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. * .. The lung funciion of 163 middle-aged .- . . " aware of an increasing interest in the pulmonary
* military officers was studicd in relation - physiological effect of long-term use of tobacco
to smoking habits. The 113 habitual cig- among healthy individuals,*’* and studies have
-+ arctte¢ smokers were found to have sig- . invariably showed decreased physiological measure-
IR nificantly lower average ventilatory ca- ments in smokers. We have recently had the oppor-
S pacities and increased residual volumes tunity to evaluate ventilatery function and long
as compared with 50 nonsmokers. Al-- . volume in a gréup of middle-aged military ofEcers
though most subjeets in hoth groups were in connection with their annual physical examina-
- . within normal range, there were signifi- tions. The results of these tests are assessed in ;
o - canily more smokers who demonstrated relation to the patients’ smoking habits. :
). s . abnormal results to tcsts of maximum . .
voluntary ventilation, timed vital capaci- Material and Methods '
ty, and residual volume. Habitual smok-
* ers also admitted to chronic cough and - Subjects were senior Air Force officers, aged 38
shortness of lreath with greater Ire- " to 57, approximately. 55% of whom were flying per-
quency than Jid nonsmokers, although . sonnel (Pi'_IOt-?. navigators, and so on). Subjects . .
the differences were not statistically sig- were hospltahzet_l on the evening prior to testing.
nificant. The authors conclude that these A complete medical history and physical examina-
differences cinnot be explained on any tion was accomplished by an internist, and signifi- i
factor other than that one group smoked cant cardiac or pulmonary disease was excluded on -
and the other group did not. the basis of history and physical Bndings, chest
’ ' x-ray, electrocardiogram, and double Masters exer-
) _cise test. In order to eliminate any acute effects of
HE RELATIONSHIP between cigarette smok- smoking, we asked the subjects to refrain from ° .
. ing and chronic bronchopulmonary disease has smoking, beginning at bedtime on the day prior to - )
been the subject of much discussion, speculation, testing. Excellent cooperation was obtained. On . TR
..and investigation in recent years. The frequent  Teporting to the pulmonary function laboratory at o
.~ association between cigarette smoking and the syn- -~ 11:00 Adr, each subject answered a brief question-
.. dromes of chronic cough, bronchitis, and pulmonary . naire relative to past and present respiratory dis-
' emphysema has been noted and reported.’” We are - ease, symptoms, and smoking habits, For the pur-
poses of analysis of results, those individuals who
] ] ) habitually smoked cigarettes at the time of exami-
- S’.‘I"‘,,‘?;ﬁf,";':,"‘f&“t‘;:;”&‘;::w&’ﬂ{}}?&‘:",;.5'_ ‘*  nation. were classified as smokers, and those who
N Tork. ool paper the personal views of the authors had never sn!oked or who had smoked only very
B} and are oot 1o be construrd as & statement of official Alr Forcy polley, -, occasionally in the past were classified as none
o 88§ ... it
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smokers. Tipe, cigar, and cx-cigarette smokers were

_excluded. This left 163 subjects, 113 smokers and

50 nonsmokers. Smoking histories varied from a
minimum of 15 to more than 25 years. A compari-
<on of various physical factors in these two groups
shows them to be comparable in other respeets
(Table 1). Cigarette smokers were futher divided
into rwo groups: those who professed to smoking

one package of cigarettes daily or fewer (moder- -

ate) and those who consumed more than one

" package per day { heavy).

The following parameters were evaluated and
compared:

1. Maximum voluntary ventilation (MVV() was
determined with the use of a 13-liter respiromaeter.

. The “normal” or predicted value was calculated
according to the. formula of Baldwin et al,’* and

results expressed as a percentage of the predicted
MVV.

2. The one-secand and three-second vital capaci-
ties (FEV,, and FEV;) were determined with a

_vitalometer, and results expressed as a percentage

of the total vital capacity.

