
transfer factor on exercise: age and sex differences 

A.H. Kendrick, G. Laszlo 

on exercise: age and sex differences. AH. Ken.drick, G. Respiratory Dept. Bristol Royallnfumary, Bristol BS2 
8HW, UK. 

/fbe effects of age and sex o1: the single· breath transfer fa ctor 
during exercise have been Investigated In 80 normal 
divided equaUy Into ruur groups: 1) 2~29 yrs; 2) 30-39 

Correspondence: A.H. Kendrick, Respiratory Dept, 
Bristol Royal Infinnary, Bristol BS2 8HW, UK. 

yrs and 4) S0-59 yrs. Oxygen consumptlon (Vo1), cardl.ac 
T LCO and transfer coerrldent (Kco) were estimated at rest 
lncremenL~ up to lOO W In wnmen and ISO W In men. 
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:-rii'~Uon eq uations were obtained for the relutlonshlps of TLCO 
11nd workload (WL). Tt.co and Kco at any WL, Vo 

•••·--v· In group 1 and least ln grouP. 4. The rate or decline ol 
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men and women lit /·mln·1 Vo1 wu 0.063 and 0.031 
r ·1 and 0.006 and 0.007 mmol ·mln"1·kPa·1· / "1•yr·•, 
each sex the curvlllnearlly or the relationships was 

or oge. At any WL, TLCO was greater In men than In 
was greater In women than In men. Sex differences 

by correcting TLco and Kco for anthropometric lndl· 
tha t ace and sex have slf:nlflcant effects on T1.co and 

factor (diffusing capacity) for carbon monox· 
Jl'ilriCrt~SI~S during physical exercise in normal 
•wx.wut~.;:.:; of the method of measurement. It 

been suggested that fuo measured during 
provide a more subtle index of gas ex

than when measured at rest [1, 2]. 
age on TLco on exercise are unclear. 

mntnvon .. steady-state techniques have found an 
in 1'LCo on exercise in men [3, 4], 

conflicting results have been found [5, 
single breath technique we have previously 
absence of an age effect in a series of 24 

yrs [7]. 
between men and women for Tu:o on 

shown that in young trained and untrained 
rel<;~tionships of steady-state fuo to oxygen 

lo 
(V?2) and to cardiac frequency (fc) were 

wer m women than men (8, 9]. HANsoN and 
[S] reported similar results, but by correcting 
body surface area (BSA) abolished the sex dif
NilVIUJl et al. [10], using a single-breath tech

that the transfer coefficient (Kco) was 
Wom_en at a given workload (WL) and Vo

1
, but 

no dJfference for the relationship of Kco to fc. 
of this study was to determine whether 
. by the single-breath technique in male 

subJects aged 20-60 yrs is affected by age 

Methods 

Healthy subjecL<; were recruited from amongst univer
sity staff and students, hospital pcrsonne~ their friends 
and relatives. The study was approved by Bristol and 
Weston Health Authority Ethics Committee. AU subjects 
gave infonncd verbal consent. They were selected to 
achieve an even distribution within each age decade for 
both sexes. No other criteria were used, apart from a 
willingness to participate. No remuneration was offered. 
SubjecLS were assigned_ into one of four groups- Group 
1: 20-29 yrs, Group 2: 30-39 yrs. Group 3: 40-49 yrs 
and Group 4: 50-59 yrs. No subject had any known 
cardio-respiratory disease. Values of one second forced 
expiratory volume (FEV1) and vital capaciry (VC) were 
all within 0±1.64 so of their predicted value (ll]. 
Standing height and body mass were measured with the 
subject wearing light clothing and in stockinged feet. 
Indices of BSA [12], body mass index [13] and mass/ 
height (13. 141 ratio were calculated. 

The exercise procedure used was that of Nsvtu.E et al. 
[101. using 6 s of breath-holojng and employing a test 
gas mixture of 0.30% carbon monoxide, 14% argon in 
air. Subjects were seated on a cyclocrgomcLCr (Lode) 
and breathed via a mour.hpiece attached to a modified, 
low resistence valve box (Transfer Test, P.K. Morgan 
Ltd). Resting measurements of Vo

2 
al'ld fc were made 

following a period of 5 min quiet breathing. TLCO and 
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Kco were then measured. Subjects then cycled for 3 min 
at each workload, continued to cycle and performed the 
breath-hold test. A 5 m in rest period followed before. the 
next level of exercise. Measurements of TLCo, Kco, Vo1 , 

VE and fc were mad.e at increasing increments of 25 W 
up to 100 W ·in women and 150 W in men. 

