA, and
inspiratory vital capacity (IVC) were measured
randomly in one of two people of the survey
team on each day of the study to ensure that the
system gave repeatable results and that the
instrument did not drift during the 235
examination days of the survey. Observations
made during the first 18 days were excluded
when a leak was discovered in the sample bag.
The test was performed with the subject in

a sitting position and breathing normally
through the mouthpiece. The screen displayed
a dashed vertical time indicator and a dotted
horizontal line at 0 95 of the subject's largest
stored forced vital capacity (FVC).'7 In each
trial the laboratory technician tried to obtain an
IVC for each subject of at least 0-95 of the
maximum FVC (maxFVC). When the breath
holding time marked on the screen was
achieved the subject was instructed to exhale
rapidly. Trials with slow inspiration, cough, or
Valsalva manoeuvres, and stepwise or hesitat-
ing expiration were excluded. The contents of
the sample bag were pumped automatically
through the helium and carbon monoxide
analyser. The water absorber preceded the
carbon dioxide absorber in the gas flow. The
breath holding time was measured by the
method of Jones and Meade,'8 which includes
0-5 of the sample collection time minus 0 3 of
the inspiration time. The basic formula recom-
mended by the American Thoracic Society'4
was applied to the calculation of TLCO. VA was
calculated by converting the inspired volume
from ATPD to BTPS, adjusting the inspired
helium concentration for the dead space of the
breathing valve (0O085 1), and adjusting the
expired alveolar helium concentration by 5%
by scrubbing an estimated 4% carbon dioxide
from the alveolar gas sample before helium
analysis and an estimated net 1% over-reading
compensation due to secondary effects such as
respiratory quotient and background oxygen
concentration. One trained laboratory tech-
nician did 93% of the transfer factor tests.

Spirometric testing was performed before
the transfer test as outlined by the American
Thoracic Society;'7 for this analysis the largest
of at least three FVC values was selected. A
venous blood sample was drawn before the
transfer test for determination of total
haemoglobin and carboxyhaemoglobin con-
centrations (OSM3 Hemoximeter, Radio-
meter, Copenhagen, Denmark). Analyses with
this instrument are based on measurements of
the transmission of light through the sample at
six wavelengths.
Each subject's height was measured in stock-

ing feet to the nearest centimetre. Weight was
measured without shoes and with trousers with
empty pockets. The temperature in the exam-
ination room varied between 20°C and 27°C
(220G-230C in 90%/ of instances). The
barometric pressure varied between 722
mm Hg and 777 mm Hg, with a mean (SD)
value of 753 (10) mm Hg. Altogether, 98% of
the tests were performed between 9 am and
2 pm. All measurements were taken in a
laboratory located 30 m above sea level. Never

168

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.47.3.167 on 1 M

arch 1992. D
ow

nloaded from
 

http://thorax.bmj.com/


Single breath transferfactorfor carbon monoxide in an asymptomatic population of never smokers

Table 1 Physical characteristics and transfer factor test variables in 304 asymptomatic
never smokers* aged 18-73 years living in Bergen, Norway, or 11 surrounding
municipalities, 1987-88. Figures are mean (SD) values

Men (n= 119) Women (n= 185)

Age (years) 37-3 (14-9) 45-7 (16-1)
Height (m) 1-792 (0-066) 1-644 (0-060)
Weight (kg) 78-26 (10-48) 65-24 (10-84)
Haemoglobin (g/dl) 15-4 (0-97) 13-7 (0-92)
Carboxyhaemoglobin (%) 1-06 (0-27) 0-97 (0-29)
maxFVC (1) 5-377 (0-82) 3-595 (064)
Mean TLCO (mmol/min/kPa) 11-655 (1-98) 8062 (1-50)
Mean VA (1, BTPS) 7-547 (1-02) 5-477 (0-68)
Mean Kco (mmol/min/kPa/1) 1-552 (0-21) 1-478 (0-24)
Mean IVC (I BTPS) 5-252 (0 77) 3-523 (0 63)

*IVC/maxFVC > 0 9 in two tests.
FVC-forced vital capacity; TLCo-carbon monoxide transfer factor; VA-alveolar
volume; Kco-transfer coefficient; IVC-inspiratory vital capacity.

smokers were defined as subjects who stated on
questionnaires both in 1985 and in 1987-8 that
they had never smoked daily.

STATISTICS
Calculations for descriptive statistics and least
square estimates for linear regression models
were performed with the Statistical Analysis
System."9 The measurement error was
estimated by computing the average standard
deviation of the difference between the two
recorded measurements of the variable and
dividing this value by >/i.

