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SUMMARy __________________________________________________ __ 

Cigarette smoking caused a reduction in the diffusing capacity of the lungs for carbon monoxide 
and a reduction in coefficient of diffusion of carbon monoxide. This implies that cigarette smoking 
should be considered in prediction equations. The reduction in the diffusing capacity appeared to 
be due to a change in the volume of blood in the c.pillari«. This could account (cr some of the 
reversible changes observed in ex.cigarette smokers. The membrane component changed more with 
age. Prediction fonnulas were developed for diffusing capacity for the ratio, diffusing capacity! 
alveolar volume, based on age. height, and life· time packs smoked. 

Introduction 
Previous studies by a number of investiga. 
tors have well documented the deleterious 
effect! of cigarette smoking on various as-­
peets of pulmonary function (I). Most of 
the functions studied have been the lung 
volumes or the obstructive components such 
as forced expiratory volumes or flows; in· 
creased alveolar·arterial oxygen differences 
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and altered gas distributiC'n have been de· 
scribed in one group of smokers (2). 

In a number of studies (3-12), the effect 
of cigarette smoking on diffusing capacity 
of the lungs has been studied. Most investi. 
gators have indicated that the diffusing ca· 
pacity is decreased in smokers as compared 
with nonsmokers. One group (9), however, 
believed that the difference was not signifi. 
cant because their predicted values did not 
differ markedly from the observed value, 
and another group (10) found no effect of 
c:garette smoking on the diffusing capacity. 

The diffusing capacity is composed of two 
parts: the membrane component and the 
volume of blood in the capillaries. The first 
is the resistance offered by the lung tissues, 
Le., alveolar epithelium. capillary endothe· 
lium, and interstitial spaces; the second is 
largely the rate of reaction of carbon mono 
oxide (CO) with hemoglobin and from 
which the volume of blood in the capillaries 
can be calculated. In only one of these 
studies (4) was the membrane component 
and the volume of blood in the capillaries 
examined: ·The results showed a decrease in 
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the membrane component with increase in 

cigarette smoking and no change in the vol· 
ume of blood in the capillaries. 

In 1965, Krumholz and associates (12) roo 
ported that the diffusing capacity improved 
in a group of smokers who had stopped 
smoking. This implied that there was are· 
versihle aspect of the change. The change, 
which was a small increase in diffusing ca­
pacity after three weeks of abSLinence from 
cigarette smoking. could have resu lted from 

a lowered back pressure of CO in blood. On 
the other hand, it could have been due to ,a 
change either in the membrane component 
or the volume of blood in the capillaries­
both components of the diffusing capacity. 
Because they had measured tne diffusing 
capacilY only while room air was breathed, 
they were not aele to determine whether 
Jhere had been any change in the membrane 
component or volume of blood in the capil. 
laries. Another possibility could have been 

variability of the method because after six 
weeks of presumed abstinence from smoking 
there was no difference in the diffusing ca· 
pacity as compared with that obtained when 
the subjects were smoking regularly_ 

The observations of Krumholz and co­
workers, however, are supported by those 
of Martl (5), who noted that ex·smokers 
had values for diffusing capacity similar to 
those of persons who had never smoked 
cigarettes. 

When the Berlin, New Hampshire popu· 
lation was resurveyed in J 967, the diffusing 
capacity was measured while the subjects 
breathed room air and WHile they breathed 
oxygen. Information on cigarette smoking. 
ages, and heights was also available. The 
inter-relationship of these factors and the 

diffusing capacity of the lungs is examined 
in the present paper. 

Materials and Method. 
A random subsamplc from a randomly se­
h:ctcd sample of the BcrHn. New Hampshire 
population was selected (13) . After their inter· 
view ~md simple test'; of pulmonary function, 
which required 20 minutes to 30 minutes, [he 
subjects were invited to participate in more de­
tailed 6tuctie~ one of which was the ~inglc .br(,:lth 

pulmonary diffusing capaciLy for carbon monox­
ide (DLco). This was measured first while the 
sub;ccl1 breathed a large concentration of oxy­
gen after a seven-minute washout of oxygen 
breathing 311j was followed after a five-minute 
to seven·minute rest period with another mea­
surement on room air. Thus. a minimum of 40 
minutes elapsed without cigarette smoking be­
fore any measurement was made. Only onc mea­
surement was made under each condition . Mea­
surements wcrc made in the siuing position 
wi Lh a nose clip in ,?lace. The method for mea­
suring DLco was the modification by Forster 
and associates (14) of the Krogh method (15) 
as standardized by Ogilvie and Jssociates (16) 
and used a Mark II Rcsparametcr developed by 
Meade and co-workers (17). 

