
Long-term continuous oxygen therapy in hypoxemic patients with
ehronie airway obstruction has been noted to have a beneficial effect
of reducing pulmonaryarteriolar resistance (30).

It is pertinent to note at this point that there is a developing body
of experimental evidence discussed in previous Reports and in this
chapter that cigarette smoking may haveacute deleterious effects on
airwayresistance and pulmonary vasoconstriction which can be espe-
cially harmful to the patient whose pulmonary function is already
compromised. The disordered pulmonary ventilation-perfusion rela-
tionships and pulmonary hypertension found in some patients with
severe chronic bronchitis can only be worsened by further broncho-
constriction and possibly by pulmonary vasoconstriction caused by
continued cigarette smoking. These can enhance cardiopulmonary
decompensation and lead to heart failure from cor pulmonale.
Further research is necessary to clarify more precisely the inter-

relationships between the disturbances of ventilation-perfusion caused
bychronic obstructive bronchropulmonarydiseases and cardiovascular
abnormalities as theyrelate to cigarette smoking.

SUMMARY AND RESEARCH SUGGESTIONS

Additional evidence compiled since 1967 confirms previous positive
findings and extends our knowledge about some of the effects of
cigarette smoking on pulmonary function. There has been further
clarification of some of the interrelationships between chronic obstruc-
tive bronchitis and adverse cardiopulmonaryeffects indicating that
pulmonary hypertension and cor pulmonale mayresult from the more
severe forms of chronic obstructive bronchopumonary disease. Smok-
ing is a major cause of chronic bronchopulmonary disease and in
addition may have particularly harmful cardiopulmonary effects
in those patients with severe chronic obstructive bronchitis.
Research suggestions: (1) Long-term followupstudies on changes in

pulmonary function among continuing cigarette smokers as compared
to those who have never smoked cigarettes and those who have discon-
tinued cigarette smoking. (2) Longitudinal studies of relatively young
people prior to the initiation of smoking in order to compare pulmo-
nary function before and after the taking up of smoking.

CITED REFERENCES

(1) AtERRACH, O.. Hamaronp, E. C.. Garrrxker. 1. Thickening of walls of
arterioles and small arteries in relation to age and smoking hahits. New

England Journal of Medicine 278(18) : O8O-9S4, May 2, 1968.
(2) AviApo. D. ML. Varecerk. FL Pulmonaryeffects of tovacco and related sub-

stinces. I. Pulmonary compliance and resistance in the anesthetized dog.

Archives of Environmental Health 15(2) : 187-103, August 1967.

(3) Avrapo, D. Mi. SamMaNek, M. Bronchopulmonary effects of tobacco and
related substances, I. Bronchoconstriction and bronchodilatation: In-

76



(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

fluence of lung denervation. Archives of Environmental Health 11(2):
141-151, August 1965.

Aviano, D. M., SamManeK, M., Foire, L.E. Cardiopulmonary effects of
tobacco and related substances. I. The release of histamine during inhala-
tion of cigarette smoke and anoxemia in the heart-lung and intact dog
preparation. Archives of Environmental Health 12(6) : 705-724, June
1966.

Rates, 1). V. Chronic bronchitis and emphysema. New England Journal
of Medicine 278 (10) : 546-551, March7, 1968.

Bates, D. V. Chronic bronchitis and emphysema (concluded). New England
Journal of Medicine 278(11) : 600-605, March 14, 1962.

Bovutys, A. Grore, J.. Jonsson, R., Lenprn, G., LInpett, S. E., The
influence of histamine inhalation on the pulmonary diffusing capacity
in man. Journal of Physiology 152: 176-181, June 1960.

Bovutys, A., Jonsson. R,, LIGHTNECKERT, S.. LINDELL. S. E.. LUNDGREEN,
C.. Lyxprx, G., Rrxegutst, T. R.. Effects of histamine on pulmonary
ventilation in man. Clinical Science 19 : 79-94, February 1960.

Burrows, B., Nrpex, A. H., FLercHer, C. M., Jones, N. L. Clinieal types
of chronic obstructive lung disease in London and in Chicago, A study
of one hundred patients. American Reviewof Respiratory Diseases 90(1):
14-27, July 1964.

DatHamn, T.. RoseNGREN, A. The effect of oxygen lack on the tracheal
ciliary activity. Archives of Environmental Health 16(38) : 871-373, Mareh
1968.

Danan, T.. Rytanner, R. Tar content and cillotoxicity of cigarette

smoke. Acta Pharmacologica et Toxicologica 25(3) : 369-372, 1967.

DatHamn, T.. Rytanper, R., Spears, A. W. Differences in ciliotoxicity of
cigarette smoke, American Reviewof Respiratory Diseases 906(5) : 1078-

1079, November 1967.

Davis, T. R. A.. Battista, 8. P., KENSLER, C. J. Mechanism of respiratory
effects during exposure of guinea pigs to irritants. Archives of Environ-

mental Health 15(4) : 412-419, October 1967.

EDELMAN, N. H., MrrtMan, ©., Norris, A. H., CoHEn, B. H., SHock, N. W.
The effects of cigarette smoking upon spirometric performance of com-
munity dwelling men. American Review of Respiratory Diseases 94(3):
421-429, September 1966.

Ferin, J. The mechanism of elimination of deposited particles from the

lungs. (Report of meeting.) Annals of Occupational Hygiene 10(3) ; 207~
216, July 1967.

Fitter, G. F., Becxwitt, H. J., Reeves, J. T., MITCHELL, R. S. Chronic ob-
structive bronchopulmonary disease. II. Oxygen transport in two clinical
types. American Journal of Medicine 44(1) : 26-38, January 1968.

FLeTcHER, C. M. Bronchial infection and reactivity in chronie bronchitis.
Journal of the Royal College of Physicians of London 2(2): 183-190,

January 1968,

FLETCHER, C. M., HuGH-JoNes, P., McNicou, M. W., Prive, N. B. The diag-

nosis of pulmonary emphysema in the presence of chronic bronchitis.
Quarterly Journal of Medicine 32: 33-44, January 1963.

Fou.e, L. E., SAMANEK, M., Avriapo, D. M. Cardiopulmonary effects of to-

baceo and related substances, IJ. Coronary vascular effects of cigarette
smoke and nicotine. Archives of Environmental Health 12(6) : 712-716,
June 1966.

Foreacs, J., Carini, W. T. Mycotoxicoses: Toxie fungi in tobaecos. Science
152 (8729) : 1634-1635, June 17, 1966.

77



(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(33)

(34)

78

Freotr, P., Covpray, P., Rousset, A., Szrisr, A. Les bronchites chroniques

et l'insuffisance respiratorie dans agglomeration de Bordeaux. Journal

de Medecine de Bordeaux 143(2) : 1865-1879, December 1966.

CGrammona, 8. T. Effects of cigarette smoke and plant smoke on pulmonary

surfactant. American Review of Respiratory Diseases 96(3): 539-341,

September 1967.

GVTLLERM, R., SAINDELLE, A., Favror, P., Her, J. Action de la fumee de ciga-

rette et de quelques-uns de ses constituants dur les resistances ventila-

toires chez le cobaye. Archives Internationales de Pharmacodynamie et

de Therapie 167(1) : 101-114, May 1967.

Haynes, W. F., Jr., Krstvrovic, V. J., Bern, A. L. L., Jr. Smoking habit and

incidence of respiratory tract infections in a group of adolescent males.

American Review of Respiratory Diseases 93(5) : 730-735, May 1966.

Hicains, I. T. T., Givson, J. C., Ferris, B. G., WATERS, E., CAMPBELL, H. M.,

Hrectns, M. W. Chronic respiratory diseases in an industrial town: A

nine year follow-up study. [Unpublished.] Presented at the American Pub-

lie Health Association Environmental Epidemiology Session, October 25,

1967. 18 pp.

Hotianb, W. W., Eviiott, A. Cigarette smoking, respiratory symptoms and

anti-smoking propaganda. An experiment. Lancet 1(7532) : 41-48, Janu-

ary 6, 1968.