Expired air was used to n ush Tissot deadspace before 
collection during the last minute of the exercise period 
and was analysed for the mixed expired concentrations 
of 0

1 
and C0

2 
using a mass spectrometer (V.G. Gas 

Analysis). 
Single-breath TLco was measured according to 0GILVIE 

et al. (15] , using the stimultaneously estimated alveolar 
volume (VA) [16) determined by argon dilution. CO was 
analysed using an infrared analyser. Kco was calculated 
as Tu:oN A (BTPS) [11]. All measurements were stan
dardized to a haemoglobin of 14.6 gm·dl·' [17) and to an 
alveolar partial pressure of oxygen (PaoJ of 16.0 kPa 
[18]. No correction was made for carbon monoxide back 
tension as this has been found to be unnecessary [7]. 

The cardiac frequency was calculated from the 
average of 10 R-R intervals recorde~ on a single ECG 
lead prior to the breath-hold test. Vo1 was calculated 
according to COTEs H9). 

The data were analysed using the Minltab statistical 
package [20]. For each Sl}bject, the values of TL.CO and 
Kco were plotted against Vo2, workload (WL) and fc and 
the relationships anaJysed using quatlratic (second order 

polynomial) regression analysis [7, 2 11. Tho 
of these relationships was determined by 
variance as applied to regression analysls 
analysis was applied to the group data for C<ich 
for the two sexes. The effects of age on u1e 
was analysed by analysis of eo-variance 
the relationships of Tu:o and Kco to y0 
between each age group. To dctennine if ~~ 
were present, quadratic regression cq 
derived for the data up to H)O W and 
eo-variance applied to each group between 
sis o( eo-variance was used to compare the 
lines between age grQup [21 ]. Coefficients 
were calculated and analysis of variance 
for each measurement of TL.CO for each su 
level of probability was accepted as signi 

Results 

Anthropometric and resting lung function 
shown in table 1. Group mean and individual 
indices were all within nonnal limits. 
and mass/height ratio were within normal 
subject [14.}. Smoking history was similar in 
women: 59 subjects had never smoked, 12 
smokers and 9 were current smokers. Current 
and ex-smokers were distributed throughout 

Table 1. - Anthropometric and resting lung function data of the subjects 

Male Female 

Group 2 3 4 2 3 

n 10 10 10 10 10 10 10 

Age yr 24 34 45 54 25 35 44 
(2~29) (31-38) (41-49) (50-58) (20-28) (31-38) (40-49) 

Height m 1.74 1.76 1.76 1.73 1.61 1.67 1.67 
(1.59- 1.80) (1.7~1.83) (1.69-1.84) (1.67-1.83) (1.52-1.68) (1.52- 1.81) (1.61-1.74) (1 

Mass kg 69.8 77.7 76.6 75.6 53.2 64.8 67.8 
(58.5-80.3) (56.&-87 .1) (71. 9-83 .7) (61.5-89.6) (47.0-59.0) (49.7-72.6) (56.7-77.2) 

BSAm 1.84 1.93 1.93 1.65 1.55 
(1.60-1.80) (1.67- 2.06) (1.82-2.04) ( 1.56- 1. 72) (1.41-1.67) 

M/H kg·m·1 40.2 44.2 43.5 43.4 33.0 38.9 40.6 
(36.8-46.4) (33.1-50.4) (40.5-47.3) (36.2:48.9) (30.7-35.9) (32.5-47.8) (35.2-46.4) (3 

BMi kg·m·• 23.1 25.2 24.8 25.0 20.5 
(21.8-26.8) (19.3-29.1) (22.0-27.5) (21 .2-26.8) (19.0-22.1) 

FEV
1

% pred 106 112 121 114 112 109 111 
(87-137) (88-138) (101-144) (97-133) (101-122) (97- 119) (105- 128) 

FVC% pred 109 110 118 Ill 113 103 106 
(87- 135) (89-125) (98-144) (96-129) (l03-124) (96-110) (97-114) 

Data given as mean (range); BSA: body surface area; M/H: mass/height ratio; BMi: body mass index; FEV1: I s~ond 
expiratory volume expressed as percentage of predicted; FVC: forced vilal capacity expressed as percentage ol 
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of: a) 1111nsfer factor and b) 1111nsfer coefficient to woridoad in men and women for the four age groups. Curves arc the 
line~ with the mean and sUUldard deviation of the index at each woridoad shown. 

