
(46) FROST, H. Investigations into the pathogenesis of arteriosclerosis: drug 
prophylaxis. In: Shimamoto, T., Numano, F., Addison, G.M., (Editors). 
Atherogenesis, Volume II. Proceedings of the Second International Sympo- 
sium on Atherogenesis, Thrombogenesis and Pyridinolcarbamate Treatment, 
Tokyo, May 18-261972. Amsterdam, Excerpta Medica, 1973, pp. 32-56. 

(47’) GARRISON, R.J., KANNEL, W.B., FEINLEIB, M., CASTELLI, W.P., MCNA- 
MARA, P.M., PADGETT, S.J. Cigarette smoking and HDL cholesterol. The 
Framingham Offspring Study. Atherosclerosis So: 1X25,1978. 

(48) GOLDBOLJRT, LJ., MEDALIE, J.H. Characteristica of smokers, nonsmokers and 
ex-smokem among 10,606 adult males in Israel. II. Physiologic, biochemical 
and genetic chara&ristics. American Journal of Epidemiology 195(l): 75-66, 
1977. 

(&?) GORDON, T., CASTELLI, W.P., HJORTLAND, MC., KANNEL, W.B., 
DAWBER, T.R. High density lipoprotein as a protective factor against 
coronary heart disease. The Framingham study. American Journal of Medicine 
02: 767-714, May 1977. 

(50) GORDON, T., KANNEL, W.B., MCGEE, D., DAWBER, T.R Death and 
coronary attacks in men after giving up cigarette smoking. A report from the 
Framingham study. Lancet 2: 13451348, December 7,1974. 

(51) GRAHAM, I., MULCAHY, R., HICKEY, N., SYNNOTT, M. Mode of death 
related to smoking in patients with coronary heart disease. Journal of the Irish 
Medical Association 76(7): 234235, May 14,1977. 

(Se) GREENSPAN, K., EDMANDS, R.E., KNOEBEL, S.B., FISCH, C. Some effects 
of nicotine on cardiac automaticity, conduction, and inotrophy. Archives of 
Internal Medicine 123(6): 767-712, June 1969. 

(58) HAMMOND, E.C., GARFINKEL, L., SEIDMAN, H., LEW, E.k “Tar” and 
nicotine content of cigarette smoke in relation to death rates. Environmental 
Research l2(3): 263-274, December 1976. 

(54) HARKAVY, J. Tobacco allergy in cardiovascular disease: A review. Annals of 
Allergy 26(8): 447459, August 1968. 

(55) HAUST, M.D., MORE, R.H. Spontaneous lesions of the aorta in the rabbit. In 
Roberta, J.C., Jr., Straus, R. (Editors). Comparative Atherosclerosis. The 
Morphology of Spontaneous and Induced Atherosclerotic Lesions in Animal 
and Its Relation to Human Disease. New York, Harper and Row, 1965, pp. 255 
275. 

(56) HAWKINS, L.H. Blood carbon monoxide levels as a function of daily cigarettt 
consumption and physical activity. British JoumaI of Industrial Medic& 
33(2): 123-125, May 1976. 

(57) HAYES, M.J., MORRIS, G.K., HAMPTON, JR. Lack of effect of bed rest aw 
cigarette smoking on development of deep venous thrombosis after myocardia 
infarction. British Heart Journal 38(g): 981883, September 1976. 

(58) HOLLANDER, W., PRUSTY, S., KIRKPATRICK, B., PADDOCK, J. NAGRAJ 
S. Role of hypertension in ischemic heart dii and cerebral vascular disesa 
in the cynomolgus monkey with coarctation of the aorta Circulation Re&v& 
46(5, Supplement 1): 1-70-I-83, May 1977. 

(59) HULLEY, S.B., COHEN, R., WIDDOWSON, G. Plasma high-density lipoprotein 
cholesterol level. Influence of risk factor intervention. Journal of tb 
American Medical Association -21): 22692271, November 21,1977. 

(SO) JAIN, A.C., BOWYER, A.F., MARSHALL, R.J., ASATO, H. Left ventricula 
function after cigarette smoking by chronic smokers: Comparison of norms 
subjects and patients with coronary artery disease. America1 Journal o 
Cardiology 39(l): 27-31, January 1977. 