Men and women werc studied, Gas mixtures 
inhaled contained 0.3 per cent CO and 14 per 
ccnt to 15 per ccnt helium in either room air or 
oxygen. The gas samples were passed throubh 
DricritelS and Ascarite6 to remove water vapor 
and carbon dioxide before analysis. Helium was 
measured by a thennal conductivity meter1 
that had been calibrated at various oxygen-ni­
trogen mixtures; CO was measured by an in­
frared gas meter, and oxygen , by a Pauling oxy· 
gen mt'ter.8 

The membrane component (D~{) ann volume 
of blood in the capillaries (Vc) werc calculated 
from the formulas of Cotes (18). 

DLair and DLo:tr represent Dtco observed while 
breathing air and. oxygen, respectively: Po., ,_ 

.. OAr 

and P02:tir arc the PA02 during breathing of oxy· 
gen and air, respectively; Hgb% is the concen­
tration of hemoglobin in per cent of normal; and 
\102 is the oxygen consumption, The fol1owing 
assumptions were made: Hemoglobin was as­
sumed to be 100 per cent in men and 90 per cent 
in women; a 10 per cent error (decrcase) in this 
estimate producC3 an 11 per cent error (in-

G \V. A. Hammond Dricrite Co., Xenia. Ohio. 
S A.H. Thomas Co.. Philadelphia, Pennsyl· 

vania. 
'7 Cambridge Instrument Co., New YorK, New 

York. 
8 Beckman Instruments, Mountainside. New 

Jersey. 
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TABLE 1 

MEAN FORCED VITAL CAPACITY (FVC), FORCED EXPIRATORY VOLUME IN ONE 
SECOND (FEV,), PEAK E~PIRATORY FLOW (PEF!. AND HEIGHT OF 142 

SUBJECTS IN A SUBSAMPLE, BERLIN, NEW HAMPSHIRE, 1967 

Mon (70) 

Ago FVC FEV, PEF Height 
(years) (firer) (Ii,er) (/iter/min) (m) 

<45 4.38 3.48 540.9 , .72 

>45 3.44 2.64 449. 0 1,69 

crease) in Ve. Oxygen consumption in mcn was 
takcn to be 300 ml per min and in women, 250 
rni per min. A 50·ml error in this estimate pro­
duces a one per cent error in DM. Back pressure 
of CO was not measured but was assumed, as in 
other studies, to be negligible (6, I I). To en· 
sure [hat it was as Jow as possible, the oxygen 
study was done first. A calculation assuming a 
3 per cent carboxyhemoglobin concentration in· 
dicated that this would have decreased the 
DLco by 2 per cent. In addilion, certain criteria 
were estab1ished to ensure comparability of the 
mea .. urement on oxygen and on room air. These 
were as follows: (1) The values for alveolar vol· 
ume (VA) calculated from helium dilution dur­
ing oxygen breathing and during breathing of 
room air had to agre~ within 10 peT cent. The vol­
ume was corrccted (or the subjecl'5 dead space, 
cstimated as one ml per pound of body weight, 
and the dead space of the apparatus. (2) Alveo­
lar volumes had to be equal to or greater than 
90 per cent of tolal lung volume; subjects were 
required to inhale a volume equal to their vi­
tal capacity (VC) less 0.3 liter. (3) Breath-hold­
ing times were approximatdy 10 seconds and had 
to agree within three second~. 

Measurements were also excluded if the sub­
ject's VC was less than 1,400 mI. if there was 
poor cooperation or inability to perform the res­
piratory maneuvers, or if there was an obvious 
crror during the mC33urcment. Tests in which 
poor cooperation or obvious errors occurred 
could occasionally be repeated. 