Table 2. - Regression equations for the relationships of transfer factor 
(TLco) and transfer coefficient (Kco) to workload in men and women for 
each age group 

Index Sex Group Constant Workload W Workload W1 so r 

Tt..co M 1 13.5 +0.0217 -0.00001 0.92 0.58 
2 12.0 +0.014 +0.00001 0.83 0.68 
3 11.3 +0.023 -0.00005 0.98 0.58 
4 11.0 +0.017 +0.00001 0.92 0.47 

F 1 10.3 +0.029 -0.00007 1.23 0.46 
2 9.7 +0.015 -0.00001 1.14 0.42 
3 9.55 +0.025 -0.00012 0.99 0.44 
4 9.15 +0.017 -0.00005 0.91 0.37 

Kco M 1 2.00 +0.0035 -0.00001 0.12 0.77 
2 1.91 +0.002 +0.00001 0.09 0.83 
3 1.85 +0.003 -0.000005 0.07 0.89 
4 1.81 +0.002 +0.00001 0.08 0.79 

F I 2.07 +0.005 -0.00001 0.15 0.67 
2 2.04 +0.0027 +0.00001 0.13 0.62 
3 2.01 +0.0028 -0.00005 0.11 0.43 
4 1.95 +0.0028 -0.00001 0.14 0.52 

M: male; F: female; so: standard deviation; r: correlation coefficient. 
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Table 3. - Regression equations for transfer factor and 
transfer coefficient at fmin·• oxygen uptake and a car-
diac frequency of 100 beats·min·• with respect to age 

Index Sex Constant Age SD 

Tu:o,.o M 15.8 -0.063 1.14 
p 11.7 -0.031 1.36 

Tu:o100 M 15.5 -0.120 1.27 
F 12.2 -0.070 1.32 

Kco
1
_
0 M 2.30 -0.0058 0.08 

F 2.42 -0.0062 0.16 
Kco

100 M 2.32 -0.0089 0.09 
F 2.41 -0.0095 0.12 

Tu:o1•0• Kco1_0: transfer factor and transfer coefficient at an 
oxygen conswnption of I l·min·1; TLCo

100
, Kco

100
: transfer factor 

and transfer coefficient at a cardiac frequency of 100 
beats·min·1• For other abbreviations see legend to table 2. 

decades. None had ever smoked more than 20 cigarettes 
per day. 

All subjects completed the exercise test without 
difficulty. The coefficient of variation for each subject 
for the alveolar volume (VA) obtained during the 
exercise lest ranged from 1.6-7.1% (mean 4.36%). There 
was no significant reduction in V A with increasing levels 
of work. 

In all subjects, th~ within-individual relationships of 
TLco and Kco to Vo1 , fc and work load (WL) gave 
significant (p<0.05) quadratic relationships. The relation
ships of Tt.co and Kco 10 WL for each age group and sex 
are shown in figure I. Regression equations arc given in 
,,,hie 2. Similar relationships were obtained for 1\..co and 
Kco 10 Vo1 (llld fc. The within-sex relationships of Ttco 
and Kco to Vo1 , fc and WL showed a significant decline 
with age for both s~xes. The regression equations for 
TLCo and Kco at a Vo1 of I l·min 1 and at an Cc of 100 
bcats·min·• arc given in table 3 and show that the rate of 
decline of TLCO with age at this Vo and re is greater in 

th 
. 1 

men an 10 women. For Kco the rate of decline is similar 
in men and women. Analysis of eo-variance showed that 
the shaJ?C of the curvilinear relationships of TLco and 
Kco to Vo1, fc and WL was similar, for all groups, within 
each sex. 

Comparison of the data between men and women, up 
to lOO W, for each age decade showed that TLCO was 
signifi.cantly higher in men than in women at any given 
'!'L, Vo1 or fc, ~hilst the Kco was sign~ficantly higher 
tn women than 1n men at any given Vo , WL or fc 
(fig. 1). Stan~ardizing Tl.CO or Kco for body ~urface area, 
body mass tndex or mass/height ratio did not alter 
the effects of sex on any of the TLco or Kco 
relationships. 

Discussion 

It is well documented that, in adults, 1\..co and Kco at 
r~t decline with increasing age, the rate of decline being 
~tfferent bctwe~n Lhe sexes. Knowledge of this is 
tmportant when Interpreting measurements of TLCo and 

Kco, since normal reference equations for bo 
women include age coefficients to account th 
decline [11]. 

Previous studies investigating the effects 
and of sex differences [5, 8-10] hay of 
conflicting results. We have shown that 

0 

decline with increasing age (fig. 1) in 
women. Our results agree with the previous 
men and women L3, 4, 6]. The decline of 
with increasing age does not appear to alf~ 
of the curvUinear relationships within ~h 
TLCO appears to decline at a faster rate in 
women. On the other hand, there is little 
the rate of decline between men and women 

In a previous study [7] using al.rilost the 
we were unable to show a signjficant effect 
series of 24 men aged 18-50 yrs. In the 
TLco was additionally estimated at 25 
standardi1-ed to a Pao1 of 16 kPa. It is 
additional wor:kload affected the lime course 
Tu:o increases during exercise at subsequent 
After the five mio rest given between 
workloads, TLCO and hence pulmonary W~uu 11111111 
volume had returned close to baseline 
the effect on subsequent workloads is 
negligible. Our correction for Pao1 will have 
relationships of Ttco and Kco to increasing 
we did not observe an obvious age related 
the e~pired concentration of 0, in the expired 
and recalculating the results without the ~nr'I'N'IIIill 
not alter the conclusion. 