(61) JAIN, A.K. Cigarette smoking, use of oral contraceptives, and myocardh 
infarction. American Journal of Obstetrics and Gynecology l26(3): 361-36’1 
October 1,1976. 

4-70 



(6.6) JANZON, L. Smoking cessation and peripheral circulation. A population study 
in 59yearald men with plethysmography and segmental measurements of 
systolic blood pressure. VASA 4(3): 282287,1975. 

(63) JENKINS, C.D., ROSENMAN, R.H., ZYZANSKI, S.J. Cigarette smoking. Im 
relationship to coronary heart dii and related risk factors in the Western 
Collaborative Group Study. Circulation 38(6): 11461155, December 1968. 

(64) JENKINS, C.D., ZYZANSKI, SJ., ROSENMAN, RH. Risk of new myocardkd 
infarction in middle-aged men with manifest coronary heart dii. 
Circulation 53(2): 342347, February 1976. 

(65) JENNINGS, RB. Relationship of acute ischemia to functional defects and 
irreversibiiity. Circulation 53(3, Supplement 1): 1-26-I-29, March 1976. 

(66) KAGAN, A.R., STERNBY, N.H., UEMURA, K., VANECEK, R., VIHERT, 
A.M., LIFSIC, A.M., MATOVA, E.E., ZAHOR, Z., ZDANOV, V.S. Athems& 
rosis of the aorta and coronary arteries in five towns. Bulletin of the World 
Health Organization 53(5-6): 4%5-645,1976. 

(67) KAHN, H.A., MEDALIE, J.H., NEUFELD, H.N., RISS, E., GOLDBOURT, U. 
The incidence of hypertension and associated factors: The Israel ischemic heart 
disease study. America1 Heart Journal 84(2): 171-182, August 1972 

(68) KANNEL, W.B. Epidemiologic studies on smoking in cerebral and peripheral 
vascular disease. In: Wynder, E.L., Hoffmann, D., Gori, G.B., (Editors). 
Proceedings of the Third World Conference on Smoking and Health, New 
York, June 2-5, 1975. Volume I. Modifying the Risk for the Smoker. U.S. 
Department of Health, Education, and Welfare, Public Health Service, 
National Institutes of Health, National Cancer Institute, DHEW Publication 
No. (NIH) 76l221,1976, pp. 257-274. 

(69) KANNEL, W.B. Some lessons in cardiovascular epidemiology from Framing- 
ham. American Journal of Cardiology 37: 269-262, February 1976. 

(70) KANNEL, W.B., CASTELLI, W.P. Significance of nicotine, carbon monoxide 
and other smoke components in the development of cardiovascular disease. 
U.S. Public Health Service, DHEW Publication No. (NIH) 761221, 1976, pp. 
369-381. 

(71) KANNEL, W.B. DOYLE, J.T., MCNAMARA, P.M. QUICKENTON, P., 
GORDON, T. Precursors of sudden coronary death. Factors related to the 
incidence of sudden death. Circulation 51: 696-613, April 1975. 

(72) KJELDSEN, L, ASTRUP, P., WANSTRUP, J. Reversal of rabbit atheromat+ 
sis by hyperoxia Journal of Atherosclerosis Research 10: 173-178,1969. 

(73) KJELDSEN, K., THOMSEN, H.K. The effect of hypoxia on the fine structure 
of the aortic intima in rabbits. Laboratory Investigation 33(5): 533593, 1975. 

(74) KJELDSEN, K., WANSTRUP, J., ASTRUP, P. Enhancing influence of arterial 
hypoxia on the development of atheromatosis in cholesterol-fed rabbits. 
Journal of Atherosclerosis Research 8: @X%45,1968. 

(75) KOCH, A. Smoking and peripheral arterial disease. In: Wynder, EL Hoffmann, 
D., Gori, G.B. (Editors). Pmceedings of the Third World Conference on 
Smoking and Health, New York, June %5,1975. Volume I. Modifying the Risk 
for the Smoker. U.S. Department of Health, Education, and Welfare, Pubhc 
Health Service, National Institutes of Health, National Cancer Institute, 

(76) 
DHEW Publication No. (NIH) 76l221,1976, pp. 281-283. 