Results
The daily quality control test of the spirometer
with the 3 1 syringe yielded a range of
expiratory volume readings of +2% of the
syringe volume and of inspiratory volume
readings of +3-5% during the 235 test days.
No drift in the instrument was observed during
the survey. The coefficients of variation (SD
divided by the mean volume multiplied by 100)
for TLCO, Kco, VA, and IVC were 5 7%, 7 5%,
7 2%, and 8 3%, respectively, for one member
of the survey team on repeated measurements
during 130 examination days and 7A4%, 6-1%,
4-3%, and 9 5%, respectively, for another team
member during 87 examination days.
When the 540 subjects attending the clinic in

Table 2 Measurement error of transfer test variables by sex, age, and height in
asymptomatic, never smoking men and women* aged 18-73 years living in Bergen,
Norway, or 11 surrounding municipalities, 1987-88

No of TLCO Kco VA
subjects (mmol/min/kPa) (mmnol/min/kPa/l) (1)

Sex:
Female 185 0-35 0-059 0-132
Male 119 0-57 0-070 0-177

Age (years):
18-34 105 0-47 0-065 0-130
35-54 113 0-46 0-061 0-175
55-73 86 0 39 0-062 0-143

Height (m):
< 1-64 90 0-30 0-055 0-139
1-65-174 119 0-44 0-070 0-134
, 1-75 95 0-56 0-064 0-181

Total 304 0-45 0-064 0-151

*IVC/maxFVC > 0-9 in both trials.
Abbreviations as in table 1.

1987-8 were again questioned regarding their
smoking habits it was found that 16 subjects
had taken up smoking and that 14 had been
smokers at the time of the 1985 postal survey
but had since stopped smoking. On clinical
examination by a physician five subjects had
clinical signs of chronic obstructive lung
disease and two had mucus hypersecretion
(chronic bronchitis). Fifteen subjects had a
disease that may affect pulmonary function
(pulmonary infiltrate (one), upper airway dis-
ease (three), heart failure (three), and other
disease including muscular and skeletal
abnormalities (eight)). Eight subjects were not
willing and two were not able to do at least
two TLCO measurements. Thirty subjects
examined in the first 18 days used an alveolar
sample bag with a leak, and the data for these
subjects were excluded from the survey. Thus
448 subjects had two TLco recordings. Of
these, 304 subjects completed two transfer
factor tests with an IVC of >09 maxFVC
(reference population), 76 subjects completed
one transfer factor test with an IVC of > 0 9
maxFVC, and 68 subjects completed two
transfer factor tests with IVC of <0 9 max-
FVC.
Table 1 gives the mean (SD) values for

demographic variables, blood haemoglobin
and carboxyhaemoglobin concentrations, max-
FVC, and the transfer factor variables in the
reference population of 119 men and 185
women. For each subject the average of the two
measurements of the transfer factor variables is
given. The men were an average of eight years
younger than the women; all other values were
higher for men than for women. The average
IVC/FVC ratio was 0-98 for both -men and
women.
A measure of variability, measurement error

defined as the standard deviation of the dif-
ference divided by /'2 (table 2) did not differ
significantly for men and women and did not
change with age; there was a trend for TLCO to
increase with height. The measurement errors
of values expressed as a percentage of the
common mean for TLCO, Kco, and VA, respec-
tively, were 4-3%, 4 0%, and 2-4% for women
and 4-9%, 4.5%°, and 2-3% for men. The
average within subject differences between the
highest value and the mean value for TLCO, VA,
and Kco, respectively, were 0-18 mmol/min/
kPa, 0-065 1, and 0-031 mmol/min/kPa/l for
women and 0-31 mmol/min/kPa, 0-097 1, and
0-035 mmol/min/kPa/l for men.
The figure shows the distribution of TLCO,

Kco, and VA by age for men and women. TLCO
and Kco decreased with increasing age. For
men and women there was a strong relation
between TLco and both height and age (table
3), and the regression coefficients for these
variables explained about 48% of the variance.
The analyses for Kco showed that age was a
significant regression coefficient in both gen-
ders, while height was significant only in men.
The proportion ofvariance explained by height
and age, used in the regression equation for
TLco and Kco, did not differ between men and
women. VA was dependent on height in both
sexes (more strongly in men) but did not
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Distribution of carbon
monoxide transferfactor
(TLco), transfer
coefficient (Kco), and
alveolar volume (VA) by
age (years) in never
smoking men and women.

Men Women
TLCO (mmol/min/kPa)
19- 19.