Spirometer temperatures and barometric ptes­
sure were recorded so that the . Dr-co could be 
expressed at standard tcmperature and pressure. 
dry (STPD). Alveolar volumes were C11culated 
Crom the ~ingJc·breath helium dilution. Heights. 
were meJ.surcd using a right angle with the sub· 
ject standing in stocking fep.t again!;t a wall and 
were recorded to the near(:st 0.25 inch. Forced 
expi ra tory volume in one second (FEV 1) and 
Corced vital capacity (FVe) were measured on 

Women (72) 

Ago FVC FEV, PEF Height 
(ye8rs) (Ii'er) (liter) (liter/min) (m) 

<45 3.19 2.69 377.0 1.60 

>45 2,45 2.01 326.1 1.58 

Stead·\Vel1s spirometers.9 Five trials were made 
and the average of the last three was used. Vol· 
urnes were corrected to body temperature and am­
bient pressure. saturated with water vapor (BTPS). 
Peak flows were obtained by means of a \Vright 
peak Bow meterlO that had been calibrated against 
a standard orifice meter, and readings were cor­
fected acconling to the calibration curve (or a 
given instrutnent . Five trials were made and the 
mean of the last three was used. No temperature 
correction was made. -

Information on respiratory symptoms and cig­
arette smoking habits were obtained by means 
of a standard questionnaire (19). Ages were 
taken as of the last birthday. 

Results 

A total of 203 persons were poten tial ,ub­
jects. Some of the difficulties associated with 
surveys with limited time available and ran­
dOMly selected samples are indicated by the 
failure rate. Thirty-five of these were fail­
ures, largely due to low VC or poor 'cooper. 
ation; l6a gave acceptable results. Of these, 
an additional 26 were rejected because the 
two analyses did not meet the criteria li'ted. 
Thus, data from 142 (70 per cent) of the 
original total could be used to calculate OM 
and Vc. This group consisted of 70 men and 
72 women. The average values for the tests 
of pulmonary function and heights are 
shown in table L 

The DLco as measured during air breath­
ing. by sex, 'age, and current cigarette smok­
ing category is preser.~ed in table 2. The,e 
dar., are presented graphically in figure 1. 
Those classified as never smoked or ex-cig-

9 Warren E. Collins Co.. Boston, M~­
chusetts. 

10 J. J. Monaghan Co. , Inc., Denver, Colorat.1o. 
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TABLE 2 

PULMONARY DIFFUSING CAPACITY FOR CARBON MONOXIDE WHILE BREATHING AIR, 
BY SEX, AGE, AND CUilRE'NT CIGARETTE·SMOKING CATEGORIES 

Current Clgarette·Smoklng Category 

Never Smoked Ex-Smoker 1 to 24 Per Dey 25 or More Per Day 

OLeo OLeo OLeo OLeo 

Age (m//min/mm Hg) (m//m in/mm Hg) (m//min/mm Hg) (m/lmin/mm Hg) 

Se. (yests) No. Mean SO No. Mean 

Men 25-44 6 30.27 3.82 4 30.63 

Men {45 or 
older 

10 24.14 5,58 15 22.33 

Women 25-44 6 21.47 3.03 5 22.40 

Women {45 or 
older 

31 16.84 3.79 4 17.72 

• Versus never smoked, P < 0.05, 
tVersul never smoked, P < 0.01. 

arelte smokers included a few who smoked 
a pipe, cigars, or both. In both men and 
women, there was a decrease in DLc:o with 
increase in age and with increase in cigarette 
smoking. Ex·cigarette smokers tended to be 
similar to persons who never smoked. This 
confirms work that others have reported (5,9). 
The effect of back· pressure of CO in "nokers 
was probably small because of the relatively 
high concentration of CO inhaled. 

The relationship with lifetime cigarette 
smoking (table 3), including the ex· 
cigarette smokers, was also examined. As 
with current cigarette smoking, there was a 
decrease ill DLco with increase in lifetime 
smoking. 'Vhen these data were examined. 
excluding the ex·smokers, the same general 
trend existed. Because the ex·smokers 
tended to fall in the two middle categories, 
these values were slightly lower when they 
were exduded. When tested for use in pre· 
diction fannulas, the lifetime smoking was 
much more significant than the current cig· 
arette smoking. Some of this undoubtedly 
was due to the extremely long scale used in 
lifetime smoking, 0 to 20 000 packs. 