LAWSON, D.H., DAVIDSON, J.F., JICK, H. OraI contraceptive use and venous 
thromhoembolism: Absence of an effect of smoking. British Medical Journal 2: 
729-736, September 17,1977. 

(‘r) LAWTON, G. Ciitte consumption and atherosclerosis. Their relationship in 
the aortic and iliac and femoral arteries. British Journal of Surgery 66(11): 
873-876, November 1973. 

4-71 



(7’8) LEVINE, P.H. An acute effect of cigarette smoking on platelet function. A 
possible link between smoking and arterial thrombosis. Circulation 48: 619-62$ 
September 1973. 

(79) LIFSIC, AM. Atherosclerosis in smokers. Bulletin of the World Health 
Organization 53(5-6): 631-638,1976. 

(80) MALINOW, M.R, MCLAUGHLIN, P., DHINDSA, D.S., METCALFE, J., 
OCHSNEE, A.J., III, HILL, J., MCNULTY, W.P. Failure of carbon monoxide 
to induce myocardial infarction in cholesterol-fed cynomolgus monkeys 
(Macaca fascicularis). Cardiovascular &asearch 10: lOl-168,1976. 

(81) MANN, J.I., INMAN, W.H.W., THOROGOOD, M. OraI contraceptive use in 
older women and fatal myocardial infarction. British Medical Journal 2: 4p5 
447, August 21,1976. 

(86) MANN, J.I., VESSEY, M.P., THOROGOOD, M., DOLL, R. Myocardial 
infarction in young women with special reference to oral contraceptive 
practice. British Medical Journal 2: 241-245, May 3,1975. 

(83) MAEKS, P., EMERSON, PA Increased incidence of deep vein thrombosis after 
myocardial infarction in nonsmokers. British Medical Journal 3(5925): 23%234, 
July 27,1974. 

(84) MCGILL, H.C., JR Atherosclerosis: Problems in pathogenesis. In: Paoletti, K, 
G&to, A.M., Jr. (Editors). Atherosclerosis Reviews, Volume 2 New York, 
Raven Press, 1977, pp. 27-65. 

(85) MCGILL, H.C., JR, (Editor). General findings of the InternationaI Athero&e- 
rosis Project. Laboratory Investigation B?(5): 498-592, May 1968. 

(86) MCGILL, H.C., JR, ROGERS, W.R., WILBUR, RL., JOHNSON, D.E. Cigarette 
smoking baboon model: Demonstration of feasibility (46119). proceedings of 
the Society for Experimental Biology and Medicine 167: 672676,1978. 

(8r) MCKUSICK, J.A., HARRIS, W.S., OTTESEN, O.E., GOODMAN, KM, 
SHELLEY, W.M., BLOODWELL,  R.D. Buerger’s disease: A distinct clinical 
and pathologic entity. Journal of the American Medical Association 181(l): 5 
12, July 7,1962. 

(88) MCMAHAN, C.A., RICHARDS, M.L., STRONG, J.P. Individual cigarette usage: 
Self-reported data as a function of respondent-reported data. AtheroscIemsis 
25(3): 477488, May/June 1976. 

(89) MCMILLAN, G.C. Development of ArteriosclemsiaThe American Journal of 
Cardiology 31: 512546, May 1973. 

(SO) MCMILLAN, G.C. Evidence for components other than carbon monoxide and 
nicotine as etiological factors in cardiovascuhu disease. In: Wynder, EL., 
Hoffmann, D., Gori, G.B. (Editors). l%ceedings of the Third World Confer- 
ence on Smoking and Health, New York, June 2-5,1975. Volume I. Modifying 
the Risk for the Smoker. U.S. Department of Health, Education, and Welfare, 
Public Health Service, National Institutes of Health, National Cancer 
Institute, DHEW Publication No. (NIH) 76l221,1976, pp. 363367. 