Hvart, E. Ventilatory function in healthy non-smokers and smokers. Scan-

dinavian Journal of Respiratory Diseases 48(2) : 149-155, 1967.

Kaminski, FE. J.. Fancner, 0. E., CALANDRA, J.C. In vivo studies of the

ciliastatic effects of tobacco smoke. Absorption of ciliastatic components

by wet surfaces. Archives of Environmental Health 16(2) : 188-193, Feb-

ruary 1968.

Kirrury. K. H.. Saizano, J, V.. editors, Symposium on structure, function,

and measurement of respiratory cilia. Duke University Medical Center.

Durham. N.C.. February 18-19, 1965. American Review of Respiratory

Diseases 93(3. Part 2) : 1-184. March 1966.

Levine, B. E.. BrceLow. D. B., Hamstra, R. D., BECKWITT, H. J., MITCHELL.

R. &.. Nett, L. M., STEPHEN, T. A.. Petty. T. L. The role of long-term con-

tinuous oxygen administration in patients with chronie airway obstruc-

tion with hypoxemia. Annals of Internal Medicine 66 (4) : 641-650, April

1067,

Lowe, @. R. Chronic bronchitis and occupation, Joint meeting No. 1. Sec-

tion of Occupational Medicine with Section of Epidemiology and Preven-

tive Medicine. Chronic Bronchitis and Occupation. Proceedings of the

Royal Society of Medicine 6] (1): 98-102, January 1968.

Lowe, C. R., Penacear. P. 1, CAMPBELL, H., Hitcuens, R. A. N.. Kuosta, T..

Krxe. T. C. Bronchitis in two integrated steel works. I. Ventilatory capac-

ity, age, and physique of non-bronchitic men. British Journal of Preven-

tive and Social Medicine 22(1) : 1-11, January 1968.

Lecas, G. B. Diseases of Tobacco, New York. Scarecrow Press, 1965, T78 pp.

Mrecauen, G. E.. Senna, G. A. Essa. M. H., SaLen, 8. Z., Erssa, H. A.

Smoking versus infection as the aetiology of bronchial mucous gland

hypertrophy in chronic bronchitis. Thorax (London) 22(3): 271-278,

May1967.

MircHELL, R. S., Vincent, T. N.. RYAN, S., Firtey, G. F. Chronic obstruc-

tive broncho-pulmonary disease: IV. The Clinieal and physiological dif-

ferentiation of chronic bronchitis and emphysema. American Journal of

the Medical Sciences 247 : 513-621, May 1964.



(36)

(37)

(38)

(39)

(40)

(41)

(59)

(50)

(51)

NADEL, J. A,, Comrokg, J. H., Jr. Acute effects of inhalation of cigarette
smoke on airway conductance. Journal of Applied Physiology 16(4):
713-716, 1961.

NASH, E. S., Briscon, W. A., Covrnanp, A. The relationship between
clinical and physiological findings in chronie obstructive disease of lungs.
Medicina Thoracalis 22 - 305-827, 1965.

PaLeceK, F.. Aytapo. D. M. Pulmonaryeffects of tobacco and related sub-
stances. II. Comparative effects of cigarette smoke, nicotine, and

_

his-
tamine on the «anesthetized cat. Archives of Environmental Health 15
(2) : 194-203, August 1967,

PaLecek, F., Oskovr, M.. Avrapo, I, M. Pulmonary effects of tobaceo and
related substances. III. Inhibition of synthesis of histamine in various
species. Archives of Environmental Health 15(2) : 204-213, August. 19867,

PENMAN, R. W. B., Howarp. P. Distribution of pulmonary ventilation and
blood flow in normal subjects and patients with chronic bronchitis.
Clinical Science 30: 63-78, 1966.

PENMAN, R. W. B., Howarp, P.. STENTIFoRD, N. HH, Factors influencing
pulmonary gas exchange in patients with acute edematous cor pulmonale
due to chronic lung disease. American Journal of Medicine 44(1):
8-15, January 1968.

PETERSON, 1D. T., Lonergan, 1. H., Harpiner, M. G. Smoking and pulmonary
function. Archives of Environmental Health 16(2): 215-218, February
1968.

PLATTS. M. M., Hawonp, J. D. S.. Stuart-Hakris. (. H. A study of cor
pulmonale in patients with chronic bronchitis. Quarterly Journal of
Medicine 29(116) : 559-574, October 1960.

Rytanper, R. Pulmonary defence mechanisms to airborne bacteria, Acta
Physiologica Scandinavica (Supplementum 306) : 1-89, 196%,

SAMANEK, M., Avrapo, D. M. Bronchopulmonaryeffects of tobaceo and re-
lated substances, TY. Bronchial arterial injections of nicotine and

_

his-
tamine. Archives of Environmental Health 11(2) : 152-159, Angust 1965.

SAMANEK, M., Avrapo, D. M. Bronchopulmonaryeffects of tobacco and re-
lated substances. IV. Bronchial vascular and broncho-motor TeSponses |
their suggested defense function. Archives of Environmental Health 11
(2) : 167-176, August 1965,

SAMANEK, M., Aviapo, D. M. Cardiopulmonary effects of tobacco and re-
lated substances. III, Pulmonary vascular effects of cigarette smoke and
nicotine. Archives of Environmental] Health 12: 717-724, June 1966.

SAMANEK, M., Avrapo, D. M., Peskin, G. W. Bronchopulmonary effects of
tobacco and related substances, ITI. Axon reflexes elicited from the
visceral pleura. Archives of Environmental Health 11 (2): 160-166, Au-
gust 1965

SEKULIC, S. M., HAMLIN, J. T., III, Eviison, R. G., E.uison, L. T. Evalu-
ation of five methods for the study of pulmonary surfactant. American
review of Respiratory Diseases 97(1) : 131-135, January 1968.

SEKULIC, S. M., Hanrn, J, T., IW, Evrisex, R. G., Eviisex. L. T. Pul-
monary surfactant and lung cirenlation in experimental atelectasis.
American Review of Respiratory Diseases 97(1): 69-75, January 1968.

Srronsson, B. G. Clinical and physiological studies on chronic bronchi-
tis. II]. Bronchial reactivity to inhaled acetylcholine. Acta Allergologica
20(5) : 3825-348, 1965,

Srutonsson, B. G., Jacops, F. M., NapEL, J. A. Role of autonomic nervous
system and the cough reflex in the inereased responsiveness of airways

79



in patients with obstructive airway disease. Journal of Clinical Investi-

gation 46(11) : 1812-1818, 1967.

(53) SpuvrcasH. A. Exrnicu, R., PETZoLp, R. Effect of cigarette smoke on re-

sistance to respiratory infection. Archives of Environmental Health 16

(3) : 885-391, March 1968.

(54) Sranek, V., Fopor, J., Hert, Z, Wiprnsky, J., CuarvaT, P., SANTRUCER,

M., Zasic, F., Vavrtk, M. A contribution to the epidemiology of chronic

bronchitis. Acta Medica Scandinavica 179(6) : 737-746, June 1966.

(55) Srriever, D. J., Kaxesga, H. Hypoxemia in young asymptomatic cigarette

smokers. Annals of Thoracic Surgery 4(6) : 528-531, December 1967.

(56) Srvart-Harris. C. HW. Pulmonary hypertension and chronic obstructive

bronchitis. American Review of Respiratory Diseases 97(1)} : 9-17, Jan-

uary 1968.

(57) U.S. Pusric HEALTH SERVICE. The Health Consequences of Smoking. A Pub-

lic Health Service Review : 1967. Washington, U.S. Department of Health,

Education, and Welfare, Public Health Service Publication No. 1696, 1967.

227 pp.

(58) U.S. Pusiic HeAtTH SERVICE, NATIONAL CENTER FOR HEALTH STATISTICS.

Mortality from diseases associated with smoking: United States, 1950♥

64. Washington, U.S. Department of Health, Education, and Welfare,

Vital and Health Statistics, Series 20, No. 4, Public Health Service Pub-

lication No, 1000, October 1966. 45 pp.