Similar trends were )bserved in results 
obta ined arter oxygen breathing. Alveolar 
oxygen tension while subjects breathed a 
hj~h concentration of oxygen was 573 mm 
Hg in men and 579 mm Hg in women. 
These data in conjuncdon with data ob· 
tained while subjects breathed room air 
werc used to calculate D~{ and Ve. The 

SO No. Mean SO No. Mean SO 

1.59 9 26.69 5.76 7 26.86 3.08 

6.82 10 19,46 - 3.43 9 17 .64t 2.49 

2.14 10 18.4 1 4.15 3 20.00 3 .46 

4.42 6 16.07 5.64 7 15.03 5.69 

results are presen ted in table 4 for men and 
women by age groups and current cigarette 
smoking and graphically in figures 2 and 3. 
The DM did not show any consistent change 
with increased current cigarette smoking 
whereas it showed a fairly consistent de· 
crease with inrreased age for the various 
smoking categories. This change was more 
marked in men than in women. The Vc, on 
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Fif!. 1. Pulmonary diffusing capacity for carbon 
monoxiue as measured during air brealhing by 
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TA BLE 3 

PULMONARY DIFFUSING CAPACITY FOR CARBON MONOXIDE WHILE BREATHING AIR . 
BY SEX. AGE. AND LIFETIME CIGARE TTE SMOKING CATEGORY (INCLUDING EX-5MDKERS) ' 

Life time Clgarotto Smoking Category 

0-19 Packs 3(}-6 ,OOO Pscks 6,001- 12,000 Packs 12,000 O~ More Pncks 

OLeo OLeo DLeo DLeo 
(ml/min/mm Hg) (ml/min/mm Hg) (ml/m in/mm Hg) (ml/min/mm Hg) 

Sex Age No. Mean SO No. M ean SO No. Menn SO No. Meen SO 

Mon 2&-44 6 30.27 3 .82 7 31.33 1.69 12' 25.23 4.21 28.60 

Men 
{45 or 

older 
11 24. 17 5.30 8 26.34 5.18 7 20.11 2.49 1 8 ·· 17.35 3.82 

Women 2&-44 6 21.47 3.03 14 19.61 3.34 4 20.40 5 .B6 

Womon 
{45 or 

older 
31 16.84 3 .79 7 16.96 6.05 5 16.76 5.28 6 14.00 4,17 

"Meen alveolar o xygen tonsion : men, 94 mm Hg; women, 98 mm Hg. 
tVersus 0 to 19 packs; P < 0 ,05 . 

• ·Versus a to 19 packs; P < 0.01 . 

the other hand decreased markedly with in· 
creased cigarette smoking as well as some 
change with age. Comparable results arc 
shown in table 5, in which the relationships 
with lifetime packs smoked are examined. 

Discussion 
These results are in contrast to those re­
ported by Wilson and co-workers (4), who 
reported no cbange in Vc but a decrease in 
DM in 14 smokers who had been matched 
for surface area, height, and age. They also 
eliminated those who had a history of res.­
piratory disease and those with a mixing in· 
dex greater than 2.5 per cent. They ob­
tained DM and Vc by the graphic method 
of Roughton and Forster (20) . Any or all 
of these differences in method and selection 
of subjects could account for the discrep. 
ancy. The most probable cause lies in the 
different selection of subjects; in the pres­
ent study the selection was random and Wil­
son and associates had a selected sample 
with a relatively small number of subjects. 

The DM and Vc each constitutes a complex 
of var.ables. It is not possible to identify 
which may have changed or to what degree 
in this study. Similar results were ob rained 
in a study of .hipyard workers (21) where 
a decrease in Vc with smoking was also 
noted. Unequal distribution is not an im­
portant element in the si ngle breath tech· 
nique for measuring DLcn. It might have 

some influence in sev~rely diseased persons. 
In this populotion, the severely diseased 
were probably eliminated by the require. 
ment of VC in excess of 1,100 rul. In addi· 
tion, the use of the single breath helium 
dilution method to estimate VA mt!asures 
the effective VA. In persons with poor dis· 
tribution and in whom the VA has been 
measured . by another method, larger lung 
volumes will Lc used than are actually in­
volved in gas exchange. This would over­
e3timate the d iffusing capaciry. Again in thi. 
population it is believed that yalues of VA 
measured by single breath helium dilution 
were close to those that would be obtained 
by other methods. Because of the voluntary 
nature of this study in a general population, 
the extensive or detailed studies that would 
be possible in a hospi tal or clinic setting 
could not be done. 