(91) MEDALIE, J.H., SNYDER, M., GROEN, J J., NEUFELD, H.N., GOLDBOURT, 
U., RISS, E. Angina pectoris among lO,tkXl men. 5 year incidence and 
imivariate analysis. American Journal of Medicine 55: 583594, November 

(96) M%ZR, N.E., FORDE, O.H., THELLE. D.S., MJOS, O.D. The Tromso Heart 
Study. Highdensity lipoprotein and coronary heart disease: A prospe&e 
case-control study. Lancet l(8919): 965-968, May 7,1977. 

(98) MINICK, C.R., MURPHY, GE. Experimental induction of atheroarteriosclero 
sis by the synergy of allergic injury to arteries and lipid-rich diet. II. Effect of 
a repeatedly injected foreign protein in rabbits fed a lipid-rich, choleatemi- 
poor diet. American Journal of Pathology 73(2): 265-366, November 1973. 

4-72 



(94) MJOS, O.D., THELLE, D.S., FORDE, O.H., VIK-MO, H. Family study of high 
density lipoprotein cholesterol and the relation to age and sex. Acta Medica 
Scandinavica 261(4): 323329.1977. 

(95) MORRIS, J.N., CHAVE, S.P.W., ADAM, C., SIREY, C., EPSTEIN, L., 
SHEEHAN, DJ. Vigorous exercise in leisure-time and the incidence of 
coronary heartdiaease. Lane& 1: 333339, February 17,1973. 

(96) MOSS,  AJ., DECAMILLA, J., DAVIS, H. Cardiac Death in the fit 6 months 
after myocardial infarction: Potential for mortality reduction in the early 
posthospital period. American Journal of Cardiology 39(6): 816-826, May 26, 
1977. 

(97) MULCAHY, R.. HICKEY, N., GRAHAM, I.M., MACAIRT, J. Factors affecting 
the 5-year survivsl rate of men following acute coronary heart disease. 
American Heart Journal 93(5): 556-559, May 1977. 

(98) NAEYE, R.L., TRUONG, L.D. Effects of cigarette smoking on intramyocardial 
a&eries and arterioles in man. American Journal of Clinical Pathology 68(4): 
493498, octoher 1977. 

(99) NAKAYAMA, Y. Epidemiological research in Japan on smoking and cardiovas 
cular diaeaes. In: Schettler, G., Goto, Y., Hata, Y., Klose, G. (Editors). 
Atherosclerosis IV. Pmceedings of the Fourth International Symposium, 
Tokyo, 1976. Berlin, Springer-Verlag, 1977, pp. 149-153. 

(100) OBERMAN, A., RAY, M.. TURNER, M.E., BARNES, G., GROOMS, C. Sudden 
death in patients evaluated for ischemic heart disease. Circulation 51152 
(Supplement III): 176-172, December 1975. 

(101) OMAE,  T., TAKESHITA, M., HIROTA, Y. The Hiiyama study and joint study 
on cerebrovasctdar diseases in Japan. In: Scheinberg, P. (Editor). Cerebrow 
cular w Fkceedings of the Tenth Princeton Cmferenee, New Jersey, 
1976. New York, Raven Press, 1976, pp. 235-B. 

( fO@ ORY, H.W. Association between oral contraceptives and myocardial infarction. 
A review. Journal of the American Medical Association 237(24): 26192622, 
June 18,1977. 

(103) PAUL, 0. Discussion on Dr. Dawber’s Paper (The int.erreIationship of tobaax~ 
smoke components to hyperlipidemia and other risk factors). In: Wynder, EL., 
Hoffmann, D., Gori, G.B., (Editors). proceedings of the Third World 
Conference on Smoking and Health, New York, June 2-5, 19’75. Volume I. 
Modifying the Risk for the Smoker. U.S. Department of Health, Education, 
and WeIfare, Public HeaIth Service, National Institutes of Health, National 
Cancer Institute, DHEW Publication No. (NIH) 761221, 1976, pp. 293-295. 

(104) PEARSON, T.A., DILLMAN, J.M., SOLEZ, K., HEFTINSTALL, RH. Clomd 
markers in the study of the origin and growth of human atherosclemtic 
lesions. Circulation F&sear& 43(l): 16-13, July 1978. 