7
7

1 0 30 70
1 30 s0 70

women. Haemoglobin and carboxyhaemo-
globin concentration were of borderline sig-
nificance for TLCO in women but not significant
in men. A multiple regression analysis of Kco
with height, age, haemoglobin and carboxy-
haemoglobin concentrations, and gender as

covariates did not yield a significant coefficient
for gender (p = 0 84).

30 SO

decrease significantly with age. No associations
between transfer test variables and weight were
observed.
The distribution of TLCO, Kco, and VA

expressed as a percentage of predicted values
was close to Gaussian by using these regression
coefficients. The five percentile values were 79,
78, and 86 in men and 82,81, and 84 in women,
respectively. The 95th percentile values were

124, 127, and 1 18 in men and 124, 120, and 118,
respectively, in women.
Haemoglobin and carboxyhaemoglobin con-

centrations were included in a multiple regres-
sion analysis of TLco and Kco in addition to
height and age (table 4). The two new indepen-
dent variables had a significant effect on predic-
tion of Kco and increased the variance by 7%-
8% above that explained by age and height.
Haemoglobin accounted for about 3% and
carboxyhaemoglobin for an additional 4%. In
never smokers Kco decreased by 13% in
women and by 11% in men per 1% increase in
carboxyhaemoglobin concentration. (Among
37 asymptomatic smokers Kco decreased by
about 2%, p = 0-37.) The residual standard
error for an estimate of Kco was 0-18 mmol/
min/kPa/l in men and 0-20 mmol/min/kPa/l in

Discussion
The subjects examined in this survey should be
representative of the asymptomatic never

smoking general population of the south-wes-
tern coast ofNorway. The response rates in the
two phases of the survey were 90%, and 82%,
respectively, and neither the non-respondents
in the first phase nor the non-attenders in the
second phase differed from the respondents and
the attenders, respectively, with respect to
demographic variables or work/insurance his-
tory. As the population of Iceland, Denmark,
Sweden, and Norway is homogeneous in terms
of ethnic origin, environmental factors, and
lifestyle our observations should be represen-
tative for the population ofnorth-west Europe.
The survey was planned and the fieldwork

started before the recommendations of the
American Thoracic Society on TLCO
measurements were published in 1987.'415 Our
measurements deviated from these recommen-
dations in that we did not require agreement of
two TLCO measurements within 10% or 3 ml,
VA corrected for anatomic dead space, or

exclusion of subjects with breath holding
time outside nine and 11 seconds. The
reproducibility of variables from transfer tests
applied under field conditions has not been
reported for population surveys,1-2 even iftwo
measurements were available. The coefficient of
variation observed in the present survey is,
however, comparable with what has been
observed under laboratory conditions.8 3

About 10% of the women and 15% of the men
in our population had two TLCO measurements
that differed by more than 10%. The inspired
volume of the test gas was reduced by the dead
space ofthe apparatus but not by the additional
150 ml of anatomic dead space recommended
by the American Thoracic Society. This
additional 150 ml would reduce the inspired
volume to the alveolar space by 3% in men and
4% in women of our survey population. In
none ofthe previous population surveys has the

Table 3 Multiple regressions ofmean transfer test variables on age and height by sex in asymptomatic never smokers aged 18-73 years living on the
south western coast ofNorway, 1987-88

Regression coefficients Residual
standard Multiple

Constant Height (m) p Value Age (years) p Value error R

Women
TLCO (mmol/min/kPa) -4-93 9 11 <0 001 -0-043 <0 001 1.09 0 479
Kco (mmol/min/kPa/l (BTPS) 2 09 -0-17 0-56 -0-008 <0 001 0 21 0 242
VA (1, BTPS) -6 650 7 376 <0 001 0-55 0 412

Men
TLCO (mmol/min/kPa) -8 05 12 17 <0-001 -0-057 <0-001 1-44 0-476
Kco (mmol/min/kPa/l (BTPS) 3-04 -0-67 <0-05 -0-008 <0-001 0-18 0 245
VA (1, BTPS) -12 31 11 078 0-001 0 70 0 519

Abbreviations as in table 1.
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Table 4 Multiple regression of TLCO and Kco on height, age, and haemoglobin and carboxyhaemoglobin concentrations in asymptomatic never
smokers aged 18-73 years living in south western coast ofNorway, 1987-88

Men (n = 119) Women (n = 185)