Because lung volumes are used to calcu­
late Dt..co. persons with largPt" lung volumes 
usually have higher DLco; if lung volume> 
change either with age or smoking habit, it 
may be important to correct for this. The 
DLco can be divided by the VA at which the 
measurement was made. This is the dif­
fusion cocfficicnt (Kco) and is simih .. r but 
not identical to the permeability coefficient 
of Krogh (15). The values of DLco/ VA, i.e .. 
Kco, arc shown in tables G and 7 for cur· 
rent cigarette smoking and lifetime packs. 
The rc1at iQr.ship of the Kco and current 
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TABLE 4 

MEM BRANE COMPONENT OF PULM ONARY DIFFUSING CAPACITY FOR CARBON 
MONOXI DE (OM) AND VOLUME OF BLOOD IN LUNG CAPILLARIES (Ve), BY 

SEX, AGE, AN D CURRENT CIGARETTE-5MOKING CATEGORIES 

Current Cigarette·Smoking Category 

35 

Ag" I Nav., Smoked Ex-Smoker 

I NO. 

1-24 Por Day 25 or More Per Day 

So. (years) I No. Mean 

OM, 
ml/minJ 
mm Hg . 
Mon 25-44 6 46.73 

Men {45 o r 
older 

10 34.55-

Women 25-44 i 6 30.12 r 5 a.1 WomDn older 31 23.70 t 

VC,mi 
Men 25-44 6 75.45 

Men {45 or 
older 

10 74.99 

Women 25-44 6 77.20 

r 6 °' 1 WomGn older 31 60.99 

'Ve"us 25-44; P < 0.01. 
tVersus 25-44; P < 0.05 . 

SO 

6.07 

8.67 

S.BS 

6.03 

, 5.4 7 

26.02 

14 .42 

20.75 

• 'Versus Never Smoked; P < 0 .01 . 
rt Vorsus Nevor Smokod ; P < 0.05. 

60 

50 

40 

Ct 30 
J: 
E 
E 

" c 
E 
" E 

E 
Q 

20 

10 

ma les e_. 25-44yrs 
X- J( 45+ )""5 

females., :> 25 -44yrs 
00 45+ yrs 

No. Mean 

4 43.95 

15 36.49 

5 33.06 

4 33.78 

4 92.00 

15 55.53·,11 

5 77.44 

4 52.88 

0~N~eLv-er--~E~x----~I-~24~-=2~5~+ 

CIGARETTES/ DAY 

Fig. 2. Membrane (OmpOllcnt of pulmonary dif· 
fusing capacity for carbon monoxide by sex, age. 
and CUfTent cigarette smoking call-gory. 

SO Mean SO No. Mean S O 

7.75 9 49.84 1b.V6 7 55.74 12.51 

14.62 10 43.33 16.63 9 31.83' 8.94 

5.79 10 26.90 6.39 3 31.97 6.10 

15.71 6 25.72 10.04 7 25.21 7.97 

19.84 9 61.38 25.88 7 49. 10' , 9.99 

18.48 10 33.75 •• , t t 1 , .14 9 36.48' • 20.66 

36.18 10 57 .oot t 17.56 3 50.73 tt 10.68 

31.29 6 47.95 25.48 7 39.67 tt 25.26 

90 
, 
, ... 

BO 
q-'-----q 
i 

70 2:\' , . . . , , 

so ~ \\. Vc 
ml 50 \< 40 /2 

30 

20 
moles •..• 25-44yrs 

x-x 45+ Y" 
10 f ernol" Q.-o 25 -44 yrs 

"l-O 4 5+ yrs 

o N..,... Ex 1-24 25+ 

CIGARETTES/DAY 

Fig. 3. Volume of blood jn lung o.piBarics by 
:t;ex, age, anti current cigaTcuc smoking category. 
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TABLE 5 

MEMBRANE COMPONENT OF PULMONARY DIFFUSING CAPACITY FOR CARBON 
MONOXIDE (OM) AND VOLUM~ OF B~OOD IN LUNG CAPILLARIES (Vel. BY SEX, 