(105) PEARSON, T.A., WANG, A, SOLEZ, K., HEPTINSTALL, R.H. ClonaI 
chamcte&ics of fibrous plaques and fatty streaks from human aortas. 
American Journal of Pathology 81(2): 379387, November 1975. 

(106) PETITTI, D.B., WINGERD, J. Use of oral contraceptives, cigarette smoking, 
and risk of subarachnoid haemorrhage. Lancet 2: 234236, July 29,1978. 

(107) THE POOLING PROJECT RESEARCH GROUP. Relationship of blood 
pressure, serum cholesterol, smoking habit, relative weight and ECG 
abnormalities to incidence of major coronary events: Final report of the 
Pooling Project Journal of Chronic Dii 31(4): #11308, April 1978. 

(l@) REEVES, TJ., OBERMAN, A., JONES, W.B., SHEFFIELD, LT. Natural 
history of angina pectmis. American Journal of Cardiology 33: 423-436, Mamh 
1974. 

(I@‘) RFJCHENBACH, D.D., MOSS, N.S., MEYER, E Pathology of the heart in 
sudden cardii death. The American Journal of Cardiology 39(6): 365-872, May 
26.1977. 

4-73 



(110) REID, D.D., HAMILTON, PJ.S., MCCARTNN, P., ROSE, G., JARRETT, R.J., 
KEEN, H. Smoking and other risk factors for coronary heart-diseaee in BrIt& 
civil servanta. Lancet !2(7993): 979984, November 6,1976. 

(111) RESEARCH COMMIZTEE OF THE SCCTTISH SOCIETY OF PHYSICIANS, 
I&aemic heart disease. A secondary prevention trial using clofibrate. Report 
by a Research Committee of the Scottish Society of Physicians. British Medical 
Journal 4: 775-784, December 35,197l. 

(116) RHOADS, G.G., BLACKWELDER, WC., STEMMERMAN, G.N., HAYASHI, 
T., KAGAN, A. Coronary risk factors and autopsy findings in Japaneae- 
American men. Laboratory Investigation 38(S): 394311,1978. 

(118) ROBICSEK, F., DAUGHERTY, H.K., MULLEN, D.C. MASTERS, T.N., 
NARBAY, D., SANGER, P.W., COOK, J.W. The effect of continued cigarette 
smoking on the patency of synthetic vascular grafta in Leriche syndro~. 
ColIected Works on Cardio-pulmonary JXkzaae 29: 6%70, December 1975. 

(114) ROCK, W., OALMANN, M., STRONG, J. Community pathology of myocluldial 
leeions in men 36 to 44 years of age. Laboratory Investigation 33(S): 433, 
March 1975. (Abstract) 

(115) ROSE, G., REID, D.D., HAMILTON, PJ.S., MCCARTNEY,  P., KEEN, H., 
JARRETT, R.J. Myocardial iachaemia, risk factors and death from ammary 

w. Lancet l(8693): 105169, January 15,1977. 
(116) R&MAN, R.H., BRAND, RJ., SHOLTE, RI., FRIEDMAN, M. Multivariate 

prediction of coronary heart disease during 8.5 year follow-up in the Western 
Collaborative Group Study. American Journal of Cardiology 37(5): 963910, 
May 1976. 

(llr) ROSS, R., GLOMSET, J.A. The pathogenesia of atheroacId (Parta One and 
Two). New England Journal of Medicine Z%(7): 369377, Auguet l&l976 and 
Z95(8): 426425, August 19,1976. 

(118) RUBERMAN, W., WEINBLATT. E., GOLDBERG, J.D., FRANK, C.W., 
SHAPIRO, S. Ventricular premature beats and mortality after myocardbl 
infarction. The New England Journal of Medicine 297(14): 75@757, October 6, 
1977. 

(119) ST. CLAIR, R.W. Metabolism of the arterial wall and athemacIerosis. In: 
Paoletti, R., Gotto, A.M. Jr. (Editors). Atherosclemais Reviews, Volume 1. New 
York, Raven Press, 1976, pp. 61-117. 