(59) U.S, Pusiic HEALTH SERVICE. Smoking and Health. Report of the Advisory

Committee to the Surgeon General of the Public Health Service, Wash-

ington, U.S. Department of Health, Education, and Welfare, Public

Health Service Publication No. 1108, 1964. 387 pp.

(60) WILHELMSEN, L. Effects on bronchopulmonary symptoms, ventilation, and

lung mechanics of abstinence from tobacco smoking. Scandinavian Journal

of Respiratory Diseases 48 (3/4) : 407-414, 1967.

(62) Wirirams, J. B.. ANDERSON, W. H. Acute effects of cigarette smoke on dis-

tribution of pulmonary perfusion. Clinical Research 16(2): 3877, April

1968.

(62) Wywxper, FE. L.. TAaGucHt, K. T.. Bapen, V.. HorrMan, D. Tobaeco carcino-

genesis. IX. Effect of cigarette smoke on respiratory tract of mice after

passive inhalation, Cancer 91(1) 2134-153, January 1968.

(63) YrEAGER., H.. Jr. Rives, M. W., Massaro, D. Personal communication, 1968.

SUPPLEMENTAL BRONCHOPULMONARY REFERENCES

S1. ApersTErN, A. M.. Rruxeton, J. Smoking and pulmonary tuberculosis: An

analysis based on a study of volunteers for mass miniature radiog-

raphy. Tubercle 48(3) : 219-226, September 1967.

32. AtserT, R. E.. Lippmann, M., Briscoe, W. The characteristics of bronchial

clearance in humans and the effects of cigarette smoking. Presented at

the annual meeting of the American Medical Association, June 19, 1968 in

San Francisco, Calif.

83. AnpERSON, DD. O. The effects of air contamination on health: Part I, ¢Cur-

rent progress.) Canadian Medieal Association Journal 97 (10) 2 528-536,

September 2, 1967.

S4. AnpERSON, D. O. The effects of air contamination on health: A review. Part

Il. (Current progress, } Canadian Medical Association Journal 97(41): 3

585-598, September 9, 1967.

$5, AsuForp, J. R., Brown, S.. Morcan, D. ¢., Raz. S. The pulmontry ventila-

tory function of coal miners in the United Kingdom. American Review of

Respiratory Diseases 07: 810-826, 1968,

80



89.

S10.

$14.

S16.

S17.

$18.

$20.

$21.

$22.

. AUERBACH, O., Hamonp, BE. C., Kirman, D., GARFINKEL, I.., Stout, A. P.
Histologic changes in bronchial tubes of cigarette-smoking dogs. Cancer
20(12) : 2055-2066, December 1967.

. Barer, G. R., Howarp, P., McCurrir, J. R. The effect of carbon dioxide and
changes in blood pH on pulmonary vascular resistance in cats, Clinical

Science 32: 361-376, 1967.

. Beckett, A. H., Row.anp, M., Triccs, FE. J. Significance of smoking in in-
vestigations of urinary excretion rates of amines in man. Nature (London)

207 (4993) : 200-201, July 10, 1965.

BIEGEL, A. A., Krvumuorz, R. A. An immunoglobulin abnormality in pulmo-
nary emphysema. American Review of Respiratory Diseases 97(2):

217-222, February 1968.

Bonomo, L., D☂Appapso, A. [131] Albumin turnover and the loss of pro-
tein into the sputum in chronic bronchitis. Clinica Chimica Acta 10:
214-222, 1964.

. Boren, H. G., Pathobiology of air pollutants. Supported by U.S. Public
Health Service Grant No. OH-00267, 1966. {Unpublished} 31 pp.

. Briscor, W. A., Duspors, A. B. The relationship between airway resistance,
airway conductance and lung volume in subjects of different age and
body size. Journal of Clinical Investigation 37: 1279-1285, 1958.

. Burrows, B., FLercHer, C. M., Hearn. B. E., Jones, N. L.. Wootuirr, J. 8.
The emphysematous and bronchial types of chronic airway obstruction.
A Clinicopathological study of patients in London and Chicago. Lancet
1( 7442) : 830-835, April 16, 1966.

Burrows, B., Nrpen, A. H., Baroc.ay, W. R., Kasix. J. E. Chronic obstruc-
tive lung disease. IT. Relationship of tlinical and physiologic findings
to the severity of airways obstruction. American Review of Respiratory
Diseases 91(5) : 665-678, May 1967.

©. CANTER, H. G., Lucusincer, P. C. Interrelationships of smoking habits.
race, and maximal terminal flow. American Review of Respiratory
Diseases 96(1) : 147-148, July 1967.

Carey, G. C. R., Dawson, T. A. J., MerRETT, J. D. Daily changes in ventila-
tory capacity in smokers and in non-smokers. British Journal of Pre-
ventive and Social Medicine 21(2) : 86-89, April 1967.

Courant, P. The effect of smoking on the antilactobacillus system in saliva.
Odontologisk Revy (Malmo) 18: 251-261, 1967.

Dawson, A. Reproducibility of spirometric measurements in normal sub-
jects. American Review of Respiratory Diseases 93(2): 264-268,
February 1966.

. De CLerce, M., TruHaut, R. Recherches sur le metalobisme du trytophane
chez le rat soumis a Vintoxication chronique par la cotinine. Etude de
Velimination urinaire et dosage dans le cerveau et les intestins de cer-
tains derives indoliques. Bulletin de la Soviete de Chimie Biologique
45(9/10) : 995-1001, 1963.

DENsEN, P. M., Jones, E. W., Bass, H. E., Brever, J. A survey of respiratory
disease among New York City postal and transit workers. 1. Prevalence
of symptoms. Environmental Research 1: 262-286, 1967.

Dove.as, J. W. B., Water, R. EL Air pollution and respiratory infection
in children. British Journal of Preventive and Social Medicine 20(1):
1-8, January 1966.

DvuBors, A. B., Borenuo, 8. ¥., Comroe, J. H., Jr. A new method for measur-
ing airway resistance in man using a body plethysmograph: Values in
normal subjects and in patients with respiratory disease. Journal of
Clinical Investigation 35: 327-335, 1956.

81



S27.

$30.

831.

8382.

$33.

S34.

S36.

S37.

S38.

839.

. Ferry, J. Pulmonary clearance after deposition of aerosols, Lekarske Prace

5(1): 5-67, 1966.

_ Fovor, J. 1, Guass, L. H., Werner, J. M. The immediate effects of smoking

on young healthy males. Presented at the Joint Session of the School

Health Section, American Public Health Association and the American

School Health Association. 05th Annual Meeting, Miami, Florida, Octo-

ber 26, 1967. [Unpublished.] 17 pp.

. GeorcapzeE, G. E. KRASNYANAKAYA. P. N. Izmeneniye v dykhatelnykh

putyakh krolikoy pri dlitel☂nom vozdeystvii tabachnym dymom, Voprosy

Onkologii 13(4) : 58-62, 1967.

- Grastaona, &. T.. Kerxer, D., Bonpurant, 8. Effect of oxygen breathing at

atmospheric pressure on pulmonary surfactant. Journal of Applied

Physiology 20: 855-858, 1965.

Gonzatez, E.. Wert, H., Zisxrxp, M. M., Georez, R. B. The value of the

single breath diffusing capacity in separating chronic bronchitis from

pulmonary emphysema. Diseases of the Chest 53(3): 229-236, March

1968.

. Goven, J. The pathology of emphysema, Postgraduate Medical Journal 41:

392-400, July 1965.

. GREEN. G. M., CAROLIN, D. The depressant effect of cigarette smoke on the

in vitro antibacterial activity of alveolar macrophages. The New England

Journal of Medicine 276(8) : 421-427, February 23, 1967.

Grece. I. The identification of the early stages of chronic bronchitis. Medi-

cina Thoracalis 24(1) : 77, 1967.

Gross. P.. pETREVILLE, R. T. P., BABYAK, M. A., Kascuak. M. To.Ker, E. B.

Experimental emphysema. Effect of chronic nitrogen dioxide exposure

and papain on normal and pneumoconiotic lings. Archives of Environ-

mental Health 16(1) : 51-58, January 1968.