AGE, AND LiFETIME CIGARETTE-5MOKING 

Lifetime Clgerette·Smoklng Category 

Age 
0-19 Pecks 20-6,000 Packs 6,001-12,000 Packs 12,000 or More Pocks 

Sox (yesrs) No. Mean SO No. Mea n 

OM , 
m llmin/ 
mmHg 

Men 25-44 6 46 .73 6.07 7 47.53 

Men {4S or 
older 11 35.1 S· 8.48 8 42.38 

Womon 25-44 6 30. 12 5,88 14 28.78 

{4S or 
Women older 31 23.70· 6.03 7 32.69 

Vc.ml 
Men 2&-44 6 75.45 15.47 7 87.07 

Men {45 or 
older 11 72 .74 2 5. 78 8 64.59" 

Women 25-44 6 77.20 14.42 14 63.46 

{4S or 
Women older 31 60,99 20.75 7 48.79 

·Vorsus 25-4~; P < 0.05. 
tVarsus 0-19 packs; P < 0 .01. 

"Versus 0--19 packs; P < 0.05. 

cigarette smoking ~howed a less marked 
change in the younger age group across the 
smoking categories. The age effect, how· 
ever, persisted, and in the older age group 
there was a definite effect of cigarette smok· 
ing and the extremes were significantly dif· 

SO No. Melin SD No. Mean SO 

7.79 12 51.71 16.48 1 61.40 

12.78 7 36.59· 10.48 18 3 5.03 16.55 

6 .35 4 31 .83 7.56 

13.07 5 23.34 6 .21 5 24.08 9.02 

22.51 12 50.06
' 

15.63 53.90 

14.93 7 45.47" .. 21.05 18 35,08
' 

14.41 

24.82 4 55.25 24.78 

32.77 5 54.16 24.25 5 32.92" .. 10.80 

ferent for the older men and women, i.e., 
never smoked versus 25 and more per day 
at P < 0.01. 

Similarly with lifetime packs, there was 
not much effect in the younger age group: 
but in the older group. there was an eITect 

TABLE 6 

COEFFICIENT OF PULMONARY DIFFUSION OF CARBON MONOXIDE (Kco), BY SEX, 
AG E, AND CURRENT CIGARETTE SMOKING CATEGORIES 

Neve:- Smoked Ex·Smokers 1-24 Per Day 25 or More Pcr D ey 
KeO 

fml/min/ 

Age 
mm Hg/ lirerJ 

So. (years) No. Mean SO No. 

Men 2&-44 6 5.568 0.513 
Mon {45 Or 

ol(1sr 
10 5.253 0.890 

Womsn 25-44 6 5.600 0.624 
{45 or 

Women oldor 31 5.541 1.010 

• Keo - Dl.cOiV A. 
tYersus 25 to 44 years; P <0.05 . 

•• Versus never smoked; P < 0.05 
t tY ersus 25 to 44 y ears; P < O.O L 

• • ·Vor~us navor smoked; P < 0 .01. 

4 

15 

5 

4 

Kco KeD Keo 
fml/min/ (ml/m in l (ml/m;n/ 

mm Hg/liter) mm Hg/lirer) mm Hg/lirer) 

Mean SO No. Mean SO No. MOlin SD 

5.365 1.099 9 5.492 1.024 7 5.516 0.570 

4 .905 1.439 10 4.328 t . •• 0 .795 ~ d.162 1t , ••• 0.680 

5.806 O.s.aS '0 5 .233 0.807 3 5 .840 1 .00 2 

5.885 1.367 6 4.755 1.273 7 4.371 * •• 0 .992 
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TABLE 7 

COEFFICIENT OF PULMONARY OIFFUSION OF CARBON MONOXIOE IKeol BY SEX, 
AGE, ANO LIFETIME CIGARETTE S~OKING CATEGORIES. INCLU DING EXoSMOKERS 

Lifetime Cigarette Smoking Categories 

0-19 Packs 20-6,000 Packs 6,001-12,000 Packs 12,000 or More Pack, 
KeO Keo Keo KeO 

Im/lminl (ml/min/ Im/lminl Im/lminl 

Ago 
mm Hg/lirer) mm Hg/liter) mm Hg/li rer) mm Hg/liter) 

Sex {yeart} No. Mean SO 

Men 25-44 6 5.568 0.513 

Men {45 or 
older ' 1 5,145 0.916 

Women 2&-4. 6 5.600 0,624 

Women {45 or 
oldor 

31 5.541 1.010 

"Versus 0-19 pecks; P <0.01. 
tVersu, 0-19 pac1o:s; P <0.05. 
See table 6 for definition of KeD. 