(I%?) SCHIEVELBEIN, H. The evidence for nicotine as an etiologicaI factor in 
cardiovascular disease. In: Wynder, E.L., Hoffmann, D., Gori, G.B. (Editora). 
Mngs of the Third World Conference on Smoking and Health, New 
York, June 3-5, 1975. Volume I. Modifying the Risk for the Smoker. U.S. 
Department of Health, Education, and WeIfare, Public He&h Service, 
National Institutes of Health, NationaI Cancer Institute, DHEW Publication 
No.(NIH) 761221,1976, pp. 297867. 

(121) SELTZER, C.C. Effect of smoking on blood pressure. American Heart JournaI 
87(5): 556564, May 1974. 

(I.%?) SHAPIRO, S., WEINBLATT, E., FRANK, C.W., SAGER, RV. Incidence of 
coronary heart dim in a population insured for medical care (HIP). 
Myocard& infarction, angina pectoris, and possible myoc&iaI infarction. 
American Journal of Public Health 59 (Supplement 6): l-101, June 1969. 

(163) SKINHOJ, E., OLESEN, J., PAULSON, O.B. Influence of smoking and nicotine 
on cerebral blood flow and metabolic rate of oxygen in man JournaI of 
Applied Phyabbgy 35(6): 839-833,1973. 

(194) SLONE, D., SHAPIRO, S., ROSENBERG, L., KAUFMAN, D.W., HARTZ, SC., 
ROSSI, A.C.; STOLLN, P.D., MIEH’TINEN, O.S. Relation of cigarette 
smoking to myocardial infarction in young women. New England Journal of 
Medicine 398@3): 1273-1276, June 8,1978. 

4-74 



(14 SMALL, D.M. Cellular mechanisms for lipid deposition in atherosclerosis (Parts 
One and Two). The New England Journal of Medicine 297(16): 878-877, 
October 20,1977 and 297(17): 924-826, October 27,1977. 

(1s) SMITH, E.B., SMITH, RH. Early changes in aortic intima. In: Paoletti, R, 
Gotto, A.M., Jr. (Editors). Atherosclerosis Reviews, Volume 1. New York, 
Raven Press, 1976, pp. 119-136. 

(I$?) SPAIN, D.M., BRADESS, V.A. Sudden death from coronary heart disease: 
Survival time, frequency of thrombi, and cigarette smoking. Chest 58(2): 107- 
110, August 1970. 

(188) SPAIN, D.M., SIEGEL, H., BRADESS, V.A. Women smokers and sudden death. 
The relationship of cigarette smoking to coronary disease. Journal of the 
American Medical Association 224(7): 1665-1667, May 14,1973. 

(les) STAMLER, J., RHOMBERG, P., SCHOENBERGER, J.A., SHEKELLE, RB., 
DYER, A., SHEKELLE, S., STAMLER, R., WANNAMAKER, J. Multivariate 
analysis of the relationship of seven variables to blood pressure: Findings of 
the Chicago Heart Association Detection Project in Industry, 1967-1872 
Journal of Chronic Dii 28(10): 527548, November 1975. 

(280) STENDER, S., ASTRUP. P., KJELDSEN, K. The effect of carbon monoxide on 
cholesterol in the aortic wall of rabbits. Atherosclerosis 23(4): 357367, 
December 1977. 

(I%) STRGNG, J.P., OMAR, P. (CHAIRMKN). Workshop 3. Epidemiology of 
atherosclerosis and geographic differences in risk factors. In: Schettler, G., 
Goto, Y., Hata, Y., KIose, G. (Editora). Atherosclerosis IV. Proc&dings of the 
Fourth International Symposium, Tokyo, 1976. Berlin, Springer-Verlag, 1977, 
pp. 92120. 

(188) STRONG, J.P., RICHARDS, ML Cigarette smoking and atherosclerosis in 
autopsied men. Atherosclerosis 23(S): 451-476. May/June 1976. 

(188) STRONG, J.P., SC&BERG, L.A., RKSTREPG, C. AtheroscIerosis in persons with 
coronary heart disease. Laboratory Investigation 18(5): 527-537, May 1968. 