Guyartr. A. R., Aupers. J. H. Factors affecting airways conductance: A

study of 752 working men. Journal of Applied Physiology 24(3) : 310-

316, March 1968.

Hacxerr, R. J... SUNDERMAN. F. W. Pulmonary alveolar reaction to nickel

carbonyl. Ultrastructural and histochemical studies. Archives of Environ-

mental Health 16(3) : 349-861, March 1968.

Hicken. P.. Heatu, D., BREWER, D, B., WHITAKER, W. The small pulmonary

arteries in emphysema. Journal of Pathology in Bacteriology 90: 107-

114, 1965.

. Hicarns, I. T. T. Final report. Studies of mining and non-mining communi-

ties in Marion County. West Virginia. Under Contract PH 86-64-89.

University of Pittsburgh, Pittsburgh. Pennsylvania, Graduate School of

Public Health. May 1, 1967. [Unpublished] 104 pp.

Hortaxp, W. W., Rep, D. D. The urbanfactor in chrouic bronchitis. Lancet

1: 445-448, February 27, 1965.

Hyatr. R. EB. Witcox, R. E. Extrathoracic airway resistance in man.

Journal of Applied Physiology 16: 326-330, 1961.

JoHANNSEN, Z.. Premrsz, J. Bezposredni wplyw palenia papierosow na

spirogram u zdrowych i chorych z rozedma pluci przewleklym niezytem

oskrazeli. Polskie Archiwum Medycyny Wewnetranej 36(6) : 783-786,

1966.

with chronic airway obstruction in London and Chicago. Thorax 22(4):

327-335, July 1967.

. Kiss, G. T. Pulmonary survey in the aged. Diseases of the Chest 49(3):

305-308, March 1966.



S41.

S42.

S44.

S40,

Kveprers, F., BEARN, A. G. A possible experimental approach to the associa-
tion of hereditary alpha-1-Antitrypsin deficiency and pulmonary emphy-
sema, Proceedings of the Society for Experimental Biology and Medicine
121: 1207-1209, 1966.

Laws, J. W., Hearp, B. B. Emphysema and the chest film. A retrospective
radiological and pathological study. British Journal of Radiology
35 (419) : 750-761, November 1962.

. LeECLarR, R. A. Recovery of culturable tobacco mosaic Virus from sputum
and thoracentesis fluids obtained from cigarette smokers with a history
of pulmonary disease. American Review of Respiratory Diseases 95(3) :
510-511, March 1967.

LiInDALL, A., MEDINA, A., GRISMER, J. T. A re-evaluation of normal pulmo-
nary function measurements in the adult female. (Notes) American Re-
view of Respiratory Diseases 95(6) + 1061-1064, June 1967.

o. Lupu. N. G., Verican, C, Histochemistry of connective-tissue mucopolysac-
charides and proteins after experimental inhalation of tobacco smoke.
Federation Proceedings [Translation Supplement} 2203. pt. 21: 407-501,
May-June 1963.

. Lerv, N. G., Verican, C., Racoveant, C. Fibrosis pulmonar por tabaco.
Prensa Medica Argentina %3(1a&) : 646-651, 1966.

. Lupu, N. G., VEtican, C., Racoveant, C. Sclerozele pulmonare. Bucharest,

Rumania, 1960. 373 pp.

. Lupu, N. G., Ventcan, C., Verican, D. Nahlyudeniya po povedu vnutrile-
gochnykh nakopleniy kislykh mukopolixakharidoy. Arkiv Patologii
(Moskva) 21(6): 51-59, 1959.

McCarrou, J.. Cassety, E. J.. Worrer, D. W., Mountain, J. D.. DiamMonp.,
J. R.. Mountain, I. M. Health and the urban environment. V. Air pollu-
tion and illness in a normal urban population, Archives of Environ-
mental Health 14(1) : 178-143, January 1967.

. McDeRMotT, M.. CouLins, M. M. Acute effects of smoking on lung airways
resistance in nurmal and bronchitic subjects. Thorax 20: 562-569, 1965.

. MepicaL Researcn Councrn. Workine PARTY oN TRIALS OF CTIEMOTITERAPY
IN Earty Cironic Broncuiris. Value of chemotherapy in early chronic
bronchitis. British Medical Medical Journal 1: 1317-1322, May 28, 1966.

02, MILLER, D.. Bonpcrant, S. Effects of cigarette smoke on the surface char-

S53.

S54.

S58,

acteristics of lung extracts. American Review of Respiratory Diseases
85(5) > 692-696, May 1962.

MILs, M., Barscn, B. F. Spontaneous pneumothorax: A series of 400 cases.
The Annals of Thoracic Surgery 1(3) : 286-297, May 1965.

MITcneLy, R. S., RYAN, 8. F., Petty, T. L.. Firtey, G. F. The significance of
morphologic chronic hyperplastic bronchitis, American Review of Res-
piratory Diseases 08 (5) : 20-729, May 1966.

. NADEL, J. A., ComRoE, J. H.. Jr. Acute effects of inhalation of cigarette smoke
on airway conductance. Journal of Applied Physiology 16¢4) : 713-716,
1961.

. NADEL, J. A., SALEM, H,, TAMPLIN, B., Tokiwa. Y. Mechanism of broncho-
constriction during inhalation of sulfur dioxide. Journal of Applied
Physiology 20: 164-167, 1965.

. NICKLAUS. T. M.. STOWELL. D. W., CHRISTIANSEN, W. R.. RENzETTI, A. D., Jr.
The accuracy of the roentgenologic diagnosis of chronic pulmonary em-
physema, American Review of Respiratory Diseases 9366) 5 S89-899,
June 1966.

NICOLAS, R. Klinisch-experimentelle Sputumuntersuchungen bei chronischer
Bronchitis. Medicina Thoracalis 21: 223-255, 1964.

83



S59.

S60.

S61,

S62.

S63.

864.

S67.

S68.

S69.

Pain, M. C. F.. Grazier, J. B., Simon, H., West, J. B. Regional and overall

inequality of ventilation and blood flow in patients with chronic airflow

obstruction. Thorax 22: 458-461, 1967.

PAPADOPOULOS, N. Metabolism of nicotine in animal tissues in vitro and

in vivo. In: Tobacco Alkaloids and Related Compounds, Proceedings of

the 4th International Symposium, held at the Wenner-Gren Center,

Stockholm, February 1964, Pp. 101-104.

Parner, J. L., ANDERSON. D. O. Kinnis, C. Cigarette smoking and respira.

tory infections in a class of student nurses. New England Journal of

Medicine 274(18) : 979-984, May 5, 1966.

PELzER. A. M., Trromson, M. L. Effect of age, sex, stature, and smoking habits

on human airway conductance, Journal of Applied Physiology 21(3):

469-476, March 1966.

PEMBERTON, J. Occupational factors in chronie bronchitis. Joint Meeting

No. 1. Section of Occupational Medicine with Section of Epidemiology

and Preventive Medicine. Chronic Bronchitis and Occupation. Proceed-

ings of the Royal Society of Medicine 61(1): 95-98, January 1968.

RanKIN, J., GEE, J. B. L., Cuosy, L. W. The influence of age and smoking

on pulmonary diffusing capacity in healthy subjects. Medicina Thora-

calis 22: 366-374, 1965.

. Rei, L. Mucous secretion and chronic bronchitis. Medicina Thoracalis 24:

40-43, 1967.

. Rew, L.. Mrcvarp, F. J. C. Correlation between radiological diagnosis and

structural lung changes in emphysema. Clinical Radiology 15: 307-311,

October 1964.

Rose, B., Puts. J. A. The immune reaction in pulmonary disease. Ar-

chives of Environmental Health 14(1): 97-110, January 1967.

Ross. C. A. C.. McoMicnaer, 8., Eapie, M, B.. Lees, A. W., Murray. E. A.,

Pinkerton, I, infective agents and chronic bronchitis. Thorax 21: 461-

464, 1966.

Ross, J. C.. Ley. G. D., Krumuorz, R. A.. Ranpart, H. A technique for

evaluation of gas mixing in the lung: Studies in cigarette smokers and

non-smokers. American Review of Respiratory Diseases 9503) 2 447-153,

March 1967.