No. Mean 

7 5.559 

8 5.818 

'4 5.534 

7 4.963 

across the smoking categories and the ex­
tremes (0 to 19 packs versus 12,000 and 
more packs) were significantly different 
(P < 0.01) for men and for women 
(P < 0.05). 

It is also of interest that the Keo for men 
and women were remarkably simiJ.,1r. ,. :flnts. 
the lower DLco measured in ",",ome-n might 
have been related to their smaller lung vol­
umes. \ Vhen lhis was taken into account or 
when values for DLCO were compared at 
comparable lung volumes, there was little 
or no difference between the values of DLco 
of men and women. 

From tbese data, prediction formulas 
have been developed for DLeo during 
breathing air and for Keo for men and 
women. In these prediction equations, the 
use of age and heights were required. but 
the computer was allowed to decide whether 
current smoking or lifet ime packs added sig­
nificanlly to the prediction equation. The 
predictions developed are presented in table 
8. For both DLco and Keo, lifetime packs 
were significant and, in fact, were more so 
than age or height. In most instances, age 
was signific;:mt, but height tended to be less 
so, particularly in the equation for the pre­
diction of KeD. Equations are also g i\o'e n 
without taking into account the smoking ef· 
feet, to he consistent with other equatiolls 
in the literature. 

SO No. MeDn SD No. Meen SD 

0.883 12 5,515 0.861 4.410 

1.166 7 4.B04 0.729 18 3.893- 0.602 

0.860 • 5.350 0.536 

1.297 5 5.394 1.312 5 4.192 t 1.099 

These prediction formulas for Dr.co pre· 
dieted values less than those presented in 
the literature (22). particularly in women. 
The predicted Keo values. on the other 
hand, were similar to or slightly larger than 
those in the literature (22). This could 
have resulted from using the single·breath 
helium dilution method to estimate VA, 
which in turn could have yielded a smaller 
VA than that of other methods. The ratio of 
the FVC as measured on the spirometer to 
the VA as measured by the single·breath 
helium dilution method was examined. The 
ratio was 0.79 ± 0.070 (mean ± SD) for 
mcn and 0.31 ~ 0.089 for women. Because 
VA was measured at more than 90 per cent 
ve, these ratios were of the expected order 
of magnitude, and men and women yielded 
similar results. It does not seem, therefore, 
that the lower DLeo values can be explained 
by underestimation of VA. One of the writ­
ers (23) has done comparisons o[ the single­
breath helium measurement and helium di­
lution technique in patients. There was 
good agreement in the reiatively healthy 
population, but not in persons with severe 
pulmonary disease. Severely diseased per­
sons did not make up a significant propor­
tion of the present subjects because those 
with VC less than 1,400 ml were excluded. 
Therefore it is beli eved that the present VA 
values are vaEd. No specific answer is avail-
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1.70 7,882 

0.07 7,544 
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TABLE 9 

RELATIONSHIP OF PULMONARY OIFFUSING 
CAPACITY FOR CARBON MONOXIDE 

WHILE BREATHING AIR AND FORCED 
VITAL CAPACITY. BY SEX 

Mon Wornon 

OLeo OLeo 

FVC 
(ml/min/mm Hg) (ml/minlmm Hg) 

(/irer) No. Mean SD No. Mean SD 

1.0-1.9 8 12.10 2.51 
2.0-2.9 10 17.95 4 .27 41 16.55 3.44 
3.0-3.9 35 21.93 5.09 22 21.65 2,51 

4.0-4.9 18 27.51 5.12 27.40 
5.D-5.9 6 31.92 1.84 
6,D-6.9 28.30 

able as to why these values tended to be less 
unless this is the case in general popula. 
tions. Other factors might be difference in 
smoking habits or small lung volumes as 
had been noted for this general population 
(24). Most values reported in the literature 
have been for selected populations. 