3. Lung velumes were determined by the closed
. circuit helium dilution method, with the use of a

gas analyzer-respirometer, and the ratio of residual

" yoleme to total lung capacity (RV/TLC x 100)
- was calculated.
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Table 2.—Tabulaticn of “Yes'" Answers to Specific
Questions of Histary or Symptoms

More

Than
One Fack/

50 Non 113 1 Pack Oa

smokers  Srmokerss {65} (57‘;

e, P o et e,

Now % Na % Noo % Mo %
Asithma or wheazlng........ 2 _4.0 3 27 1 2.2 2 - 3.0
Prneaumonia .....cea. e 7 140 15 133 4 8.7 11 164
Chrenic cough 1 20 12 106 3 &5 9 134
Shortness of bresth...... & 0.0 11 9.7 4 87 7 108

of statistical significance. By the results of the
chi-square test, the frequency difference between
nonsmokers and smokers, with respect to chronic
cough, has a significance probability betwecn 005’
and 0.0S; that with respect to shortness of breath,
about 0.025, It is also noted that these symptoms
increase in frequency with increasing cigaretie
consumption, Although no definite conclusions can
be drawn from these data, a relationship between
these symptoms and cigarette smoking is suggested.
The infrequent history of asthma or.wheezing and
the equality of distribution of this history is of
interest in that it indicates that the differences
otherwise demonstrated between smokers and non-
smokers cannot be attributed to bronchial asthma.
" The data obtained on pulmonary function testing

Fig l.=Maximum veluntary ventilation related te smoking’

Results "“"""A R
The questionnaire form was extremely bref and e
included questions relative to history or present 185 |~
" symptoms of (1) asthma or wheezing, (2} pneu- - 75 .
- ' monia, (3) chronic cough, and {4) shortness of - . - 75 i -
; " hreath. The questions were worded simply, “Do 165t .
i .'." you have or have you ever had ..., and no - g :
.. .- attempt was made, in the laboratory or subse- £ 155 - . :
quently, to further elaborate on the “yes” or “no” 5 : . .
answers. It was emphasized that this was purely = & 145 - : .. .
- for statistical purposes and would not become a - 135 S .
‘part of the medical record, since many of these  + @ 5 N A
men are prone to minimize symptoms. Theresults .2 155 ‘. . :
of the history and symptom questionnaire are 32 S A T aard
) tabulated in Table 2. & s Ve o 3 “.
i No consistent or significant difference was noted . SAPTRS A
. between smokers and’ nonsmokers with respect to . . -2 («1- % PR A .
v ~ asthma, wheezing, or pneumonia. Symptoms of . _ . - o e
: caugh and shortness of breath are professed more . . > . CL I o
S frequently by smokers than by nonsmokers al- - > as ' DA
{ . though the differences in. frequency are just short -/ ,5, _ I ; e
H | . 5 . T .
1 Table 1.—Comparison of Physical Factors 65 b . .
' in Subjects Studied ey °
: ' 50 Nonsmukers 113 Sniokers Teoeesmn o o 1 1
. s Standard - Standard. -+ T . ." o] 1 i+
T . Mesn  Deviatlon ~ Mesn Daviatien CoalT L. .
i | ABS ears) ol M3 - =422 MT2 0 412 JRT S Pack: Pocks .
o T Height (nches) memiwe- 7035 = 216 .. 7050, = 240 Coe : . .
i ) Weight (OUNdS) wmeme 1763 2186 1787 . zidé - CIGARETTE SMOK!,NG ) PER DAY
IR : o LR
': : LT ' 100
i & ) .
‘.
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Fig 2.=FEYy [percent of iohal vilal copacity]l related 1o smok~
ing hablts.

" are tabulated in Table 3. With the exception of

total lung capacity, there were significant differ-
ences between smokers and nonsmokers in all func-
tions measured. The most striking differences be-

" {ween the two groups are demonstrated in the -
. results of the FEV; test and the residual volume-

Table 3.—Cdmparison of Pulmonary Function Studies
in Smokers and Nensmokers

112 Sr:mhu

Standarg’
Mean Deviation Mean Daviation r

50 Nonsmokers
Standard

”

’ Yital capacity -

{iters) ...