TLco(mmol/min/kPa) Kco(mmol/min/kPa/l) TLco(mmol/min/kPa) Kco(mmol/min/kPa/l)

p Value p Value p Value p Value

Intercept -10-92 <005 2-66 <0001 -7-81 <0-01 1-35 <0-01
Height (m) 12-33 <0-001 -0-71 <0-01 9-41 <0-001 -0-05 0-86
Age (years) -0-056 <0-001 -0-008 <0 001 -0 047 <0-001 -0 008 <0-001
Haemoglobin (g/dl) 0-185 0-19 0-041 <0-05 0-223 0 05 0-057 <0-001
Carboxyhaemoglobin
(%) -0-273 0-59 -0-167 <0-01 -0-534 0-05 -0-193 <0 001

anatomic dead space been deducted from the
inspired volume.""'2 Our experience is that use
of the above criteria for an acceptable test will
give few tests with results with breath holding.
times outside nine and 11 seconds. The percen-

tage of subjects or tests excluded because of an
inability to have a breath holding time within
nine-and 11 seconds has not been reported.'4
The 304 subjects used to develop the present

prediction model had an IVC/FVC ratio > 0-9
in both tests. The 76 subjects with only one

IVC/FVC >0 9 had a mean (SD) TLCO and
Kco of 102% (13%) and 104% (14%) of
predicted from the present model, respectively;
and the 68 subjects with both IVC/FVC < 0 9
had a mean (SD) TLCO and Kco of97% (11%)
and 101% (12%) of the predicted values,
respectively. The rigid criterion of IVC/FVC
> 0 9 does not seem to be critical if the other
criterion are achieved for an acceptable test.
Our findings are a confirmation of observations
made by Knudson et al in 463 asymptomatic
never smokers.'2
TLCO and Kco in the present population

showed little decline before the middle of the
fourth decade oflife (figure). The age regression
was in crude agreement with what has been
previously observed in selected samples of
non-smoking men in Belgium7 and Finland8
and of non-smoking women in Finland.8 The
sex specific age regression coefficients of TLCO
and Kco vary twofold (table 5) among the three
previous reported population surveys and the
present survey of non-smokers.""'2 The
negative age regression is largest in the model
from Tucson, Arizona'2; this may be the case

partly because the model used included only
men > 25 years old and women > 20 years old
while the three other models of multiple linear
regression included subjects > 18 years of age.
The age regression for Kco was higher in men
than in women except in the Norwegian
survey, where no difference was found between
genders. In the Norwegian population ofnever
smokers the age decline of height standardised
FEV, was the same in men and women.

In the three populations previously sur-
veyedl'" and in the present population the
height regression for TLCO was always greater
in men than in women, but the sex specific
coefficient varied twofold to threefold among
the surveys (table 5). The height coefficient for
Kco was negative in all surveys but not sig-
nificantly different from null for men in Italy
and for women in Norway. The European
summary equation did not include height for
prediction of Kco.'3
The population surveys show that the height

regression coefficient for VA is higher in men
than in women, probably because of anthro-
pometric differences between the genders.
Among the previous population surveys, the
regression coefficient on height in the models
varied by 45% in men and 29% in women,

being largest for the Norwegian population.
Age was not significant in any survey.
The method of Crapo and Gardner was

applied to compare the results of the transfer
test in our 304 reference subjects with results
predicted from models developed for the
populations of Helsinki, Finland8; Po, Italy";
the European community"; the state of

Table 5 Regression coefficients of transfer test variables on age and height in previous community studies of never smokers and in European
Communityfor Coal and Steel summary equations

TLCO (mmol/min/kPa) Kco (mmol/min/kPa/l) VA (1)

Height (m) Age (years) Height (m) Age (years) Height (m) Age (years)

Men:
Michigan, USA" 5-51 -0-077 -0-75 -0-010 7-60
Po, Italy" 14-76 -0-065 -0-04 -0-023 9-90 -0-018
Tucson, USA"2 11-89 -0-092 -0-79 -0-042 8 84
European Community for

Coal and Steel" 11-11 -0-066 -0-011
Present study 12-17 -0-057 -0-67 -0-008 11-08

Women:
Michigan, USA'" 5-36 -0-037 -0-61 -0-005 6-46
Po, Italy" 15-69 -0-068 -0-84 -0-017 5-73 -0-005
Tucson, USA'2 6-27 -0-048 -0-93 -0-025 7-10
European Community for