. Senior, R. M.. FisumMawn. A. P. Disturbances of alveolar ventilation. Medi-

eal Clinics of North America 51 (2) 1408425, March 1967.

. SevcrK, M. Viiv koureni na nemoci dychadel a bronchospasmus. Rozhledy

y Tuberkulose a v Nemocech Plienich 2608) 2 571-575, 1066.

2 Syiora, K., Hamapa. A.. Magpa, ¥., OKA. Y., Emura. M., Mirani, K., Mat-

stupa, M., INove, T., SaAwar, M., Kawamsecra. 8, Oxuno, M. 11, Studies

on chronic bronchitis in Osaka. Japanese Journal of Medicine 6(2) 2 105♥

106, April 1967.

. Stuon. G. Radiology and emphysema. Clinical Radiology 15: 293-306,

October 1964.

. Stsronsson, B. G. Clinical and physiological studies on chronic bronchitis.

I. Clinical description of the patient material. Acta Allergologica 20(4) :

257-800, 1965.

. Sruis-CREMER, G. K., Watters. L. G.. SicnHer, H. 8. Chronic bronchitis

in miners and non-miners: An epidemiological survey of a community

in the gold-mining area in the Transvaal. British Journal of Industrial

Medicine 2461): 1-12, January 1967.

76. Sprectemay, J. R., Anpert. R. E., SuarsKy, &., Lippman. M. The effect of

84

acute exposure to cigarette smoke on bronchial clearance in the minia-

ture donkey. Archives of Environmental Health: 1968, (In press.)



R
M
4
]
J

S78.

S83.

S84.

x Lt

S86.

S87.

SHO,

. STANEScU, D. C., Prtat, L., GAVRILESCU, N., TrecuLescu, D. B., Crirescu, I.

Aspects of pulmonary mechanics in arc welders☂ siderosis. British Jour-

nal of Industrial Medicine 24(2) : 143-147, April 1967.

STERLING, G. M. Mechanism of bronchoconstriction caused by cigarette

smoking. British Medical Journal 3: 275-277, July 29, 1967.

. STRIEDER, D. J., Kazemi, H. Effect of body position on the alveolar-arterial

Po2 difference in smokers. Clinical Research 16(2): 474, April 1968.

. STRIEDER, D. J., Murpny, R., Kazemi, H. Hypoxemia in asymptomatic

smokers. Clinical Research 16(2): 376, April 1968.

» SUKUMALCHANTRA, Y.. WILLIAMS, M. H., Jr. Serial studies of pulmonary

function in patients with chronic obstructive pulmonary disease. Ameri-

can Journal of Medicine 39(12) : 941-945, December 1965.

. SUTINEN, S.. CurisTororipis, A. J.. Kivean. G. A., Pratt. PL, Roentgeno-

logic criteria for the recognition of nonsymptomatie pulmonary emphy-
sema: Correlation between roentgenologic findings and pulmonary path-
ology. American Review of Respiratory Diseases 91: 69-76, 1965.

TALAMO, R. C., BLENNERHASSETT, J. B., AUSTEN, K. F. Current concepts:
Familial emphysema and Alpha,Antirypsin deficiency, New England
Journal of Medicine 275(23) : 1801-1305, December 8, 1966.

THURLBECK, W. M., Ancus, G. E. The variation of Reid index measure-
ments within the major bronchial tree. American Review of Respiratory

Diseases 95(4) : 551-555, April 1967.

». Tist, G., WoLre, W.. Farrar. R., Naver. J. Role of OQ: and CO, in reversal
of changes in mechanical properties of the lung following pulmonary
vascular occlusion. Clinical Research 16(2) : 876, April 1968.

TOMANEK, A., Fiser, F. Bronchoskopicke nalezy u kuraku. Rozhledy v
Tuberkulose a v Nemocech Plicnich 27(10) : GS7-695, 1967.

WALSHE, M. M., Hayes, J. A. Respiratory symptoms and smoking habits
in Jamaica. American Review of Respiratory Diseases 96(4): 6410-644,
October 1967.

. GAMEL, N., Yousser. H. H., Prime, F. J, Airway resistance and peak ex-
piratory flow-rate in smokers and non-smokers. Lancet 1(7293) : 1237-
1238, June 8, 1963.

ZEIDBERG, L. D., Horton, R. J. M.. Laxpat, E. The Nashyille Air Pollu-

tion Study. V. Mortality from diseases of the respiratory system in re-
lation to air pollution. Archives of Environmental Health 15(2): 214
224, August 1967.

. Zwi, &., Sruis-Cremer, G. K., Du Prerz, L. A survey of pulmonary fune-
tion in male office workers. Medical Proceedings 13(23) : 569-574, No-
vember 11, 1967.

85



CHAPTER 3
 

Smoking and Cancer

Contents
Page

Introduction. ._._---.---.---2-22-2 89
Conclusions of the 1964 Report_....._._.___.._______. 89
Highlights of the 1967 Report____._.__.___.________.. 90

General Aspects of Carcinogenesis.....____________._______ 90
N-Nitrosamines.--.___.--_--.22-2 91
Polonium-210__----.------22 92
Selenium__.----_--2-8. 92
Tobacco Pesticides and Growth Inhibitors.____________ 92
Possible Fungal Contamination of Tobacco__._________. 92

Experimental Aspects of Carcinogenesis..._______._____.___ 93
Passive Inhalation of Tobacco Smoke______.___________ 93
Active Inhalation of Tobacco Smoke_________________. 93

Lung Cancer. ____--------22 94
Mortality. __--.----_--ee 94
Retrospective Studies_._____._.__..--_-__. 94
Prospective Studies.__________._..________.______... 96
Lung Cancer Relationships in Women________________.. 97
Additional Considerations and Conclusions__._________- 97

Cancer of the Oral Cavity.__.._.._..-2-_-. 99
Cancer of the Larynx_-.______-___._.------ 101
Cancer of the Esophagus.___._.______._-_._..._.6. 102
Cancer of the Pancreas______.__.__._-__-_--- 103
Genito-urinary Cancer__.__-.-._..-_---8 104

Cancer of the Bladder__________..._--____--_._ 104
Cancer of the Kidney______.__._..___-_.-.-__ee 105

Cited References_--__..__-._._-_..-888. 106
Supplemental Cancer References._._.._._..__.___.______.. 112

315-181 O♥68♥~♥♥7 87



INTRODUCTION

The primary purpose of the 1968 Supplemental Reportis to reviewthe pertinent literature that has become available subsequent. to the1967 Report. Brief mention of the conclusions of the 1964 Report andthe highlights of the 1967 Report is made to facilitate an understand-ing of the significance of the most recent information,The current. research findings should be considered in the perspec-tive of the research evidence previously reported in the 1964 (97) and1967 (92) Reports.

Conclusions oF Tre 1964 Report (97)Lung Cancer
1. Cigarette smoking is causally related to lung cancer in men: themagnitude of the effect. of cigarette smoking far outweighs all otherfactors. The data for women, thoughless extensive, point in the samedirection,
2. The risk of developing lung cancer increases with duration ofsmoking and the number of cigarettes smoked per day, and is dimin-ished by discontinuing smoking.
3. The risk of developing cancer of the lung for the combined groupof pipe smokers, cigar smokers, and pipe and cigar smokers is greaterthan for nonsmokers, but much less than for cigarette smokers. Thedata are insufficient. to warrant a conclusion for each groupindividually.

Oral Cancer
1. The causal relationship of the smoking of pipes to the develop-ment of cancerof the lip appearsto be established.2. Although there are suggestions of relationships between cancerof other specific sites of the oral cavity andthe several forms of tobaccouse, their causal implications cannot at present be stated.Laryngeal Cancer
Evaluation of the evidence leads to the judgment that cigarettesmoking is a significant factor in the causation of laryngeal cancerin the male.

E☂sophageal Cancer
The evidence onthe tobacco-esophagea] cancer relationship supportsthe belief that an association exists. However, the data are not ade-quate to decide whether the relationship is causal.