The most likely explanation is that the 
studied on this occasion was somewhat 
Previously, we used only university students 
whereas for this study we chose a larger 
representative sample of a normal population 
range of backgrounds, occupations, leisure 
fitness. On both occasions the selection 
the same: no known cardiorespirarory disease and 
resting lung function. V AN GANsE et al. (23] 
that differences between sets of reference 
probably mainly due to differences in the 
characteristics (environmental/genetic) of the 
studied rather than technical factors or 
selection. 

The known physiological changes that occur 
function with increasing age (24-26] result in a 
lung tissue and hence a reduction in the available 
area and blood volume for gas exchange. This 
for the observed reduction of about 25% in 
with increasing age. A gradual fall in the inte:rc~Pl 
regression line reflects these changes (fig. 1). 
decline in TLCO and Kco with increasing age, 
which TLCO and Kco increase with increasing 
work is essentially unchanged. Over the mnge 
cise studied, Kco rose by a factor of 1.18 and I 
oldest and youngest groups of men. For 
corresponding factors were 1.15 in oldest and 1.11 
youngest It appears that the pulmonary vascular 
declines with age only in proportion to the loss 
tmnsfcr factor. 
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conflfTTlcd the previous finding that TLco in 
in women [5, 8, 9), but have not been 

the sex differences by correcting TLco for 
BSA, body mass index or mass/height 

:N•IN'n,c.cs would be expected for TLco which 
Plen than women at rest as a result of larger 

and a slightly greater capilliary blood 
men do not have a larger diffusing mem

ty. These differences persist with 

age. . f the evidence points towards the extstence o 
but this is disputed [27]. We found a 

difference between men and women for the 
of Kco to fc, as shown previously [10]. The 

study show that, in all age groups, exer
.. _ ... _,,,., in females than in males. The reason 
1,utJCII:'...,. We have not been able to eliminate 

by standardizing TLco or Kco for BSA, 
index and mass/height ratio. No satisfactory 
ever been found which can be used to nor-

lfdemji:>IOI!tcru data in both men and women. · 
in normal healthy subjeciS, age and sex 
effects on the relationships of TLCO and 

-·....,u·o levels of exercise. The rate of increase 
Koo with increasing levels of exercise does 

to be affected by age. 
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Le coefficienJ tk transfert du CO a l'effort: differences liees a 
l'iiee et au sexe. A. Kendrick, G. Laszlo. 
R£sUME: Les effets de l'iige et du sexe sur le facteur de transfert 
en respiration unique (TLCo), estimes au cours de !'effort, ont 
e1e invcstigues chez 80 sujciS normaux (donl40 hommes) divises 
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en quaue groupes 6gaux: I) 20-29 ans, 2) 30-39 ans, 4) SG-59 
ans. La con.sommation d'oxygene (Vo1) , la fr~enc~ caniiaque 
(Cc), la TLCO et le coefficient de transfert (Kco) ont 616 eslim~ 
au rcpos et apres efforts de 25 watts jusqu' l 100 watts chet lc.s 
femmes. et jusqu' l 150 wallS chez. les hommes. Les 6qualioru 
de rc!grcssion quadratiq~ ont c!tc! obc.enues pour lc.s relatioru 
de TLCO et de Kco avec Vo fc. et la chuge de travail (WL). 
TLCO et Kco ~ n'importe quef WL, Vo

1 
ou Cc, s'av~ent les plus 

c!levc!s clans le groupe 1 et les plus bas dans le groupe 4. Le 
taux de diminution de TLCO et de Kco chez. les oonunes Cl les 
femmes l une Vo1 de ll·rnin·1, est respec;tivcmenl de 0.063 et 

de 0.031 mmol·min·'·kPa· '·an ·• et de 0 oo 
mmol·min'1·kPa'1•1 '1·an·• respectivemcnl. Au ·se: 
scxc, le caractQ-c curvilin6aire des relations s'avQ, 
que! que soil l'igc. A n'importc quet WL, TLCo est 
chcz. les hommes que chez les femmes, alors que 
c!lcv6 chez. les femmes que chcz. le.s hommcs. t..e. 
entre sexe ne sont pas nculralis6cs par la C:O~T~:Clion 
de Kco pour les indices anthropom!!triqucs. 
que l'ige cl le sexe ont des effcts significaliCs sur 
l !'effort. 
Eur Respir J., 1990, 3, 323-328. 