Coal and Steel'3 8-18 -0-049 -0-004
Present study 9-11 -0-043 -0-17 -0-008 7-38
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Michigan'"; and Tucson, Arizona.'2 The mean
of the residuals for TLCO values obtained with
the models from Helsinki, Michigan, and the
European community was <0-67 mmol/min/
kPa, which was the limit set by Crapo and
Gardner2' of reference regression equations
that could be applied in our population. The
observations in our asymptomatic never
smokers are mostly in agreement with what was
predicted from the model of the reference
population of Michigan. The predicted values
from the models from Po and Tucson, how-
ever, were considerably higher, probably
because of methodological differences. The
breath holding time measured by the method
of the Epidemiology Standardisation Project22
was applied in these two surveys and gave a
TLCO value 7% larger2" than that found by the
method of Jones and Meade.'8 Furthermore,
the dead space of the instrument was not
deducted from the inspiratory volume in the
two latter studies. The use of the largest TLCO
value, as in the study by Paoletti et al," instead
of the average of two values would in the
present study give a 2% higher result.
The values for alveolar volume adjusted

TLCO (Kco) in the Norwegian population were
about 4% lower in women and 6% lower in
men than those observed in the population of
Michigan'0 and were considerably lower than
those observed in studies in Italy and Arizona.
The subjects of both genders in the present
study were about 5 cm taller than the adult
population of Michigan and almost 8 cm taller
than the adult Italian population. Tall subjects
may have lower Kco values than shorter
subjects because of poorer perfusion in the
apex of the lungs in the erect position. A
decrease in Kco with growth and increasing
height has been shown in children and adoles-
cents. ' Our observations should be confirmed
in other populations with the same height as the
present population. While mean TLCO, Kco,
and VA values differed considerably by the
various linear prediction models, only minor
differences were observed in the SD ofresiduals
(observed-predicted).

In patients who have anaemia or polycyth-
emia, or who receive a blood transfusion but
have healthy lungs, TLCO changes by about 7%
with a change in haemoglobin concentration of
1 g/dl.2' In the population study in Arizona
packed cell volume was measured in 71% of
228 healthy reference subjects.'2 The investi-
gators found a significant increase ofTLco and
Kco of approximately 1-7% per percentage
increase in packed cell volume in women only.
In our survey all reference subjects except
one man had haemoglobin concentration
measured. The observed range (maximum -
minimum) of haemoglobin concentrations was
66 g/l in men and 61 g/l in women. Values for
TLCO in women and for Kco in both women
and men increased by approximately 2% per
10 g/l for this range of haemoglobin concen-
tration.
Carboxyhaemoglobin concentration was

measured in all subjects except one man (table
1), and the range of values was up to 1-4% in
women and 1-6% in men. These concentra-

tions, as well as the gender related differences
in concentration among never smokers in
Norway, are in agreement with previous
observations in a large population of non-
smoking blood donors in St Louis, Missouri.26
The variation among subjects may be due to
differences in concentration of carbon mon-
oxide in the inspired air, endogenous carbon
monoxide production, and exercise level. A
multiple linear regression which included
height, age, and haemoglobin concentration
showed that the decrease in TLCO with increas-
ing carboxyhaemoglobin concentration was of
borderline significance in women and was not
significant in men (table 4). The regression
coefficient, however, reflected a magnitude of
3% decrease in TLCO per 1% change in car-
boxyhaemoglobin concentration. This de-
crease is more than that observed in experi-
mental studies, where small amounts of carbon
monoxide were added in four subjects7 or in 10
subjects when repeated transfer tests were done
which caused an increasing carboxyhaemo-
globin concentration.27 Leech et al found that
the magnitude of the back pressure in 177
non-smoking subjects reduced the TLco by
approximately 0-6% of the baseline value for a
1% increase in carboxyhaemoglobin concen-
tration.2' Several approximations were used
for this estimation, as the concentration was
calculated from the oxygen rebreathing pro-
cedure.28
Carboxyhaemoglobin concentration ex-

plains a much larger fraction of the Kco
variation than of the TLCO variation. The
reduction in Kco is due to two effects of
carboxyhaemoglobin. The first is a reduction of
the carbon monoxide driving pressure across
the alveolar membrane because of the carbon
monoxide back pressure in the lung capillaries.
The second is the reduction of available hae-
moglobin binding sites. Our findings indicate
that Kco is more sensitive to changes in
carboxyhaemoglobin concentration in never
smokers than in smokers. This finding, taken
with the existing data in the published work on
asymptomatic smokers with higher baseline
carboxyhaemoglobin concentration indicate
that its effect on Kco is non-linear from 0 5%
to approximately 5 0%. Its effects on Kco
have not, to our knowledge, been reported
previously among never smokers and should be
examined in other populations.

In summary, the reference equations and
normal limits for the transfer test variables
described were derived from a healthy never
smoking segment of a randomly selected
population on the south-western coast of
Norway. The measurement of haemoglobin
and carboxyhaemoglobin concentrations is
important for interpretation of both individual
and group estimates of Kco and should be
performed whenever possible.
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