Cancer of Urinary Bladder
Available data suggest anassociation between cigarette smoking andurinary bladder cancer in the male but are not sufficient to supportjudgment on the causal significance of this association.
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Stomach Caneer

No relationship has been established between tobacco use and
stomach cancer.

HIGHLIGHTS OF THE 1967 Report (92)

Lung Cancer

1. Aditional epidemiological, pathological, and experimental data
not only confirm the conclusions of the Surgeon General's 1964 Report
regarding lung cancer in men but strengthen the causal relationship
of smoking to hing cancer in women.

2. Cessation of cigarette smoking sharply reduces the risk of dying
from lung cancerrelative to the risk of those who continue.

3. Although additional experimental studies substantiate previous
experimental data, additional research is needed to specify the tumor-
initiating and tumor-promoting agents in tobacco smoke andto eluci-
date the basic mechanisms of the pathogenesis of lung cancer.

Laryngeal Cancer

The conclusion of the Surgeon General☂s 1964 Report that cigarette
smoking is a significant factor in the causation of laryngeal cancer
in the male is supported by additional epidemiological evidence.

Other Cancers

Additional evidence supports the conclusions of the Surgeon Gen-
eral☂s 1964 Report and indicates a strong association between various
forms of smoking and cancers of the bucal cavity, pharynx, and esoph-
agus. In the absence of further information concerning the interaction
of smoking with other factors knownor suspected as causative agents,
further conclusions cannot be made at this time, although a causative
relationship seemslikely.

Additional epidemiological, clinical, and experimental data
strengthen the association bet ween cigarette smoking and cancer of the
urinary bladder, but the presently available data are insufficient. to
infer that the relationship is causal.

GENERAL ASPECTS OF CARCINOGENESIS

Since the 1967 report. recent advances in the tobacco chemistryfield

were reviewed in two articles (65, 82). The characterization of tobacco

smoke by gas chromatography and digital computer opened a new

avenue for the exploration of tobacco smoke. The first preliminary

data indicate the presence of several thousands of compoundsinto-

haceo smoke. This number far exceeds the 700-800 compounds pres-

ently identified (23).

The 1967 Report discussed the major concepts of experimental to-
bacco carcinogensis. A recent monograph by Wynder and Hoffmann

(104) thoroughlydescribes and analyzes experimental carcinogenesis

as it relates to tobacco and tobacco smoking. The reduction of tumori-

genicity is of particular concern. This can be accomplished by: (1)
reduction of total ☜tar☝ content, and (2) reduction of specific tumori-
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genic agents. It has been well established that experimental tumor
production is dose-related to the amount of ☜tar☝ in cigarette smoke
condensate (7). The amount of ☜tar☝ yield varies with parameters
such as: (1) type of tobacco, (2) curing and processing, and (3) fil-
tration. It has been demonstratedthat byselecting, curing andblending
as well as by using specific filter materials and cigarette paper, one can
significantly reduce the ☜tar☝ yield of mainstream cigarette smoke
(39,83, 88).
Over the past 15 years there has been a general decrease in the

amount of ☜tar☝ and nicotine content of cigarettes (96, 104). Onerea-
son probably is the decreased nicotine and ☜tar☝ content in the
☜lighter☝ tobaccos now being grown. Another is the increased public
demandfor☜filtered☝ cigarettes.

Increased nitrate content of tobacco and the addition of nitrate to
cigarettes has been reported to reduce the tumor vield in experimental
animals (/04). Smoke from air-cured tobacco is Jess tumorigenic than
flue or sun-cured tobacco (96. 104) and cigarettes using more sheets
and stems rather than whole leaf have been shown to be less tumori-
genic (64,104).

Also, more porous cigarette paper (7), and the additionof nitrate,
citrate, or phosphate to cigarette paper increases the burning rate of
the cigarette, thereby lowering the number of puffs taken per unit of
cigarette (/04).

Filtration will decrease the total ☜tar☝ yield (6/, 63, 96, 104), but
except for the phenolic component, commerical filters do not. selec-
tivelyfilter specific carcinogenic components from the ☜tar☝.

It has been shown that ☜tars☝ of tobacco extracts have increasing
carcinogenic properties in direct relationship to the temperature of
pyrolysis (704).

It is important to note that tobacco extractitself contains relatively
high amounts of tumor promoters. The tumor promoting activity of
tobacco extracts is of the same magnitude as that of tobacco smoke
condensate (104) but so far no clear tumorigenic relationship is evi-
dent between them (6).

N-NITROSAMINES

Despite recent publications on the presence of N-nitrosamines in
tobacco (76) and cigarette smoke (55), the present evidence must be
regarded as insufficient because of the high probability that. this is arti-
factual (66). The studies described so far have failed to identify these
agents in fresh tobacco smoke (45. 66). However, since several of the
N-nitrosamines are strong carcinogens (58) and tobacco smoke con-
tains severa) dozen secondary amines and oxides of nitrogen which
may be precursors for nitrosamines (66. 76. 80, 105), tobacco smoke
should be regarded as a potential source of N-nitrosamines.
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PoLontum-210

Newdata on polonium-210 in tobaccoleaf and cigarette smoke have

originated from various countries (8, 13, 26, 27, 28, 51, 52, 68, 89). The

polonium-210 values vary between 1-50 picocuries per 1.0 g. tobacco;

30-50 percent of it is recoverable in the mainstream smoke of ciga-

rettes without filter tips. Using specialfilter material, up to 90 percent

of the polonium-210 can be filtered out of the mainstream smoke (8).

One major source for polonium-210 in tobacco was reported to be

phosphate fertilizer (89). Analyses of human tissues demonstrated

that. lung, blood, and liver of smokers contain higher concentrations

of polonium-210 than the corresponding organs of nonsmokers (27, 40,

41, 57. 68). Rajewskyet. al. (68)estimate a daily polonium-210 inhala-

tion rate of 2 picocuries for a smoker of 20 cigarettes per day. Their

autopsy studies indicate an alpha dose exposure for the basal cells of

the subsegmental and terminal bronchi of 41 mrem and 79 mrem per

year, respectively, in smokers of 20 cigarettes per day. In view of the

fact. that. Jacobi (44) calculated a dose rate in these samebasalcells of

1-2 rem per year from the decay of naturally occuring radon and

thoronin the air, Rajewsky, et al. (68) consider it unlikely that cancer

is caused by the inhalation of polonium-210, in tobacco smoke. In

a reviewof the role of radioactive substances onthe effect of smoking,

Casarett was of a similar opinion (74).

SELENIUM

At present. thereis still no substantial evidence implicating selenium

as a respiratory carcinogen, although thisis still somewhat disputed

(29, 100,101).

Topacco Prsticipes AND GRrowTH INHIBITORS

The most widely used sucker growth inhibitor is maleic hydrazide.

This agent was recently reportedto be carcinogenic (25). Tobaccoleaf
and cigarette smoke are knownto contain organic pesticides (32, 704).

The first identified carcinogenic pesticide in tobacco and cigarette

smoke is 1,1-dichloro-2-(o-chloropheny]) -2-(p-cholorophenyl!) ethane

(op-DDD) (38. 56), which is a technical by-product of the commer-

cial insecticide p,p☂-DDD. At present there is no known evidence of

chlorinated insecticides contributing to tobacco carcinogenesis.

PossistE Funcat ConrAMINATION oF Tosacco

The mold Aspergillus flavus is known-to synthesize the carcinogens

of the aflatoxin group (17). However, a recent. investigation reported
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the absence of these agents in tobacco and cigarette smoke (90). Never-theless, further studies are indicated to evaluate the possibility thatSome tobaccos may be contaminated with carcinogens produced byfungi.