When the Keo and DLco were related to 
various symptoms such as phlegm produc. 
tion. wheezing in chest, or degrees of 
breathlessness. Keo showed more marked 
decreases than DLco with increase in symp­
toms of wheezing in the age group 45 years 
and older in men and women. 

Breathlessness. on the other hand. showed 
this relationship for men only . • : appeared 
that the symptom of breathlessness might be 
less reliable in women than in men. A high· 
er prevalence of breathlessness in women as 
compared with men has been reported pre· 
viouslL by Ferris . r.d Anderson (19). Huhti 
(25). and Payne and Kjelsberg (25). whicl. 
tends to support this observation. 

The relationships of DLeo to simple test' 
of pulmonary function are shown in table 9 

for men and women. The values [or the 
variou i tests have been separated into cate~ 
gories v[ volume. The DLeo in the subjects 
with those characteri5tic3 are tabulated 
aga;IlSl them. It is apparent, when lung vol · 
urnes or size arc taken into account, in this 
instance reflected by the FVC, that thore was 
virtually no difference in DLeo between nor­
mal men and women. or within a sex. cate· 

gory. There was an increase in DLco with 
increase in FVC. Similar but less dramatic 
association was secn with FEVl • and peak. 
expiratory How. as one would expect. 
rhowed the poorest association. These dara 
indicate that when comparative studies are 
made. the size or lung volumes o[ the two 
groups should be taken into account. In in· 
stanc~s where there is significant disease' 
the ratio of the observed value to a pre· 
dicted value might be more useful. as has 
been suggested by Gaensler ami Wright 
(27). 
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RESUhfEN ______________________ ___ 

El f umar cigarrillos y el factor de tran .. 
ferencia pulmonar (capacidad de difusi6n) 

El fumar cigarrillos caus6 una rcducci6n cn 1a 
capacic1ad de difusi6n de los pulmont"S para el 
monoxido de carbOn y una reducti6n en el co­
efidcntc de difwi6n del monoxido de carb6n. 
Esto implica que cI Cumar cigarrilIos deocr!a 
ser considcrado en ccuaciones de predicti6n. La 
rcducci6n cn 13. c:apacidad de difusi6n aparcntc­
mente fue dcbida a un cambio cn cl volumen 
de sangre de los capilares. Esta podr/a ser la 
raz6n de los cam bios rcvenihIa obscrvados cn 
ex (umador~ de ciganitlos. Los componcntcs de 
13 membrana cambiaron mas con 13 edad. Sc 
daarrollaron formulas de prediction para 13 
capacidad de difusi6n para el mon6xido de 
carb6n para el coc:ficicntc. capacidad de di­
fusi6n del volumen alveolar. basad05 en Ja edad 
y altura, y paquetcs fumados durante la vida . 

RESUME ________________________ __ 

Habitude de fumer 13 cigarette ct facteur 
de transfert "ulmonaire (capacite de dif· 
fusion) 

L'habitudc de fumer Ja cigarette a cntraine 
une rCtluction dans I::. apacite de diffusion pour 
Ie monox.yde de carbone au niveau du poumon. 
ainsi que la diminution du coefficient de dif· 
fus ion du monox),de de carbone. Ceo impJiquc 
que i'habitude de fumeI 1a cigarette dnrait 
ctrc cons idert-e dans IC'S equations de predic­
tion. La redu,::[ion d3r.~ ttl (apaci te de difIu5ion 
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semble ttre due a. une modification dans Jc vol­
ume du sang dans Ies capillaircs. Ccci pourrait 
imervcnir pour expliqucr certaines d~ modifi­
calions rCversibles observ~cs chez Irs anciens 
fumeurs de cigarettes. La composantc de memo 
branes a davantage change avec I'Age. Des 
rormul .. de prediction ant etc dcveloppCes pour 
la capacil~ de diffusion pour I~ monoxydc de 
cathanc. pour Ie rapport entre 13 apacite de dif· 
fusion ct Ie voh:mc alveolairc, bastes sur l'~ge. 
sur 13 taille. ct sur Ie nambre de paqucts de cig­
arettes fumes pendant la duree de la vic. 
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