Vital capacity
(% predicted)... 1287 x£I337 1182 - =145%  0.001

i v -
{%at 'wul) ..... . 802 = 4i8d &1 =76 <0.008

3-Sec timed ve . e
(FEV®s) . : ’
{%eof total........ 953 = 1.24 9.7 = 234 - <0001

e 516 = 0,701 482 = 0682 0.004

MYV (liters/min).. 1613 ™ :26.0-~ 1410 288  <0.001 -

........... 1285 ° =202% 1158 ) ‘=21.80 : «0.001
Total lung capagity .
(LLRrD) wrrrereemeee 73T 2= 0986 ¢ 742 = 0593 Q.75

Rasidus! volume - S
Qiters) ey 219 =X 0502 © 260 = 0560 . <0.001

RV/TiC Ratiox 100 299 =482 253 X% 546 <0001

* FEV=Forcad expiratory volume.
1 MYY=Maximum ventiistory voluma.

: ' _,_ﬁz_-'.;"f
@Nmr MEASUREMENTS—IIENSLER - 31u

N 837

total lung capacity ratio (RV/TLC). An attempt
was made to correlate the quantity of cigarette
consutnption with mean differences in maximum
voluntary ventilation (Fig 1), timed vitalometry
(Fig 2), and residual vojume/total lung capacity
ratio (Fig 3). The dotted horizontal lire in the
scattergrams separates the “normal” from the "ab-
normal” values. In all respects, the smokers display
abnormal values significantly more frequently than
do nonsmokers (P<0.01}, aithough there is no
statistically significant difference demonstrated with
increasing consumption of cigarettes. It is noted,
however, that the lowest MVV and timed vital
capacity values and the highest RV/TLC ratios
-were encountered in the heavy smokers.

Comment

The little-understood disease entitics of chronic

* bronchitis and emphysema are responsibic for more
man days of disability and probably alse, dircctly
or indirectly, for more deaths than is cancer of the
lung. In spite of this, the possible role of irtation
from tobacco smoke as an etiological factor in
chronic bronchitis and obstructive emphysema has
received relatively scant attention in the profes-
sional literature and infinitely less publicity di-
rected to the laity compared to the tobacco-lung
cancer problem. In recent years, however, an in-
‘creasingly convincing body of evidence is accumu-
lating to implicate chronic use of tobacco, particu-

’

KP4
Fig 1.=~Residual veivmetotal lung copacity ratia reloted
18 smoking habils, '
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larly inhalation of cigarette smoke, as a major factor

“i@ the cticlogy of chronic respiratory ‘insulliciency.

This cvidence in general comes from three sources:
(1) studics of the smoking habits of individuals

" with chronic respiratory symptoms,'”” {2) histo-

pathological studies of the bronchial mucosa,"™"
and (3) physiological measurements of healthy in-

. dividuals.

Attempts to demonstrate the acute pulmonary
functional effects which result from smoking have

met with variable results. Bickerman and Barach'* -

were unable to demonstrate any significant change
in lung function (vital capacity and maximum
breathing capacity) in normal subjects after they
had smoked one or more-cigarettes. Similarly, othrers

have been unable to demonstrate a significant -

change in the mechanics of Lreathing in normal
subjects after smoking, although emphysematous
subjects demonstrated increascd airway resistance
and work of breathing under similar circum-
stances.™®* Motley and Kuzman* could demon-
strate no consistent or significant change in blood
gases in normal or moderately emphysematous in-
Jividuals after smoking. They did find a significant

.decrease in pulmonary compliance in most subjects,

with an increase in the clastic work of breathing.
Using the sensitive technique of body plethysmog-
demonstrated a sig-
nificant decrease in airway conductance, which
persisted for about one hour after the paticnt's
inhalation of cigarette smoke. Although these con-
ficting results are difficult to interpret, it is proba-
ble that inconsistencies are related to sensitivity of
techniques used in various studies. The conclusion
of Mcllroy and Nade} that “inhaling cigarette
smoke produces a small but significant increase in
airway resistance” seems reasonable: .

Until recent years, very few physiological studies
have been made of normal individuals in an at-
tempt to quantitate physiological changes brought
on by long-term smoking. Turley and Harrison ™

compared the vital capacity and ventilation indexes .
 of 33 heavy smokers and 42 nonsmokers and con- .
_ cluded that tobacco had no deleterious effect on

ventilatory efficiency. It should be noted that their

subjects were medical students who undoubtedly,
" Yad relatively short smoking histories. :
and Higgins * studied the ventilatory capacities of

Flatcher "

several occupational groups in the British Isles in
relation to smoking habits. Their studies on rela-
tively large groups of healthy individuals demon-
strated significantly decreased mean ventilation

capacities and increased frequency of bronchitic -

symptoms in smokers. Whitfeld et al® in a study
of 38 otherwise healthy male subjects, nofed a
slight decrease in vital’ capacities and a sig'nofﬁchht
{nercase in the residual volumes and in the rcsidual
volume/total lung capacity ratios in smokers as
compared to nonsmokers. Flick and Paton * found

significant reduction in the maximum expiratory

3 : i . .