EXPERIMENTAL ASPECTS OF CARCINOGENESIS

Passive Inya.ation oF Topacco SwoxKr

In attempting to reproduce Inng cancer in experimental animals,the limitations of presently available bioassays, mainly passive inhala-tion studies, have been discussed in the previous Reports (97, 92).Large scale studies in which a variety of animals have been exposedto the passive inhalation of tobacco smoke have essentially failed inproducing squamouscell cancer of the lung (104).The difficulties with passive inhalation studies in animals relate inpart to the toxicity of carbon monoxide and nicotine. The defensive☜filtration☝ capabilities of the nasal passages and the epithelium of theupper respiratory tract, necessitate relatively high exposure levels,whichinthe case of tobacco smoke cannot adequately be accomplishedbypassive inhalation methodologies,
Some laboratory studies failed to produce squamouscell cancer inC57 black mice even though some of the animals were previouslyinoculated with Swine influenza virus (106). Harris and Negroni (35),in experiments with C57 black mice, some of which were inoculatedwith viruses, achieved some enhancement of adenocarcinoma, but didnot produce any proven squamous cell cancers,
Long-term cigarette smoke exposures in hamsters led only ocea-sionally to tracheal papillomas and not to Squamous cancer (20).However, one could sensitize these animals with diethylnitrosamineand enhance the tumor production initiated by this carcinogen by avariety of volatile irritants including tobacco smoke.

ACTIVE InnALAtion OF Tobacco SMOKE

Active tobacco smoke inhalation studies as reported in the 1967Report (92) have shown that hyperplastic and metaplastic changes☁an be produced in the lungs of dogs. These studies are expensive andit is difficult to keep the dogsalive long enoughto permit the expecteddevelopment of neoplastic transformation. Auerbach, et al. (4) incontinuing experiments with ☜smoking☝ dogs, have shown all thebronchial epithelial changes including dysplasia, which is the mostadvanced stage of pre-malignant change. More research is needed toelucidate the biomechanisms involved in the pathogenesis of lungcancer caused by tobacco smoking.
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LUNG CANCER

MortTALiry

The annual number of deaths in the United States from cancer of
the lung (ICD Code 162, 163) increased from 18,313 deaths in 1950
to 48,483 in 1965 (95). During the same period of time the crude
death rate rose from 12.2 deaths per 100,000 population to 25.0 deaths
per 100,000 population. The lung cancer age-adjusted mortality rate
for males increased from 18.5 per 100,000 population in 1950 to 39.2
per 100,000 population in 1965; while in the females, the age-adjusted
rates increased from 3.9 to 6.4 per 100,000 population over the same

period.
The age-specific death rates for males show an increase with age up

to the 65 to 74 year age group, and then a decline. On the other hand,
the female lung cancer death rates showa relatively steady increase
with age, averaging approximately 7 additional deaths per 100,000
population between each ten year age group. As a result, the male to
female mortality ratio varies from a low of 2.0 for the 25 to 34 year age
age group,to a high of 8.5 for the 65 to 74 year age group.

TABLE 1.♥Death rates per 100,000 population for lung cancer, by age
and. sex, 1965
 

  

 
 

    

Sex 25-34 35-44 45-54 55-64 65-74 75-84 85 years
years years years years years years and over

|
Males_______--_----- 12); 13.2 | 58, 2 159. 2 269. 3 226.4 152.7

Females___.__-------- 0. 6 4.4° 13.7 22.1 31.6 36. 5 45. 6

Ratio M/F___---_--- 2.0 3. 0 | 4.2) 7.2 | 8.5 6. 2 3.3

| |
 

SouRCE: National Center for Health Statistics (95).

RETROSPECTIVE STUDIES

Studies in Iceland uniquely support the evidence that the increase in
lung canceris related to the increase in cigarette consumption. Iceland

is a small country with a total population of about 200,000. There is

relativelylittle air pollution, due mainly to the use of hot water springs

instead of the combustion of fuel as a source of heating. Dungal (27)

in 1950 noted a beginning rise in lung cancer in Iceland, associated

with the rise in cigarette consumption during and after World WarIT.

Hepredicted that if the cigarette consumption continued torise, the 20

to 30 year lag in lung cancer death rates would begin to become ap-

parent during the decade 1960-1970. Thorarinsson,et.al. (87) reported

a large increase in the Jung cancer incidence in Iceland from 1931 to
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1964, corresponding to a marked increase in per capita cigarette sales.The average annual incidence of lung cancer during the 10-year pe-riod, 1955-1964, was 12.1 in men and 6.5 in women per 100,000 popula-tion. However, comparing the first and second 5-year intervals, therewas a 30 percent increase in lung cancer incidence in men and a 52 per-cent increase in women (table 2).

TABLE 2.♥Average annual incidence rates for cancer of the lung, by
sex: Iceland, 19565 to 1964

(Rate per 100,000 population]

  

 

Sex 1955-59 | 1960-64 1955-64

Males_---2-2 10.3 | 13.6 12.1Pemales_.-.-__--eee 5. 1 7.8 6.5
|

Although the total number of deaths was small, 88 percent of thehistologically classifiable tumors were of the squamous, undifferen-tiated, or oat-cell varieties, Ninety percent of the squamous, 82 per-cent of the oat-cell cancers, and 33 percentof the undifferentiated oradenocarcinomas occurred in smokers,
A small study by Guillan,et al. (37) again illustrates that. cigarettesmoking is also associated with adenocarcinoma of lung cancer. Of24 cases of adenocarcinomaof the lung in men, a smoking history couldbe determined in 22 cases. Of these, 91 percent were smokers,In a large retrospective studyof 1,787 lung cancer patients in Japanby Ishikawa (42), adenocarcinoma was the most frequent histologictype noted in both males and females who did not smoke. Squamouscell carcinoma was the most frequent histologic type in male cigarettesmokers and undifferentiated carcinoma the most frequent type infemale cigarette smokers.
Of the male and female lung cancerpatients, 22.6 and 2.9 percent,respectively, were smokers of over 30 cigarettes a day. Ishikawa com-pared this to the corresponding smoking habitsof patients in a largeongoing prospective study of Hirayama (discussed later) whichshowed only 4.8 percentof the adult males over age 40 and 0.1 percentof the adult females over age 40 smoking 30 cigarettes a day or more,Abelin, et al. (7) showed that the relative risk of lung cancer inSwitzerland was associated with heavy cigar and pipe smoking (aswell as cigarette smoking) to a much greater degree than previouslyreported. Most other studies have not shown a high association of lungcancer with cigar and pipe smoking. The authors suggest that theirfindings mightbe due to differences in either the amount smoked and/
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or the carcinogenicity of Swiss and German cigars as compared to
American cigars. The difference might also be explained by the greater
use and more frequent inhalation of small cigars in Switzerland as
compared to other countries where larger cigars are more commonly
smokedbut rarely inhaled.

PRospECTIVE STUDIES

The major, long-term, prospective studies were reviewed in the 1967
Report. The Doll and Hill (28, 79) study is still in progress, but no
new data have become available. Data collection for the Best, Ham-

mond, and Dornstudies (5, 34, 46) are completed, but various aspects
are still being analyzed and newinformation will appearin the future.

Preliminary data from a large scale prospective study (37) of

265,118 men and women in Japan show that the death rate from lung

canceris significantly higher in cigarette smokers as compared to non-

smokers for both males and females. Thereis also a positive correlation

between lung cancer death rates and both the amount smoked and the

By sex and By amount of smoking By age started smoking
smoking habit (male onty) {both sexes}
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Ficure 1♥Death rates for lung cancer, among persons age over 40 years, classi-

fied by sex and extent of cigarette smoking, and by age smoking began: Study

of 29 Health Center Districts in Japan, January 1966 to March 1967.

Source: Hirayama, T. (37)

96



age smoking began,but the number ofdeaths is too small for adequate
analysis at this time.

Lune Cancer RELATIONSHIPS IN Women

Critics have tried to throw doubt on the smoking-lung cancerrela-
tionship by saying that the lung cancer death rates for women have
increased only slightly as compared to the greater relative increase
in the number of womensmokers.

It is true that the lung cancer death rates for women are presently
much lower than the corresponding rates for men. Women presently
account for only about one-sixth of the total deaths from lung cancer.
But since 1930 the lung cancer death rate in women has increased over
400 percent. Overthe past 14 years alone this increase has been over 50
percent (94). A most likely reason for the difference in male/female
lung cancer deathrates is that womenstill have not had the same degree
of total exposureto cigarettes as have men. For instance, as late as 1955,
only 24.5 percent of the adult female population (age 18 and over)
were regular smokers compared to 52.6 percent of the adult male
population (33). In 1966 the figures show only 33.6 percent of the adult
females smoking (age 21 and over) as compared to 51.8 percent of the
adult. males. Also, the female smoker's per capita consumption was
about 26 percentless than that of the male smoker in 1955, and about.
20 percent less in 1966 (93). In addition,it has been shown that women
smoke differently than men do (99). They do not smoke cigarettes
as far to the end, where proportionally more nicotine and ☜tars☝ are
inhaled than from the first part of the cigarette. Women smoke more
filter-tip cigarettes than men, and smoke more ☜lowtar and nicotine☝
cigarettes than do men, Theyalso inhale less frequently and deeply
than men. Furthermore, cigarette smoking still tends to be heavily
concentrated in those women under the age of 50 years, prior to the age
at which lung canceris mostly likelyto occur.
An anlysis of the lung cancer deathrates (94) shows that, ☜Until

1960 the ratio of the death rate in the male population for this cause
to the corresponding death rate in the female population continued
upward. But after 1960 this ratio leveled off, reflecting the greater
relative rise in mortality from lung cancer in the female population.☝

ApbpITIonaL CoNSIDERATIONS AND CONCLUSIONS

Filter cigarettes, in general, have lower ☜tar☝ and nicotine values
than comparable non-filter cigarettes, In this respect, a study by Bross
(9), shows preliminary evidence that smokers who switched to filter
cigarettes have a decreased risk of developing lung cancer.

(rraham(30) studied the smoking habits of male lung cancerpatients
and controls. Previously he showed, on smoking machines, that dif-
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ferent patterns of cigarette smoking gave different ☜tar☝ yields. His
lung cancerpatients had significantly greater high ☜tar☝yield cigarette
smoking patterns than the controls. The risk of lung cancer increased
with increase in: (1) the mean numberof puffs per cigarette, (2) the
werage length of time taken to smoke a cigarette (except in the highest
number of puffs category) and (3) taking more puffs towards the end
of the cigarette. These findings add further support to the dose-re-
sponse relationship between lung cancer and cigarette ☜tar☝ exposure.
As pointed out in the 1964 and 1967 Reports, there appear to be

several other factors which mayalso contribute to the etiology of lung
cancer, especially in the presence of cigarette smoking. However, there
has been no evidence to refute the statement in the 1964 Report. that,
☜Cigarette smoking is causally related to lung cancer in men; the
magnitude of the effect. of cigarette smoking far outweighsall other
factors. The data for women, thoughless extensive, point in the same
direction.☝

Of particular interest are the studies of Buell, et al. (77, 12). They
reviewed various prospective and retrospective studies which showed
that the urban-rural differences in lung cancer death rates in non-
smokers were of the range of 2:1 to 4.4: 1. However, the much greater
effect of smoking on increasing the lung cancer death rates was evident
by their statement ☜that smoking can act independently of the urban
factor, the gradients among rural dwellers rising to as much as 10 to
15 fold for heavy smokers.☝ With regard to the high levels of photo-
chemicalair pollutants in Los Angeles, they concluded : ☜With controls
for cigarette smoking and lengthof residence,the risk of pulmonary
cancer in Los Angeles, where photochemical air pollution levels are
highest, was not greater than in other major metropolitan areas of
California.☝
Although photochemical air pollution might not be a contributing

factor to lung cancer mortality in man,as is the ☜sulfur dioxide☝ air
pollution found in most industrial areas, it may be too early to ascer-
tain anyeffects, since air pollution in Los Angeles only becamea prob-
lem between 1945 and 1950.

Stocks (8&4, 85) shows that per capita solid fuel consumption has a
positive correlation with lung cancer death rates but to a much lesser
degree than per capita cigarette consumption. He suggests, therefore,
thatair pollution fromsolid fuel combustion is related to lung cancer
death rates and that this might possibly be independent of cigarette
smoking. However, Stocks did not determine the specific smoking
histories of individuals who died from lung cancer.
Concurrent studies of cigarette smoking and air pollution, in the

same populations with precise smoking histories on individuals who
have died from lung cancer, might serve to clarify the probable inter-
action between cigarette smoking and air pollution or possible inde-
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pendence of cigarette smoking from air pollution as they relate to the
etiology of hing cancer.
The preponderance of evidence [1964 Report(97) .1967 Report (92),

and this report] continues to indicate that most lung cancers occur in
cigarette smokers and that cigarette smoking is the major cause of
lung cancer. A majority of lung cancercases are of the squamouscell
variety and most investigators are in agreement that squamouscell
carcinomais rare in the male nonsmoker (3, 15, 103). The elimination
of cigarette smoking would in time eliminate most lung cancer. That
this is a real goal is supported by the studyof British physicians (28,
19) reviewed in the 1967 report.

Itis not disputed that some cases of lung cancer can occur in those
people who have never smoked cigarettes or inhaled any form of
tobacco smoke. In these cases air pollution possibly plays a larger role
in the causation, but in most cases, it appears that it is the cigarette
smoker who is especially susceptible to whatever additional risk for
lung cancer maybe presented bycertain typesof air pollution or other
factors suchas asbestos or uranium dust inhalation.

CANCER OF THE ORAL CAVITY

☁The 1967 report showed that the overall death rates for oral cancer
remained about the same during the period 1950-1964. This wasin-
fluenced somewhat byrecent changes in the ICD Code.

It is interesting to note that the incidencerates of oral cancer have
also remained relatively constant. over the period 1935-1962,* in spite
of increased cigarette smoking (24). This may be explained, in part,
by the fact that the numerators of such rates often include neoplasms
coded to the International Classification of Disease, rubrics 140
through 148, These rubrics identify manyoral and pharyngeal diag-
nostic sites which do not contribute equally to either the morbidity or
mortality experience resulting from the use of tobacco. For example,
preliminaryfindings in an unpublished study by Keller (47) suggest
that salivary cancers (ICD rubric 142), unlike tongue and floor of
mouth cancers, are not associated with the tobacco habit, The fact that
pipe and cigar smoking inthis country began to be replaced bycigar-
ette smoking among men born subsequent to 1900 mayalso be signifi-
cant, although this trend has leveled off and may even have been re-
versed since the health consequences of smoking cigarettes first came
to public attention in the mid-1950's, In the population which accounts

*There is no national data collection on incidence rates of diseases. Several states haye
cancer registries which have information on the incidence of cancer in that particular
state. The data from Connecticut are generally thought to reflect the changing patterns
of cancer incidence throughout the United States. It is realized that there might be indi-
vidual state differences. References to incidence rates in this chapter section are taken
from the Connecticut data unless otherwise specified.
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BUCCAL CAVITY AND PHARYNX
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Figure 2♥-Age-adjusted rates of the incidence of cancer of the buccal cavity and

pharynx, for males and females: Connecticut, 1935-1962.

Source: Eisenberg, et al. (24).

for the bulk of oral cancer cases♥men over 45♥there has been a greater
change in the form in which tobacco is used than in the proportion of
men using tobacco.

Since pipe and cigar smoking is associated with oral cancer, with
mortality ratios not very different from those for cigarette smokers,
the constant incidence rates mayreflect the fact that the proportion of
tobacco users among men over 45 has been fairlystable.
A review of the recent retrospective studies shows a relationship

of oral cancerto all forms of the tobaceo habit (22. 26.53. 64, 77, 78. 79,

98). This includes the use, in the mucobuceal fold, of either snuff,
among women (/0, 22, 7/, 72, 81), or the betel nut quid with tobacco,

umong the residents of India and Southeast Asia (36,54, 77,78, 79,98).
Reddy has produced tumors in mice bydaily instillation of a ☜pan☝

mixture with tobacco (the same mixture used for chewing) into the
vaginas of virgin mice (69).

There is evidence that in the presence of tobacco consumption,

alcohol mayalso be a factor in the etiology of oral cancer (48, 49, 50,

97). In a recent study on male veterans, Keller concluded, ☜* * *

heavy smoking, heavy drinking and liver cirrhosis (either alone or

as a measure of heavy drinking) are associated with cancer of the
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