™ Y
o MONAI\Y .\u:».summs.ws-umsx.m3 QON
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fow rates of smokers as compared to nonsmokers

- in a- Vetcrans’ Hospital patient population. Subse-

quently, ather reports 1814 1ave consistently demon-
strated evidence of airway obstruction, increase in
residual volume, and decrease in diffusion capacity
in smokersi !

It is worth noting that the group reported here
is a relatively homogenous population. As profes-
sional militarv officers, they were selected as young

' ~men partly on their ability to pass a rigid physical

examination. In subsequent years, they have been
subjected to re-examination frequently and, in most
cases, annually. Because of the nature of their
profession, they are expected. to "keep in shape,”

" and habitually lead a vigorous life. The entire aduit

life of each individual studied has been lived in a
similar environment, that of the US Air Force.

'._ Since Air Bases are almost universally located at
some distance fronr population and industrial cen-
_ ters, air pollution from

factory and automobile
exhausts would not be expected to be a signiScant
factor. These fcatures are in marked contrast to
other studies of “normal” populatiors, which in-
clude primarily city dwellers,” " '® sedentary

- groups,'”'* factory workers,'® or hospital popula-

tions.* '* The only detectable background differ-
ence is that one group smoked and the other did
not. The inescapable conclusion is that this fact
accounts for the differences in lung function_be-
tween these two groups. It is evident, therefore, -
that smoking can result in airway obstructicn and -

. air trapping or hyperinfation. These physiological

changes in otherwise healthy cigarctie smokers
differ only in degree from those seen in the patients
with emphysema. e

One might speculate on the effect on the lungs
of repeated changes in atmospheric pressure inci-
dent to flying, since this could conceivably produce

- alveolar wall damage and, thereby, hyperinflation. -

In the study group there was a greater proportion
of professional fliers among the nonsmokers (62%}
than among the smokers (34%). Hence, if flying,
per se, adversely affected lung function, it would
tend to reduce any differences between smokers -
and nonsmokers as analyzed in this papes.

Conclusions

Lﬁng volunie and :f.entilatory studies of 163 mid-

* dle-aged military officers were analyzed in relation

to smoking habits, Habitual cigarette smokers were
found to have decreased average vital capacities,

" maximum voluntary ventilation and timed vitalom-

etry values, and incr%‘ in residual volume levels
compared with thosepfadrhad ncver -moked. Thero
appoars to be some comclation between the degreo
of physiological and symiptomatic abnormality and

the guantity of cigarctics consumed, although dif-
ferences in this respect were not statistically sig-

102
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nificant. The incidence of admitted cough and
shortness of breath was found to be slightly greater
among smokers than nonsmokers, The dnf?r

was shghtlv below the level of statistical signifi-

ercnce

£
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\(ONAHY MEASUREMENTS—HENSLER"& GIRON 888

cance. These findings confirm previous rcports of
similar studies on somcwhat less uniform popula-
tions.

USAF Hospital Wieshaden, APO 633, New York.
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S CORRECTION .

=0l sl | Tragedy,” published Aug 3 (185:354357), it states incorrectly that 140,000

A Disabling Automobile Accidents.—In the lead paragraph of the oragmal con-
o tribution titled "Facial Disfigurement in Automobils Accidents: A National

injuries resulted from automobile accidents alone in 1960. John Marquis Con- { ..
werse, MD, author of the communication, writes that “the correct figure is
- 1,400,000 accidents, and this apparently includes only the truly disabling i
Z4- w17 | accidents reported by the National Safety Council. According to the publica- :

P tion Health, Education and Welfare Indicators (July, 1963), the fotal num-
T ber of persons injured in motor vehicle accidents was 5,000,000, Such injuries
. - | in 1961 totaled 4,400,000 and in 1962 totaled 5,100,000. So it can be seen
. that this is a problem of some magnitude, much greater than the figure in
: the article would indicate.” . _
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