(184) TALBG’IT, E., KULLJZR, L.H., DETRE, K., PERPER, J. Biologic and 
p~ychmocial risk factors of sudden death from coronary disesae in white 
women. The American JournaI of Cardiology 39(6): 353-364, May 26,1977. 

(135) THOMAS, W.A., FLORENTIN, RA., REINER, J.M., LEE, W.M., LEE, K.T. 
AItaratiom in population dynamics of arterial smooth muscle cells during 
atherogeneais. IV. Evidence for a polyclonal origin of hypercholesterolemic 
diet-induced atherosclerotic lesions in young swine. Experimental and 
Molecular Pathology 24: 244-260,1976. 

(136) TOPPING, D.L. Metabolic effects of carbon monoxide in relation to atherogene- 
sia Atherosclerosis 26(2): 129-137, February 1677. 

(13’) TRUMP, B.F., MERGNER, WJ., KAHNG, M.W., SALADINO, AJ. Studies on 
the subcellular pathophysiology of ischemia Circulation 53(3) Supplement 1: I- 
17-I-26, March 1976. 

(W U.S. PUBLIC HEALTH SERVICE The Health Consequences of Smoking. A 
Reference Edition: 1976. U.S. Department of Health, Education, and Welfare, 
Public HeaIt.h Service, Center for Disease Control, HEW Publication No. 
(CDC) 78-8357,1976,657 pp. 

(1s) VESSELINOVITCH. D., wrssm ~w., FISHERDUX~A, K., HUGHES, R, 
DUBIEN, L. Regression of atherosclerosis in rabbits. Part 1. Treatment with 
low-fat diet, hyperoxia, and hypolipidemic agents. AtheroscIeroais 19: 259-275, 
1974. 

(I@) VESSN, M.P., DOLL, R. Investigation of relation between use of oral 
contraceptives and thromboembolic disease. A further report. British Medical 
Journal 2(5658): 651657, June 14,196!% 

4-75 



(241) VETERANS ADMINISTRATION COOPERATIVE UROLOGICAL RE 
SEARCH GROUP. Treatment and survival of patients with cancer of the 
prostate. Surgery, Gynecology and Obstetrics I24(5): 1011-1017, May 1967. 

(I&?) VISMARA, L.A., VERA, Z., FOERSTER, J.M., AMSTERDAM, E.A., MASON, 
D.T. Identification of sudden death risk factors in acute and chronic coronary 
artery disease. American Journal of Cardiology 39(6): 321-323, May 26,1977. 

(145) VON AHN, B. Tobacco smoking, the electmcardiogram, and angina pectoris. 
Annals of the New York Academy of Sciences 99(l): 196-193, September, 1966. 

(I&) WAGNER, W.D., ST. CLAIR, R.W., CLARKSON, T.B. Angiochemical and 
tissue cholesterol changea of Macaca faacicularis fed an atherogenic diet for 3 
yeara. Experimental and Molecular Pathology 23(2): l&153, April 1973. 

(I&) WALD, NJ. Carbon monoxide as an aetiological agent in arterial disease- 
Some human evidence. In: Wynder, E.L., Hoffmann, D., Gori, G.B. (Editors). 
ProceedInga of the Third World Conference on Smoking and Health, New 
York, June 25, 1975. Volume I. Modifying the Risk for the Smoker. U.S. 
Department of Health, Education, and Welfare, Public Health Service, 
National Institutea of Health, National Cancer Institute, DHEW Publication 
No.(NIH) 76l221,1976, pp. 349-361. 

(146) WALD, N., HOWARD, S., SMITH, P.G., KJELDSEN, K. Association between 
atherosclerotic diseases and carboxyhaemoglobin levels in tobacco smokers. 
British Medical Journal 1: 761-765, March 31,1973. 

(147) WANSTRUP, J., KJELDSEN, K., ASTRUP, P. Acceleration of spontaneous 
intimal-subintimal changea in rabbit aorta by a prolonged, moderate carbon 
monoxide expceure. Acta Pathologica et Microbiologica Scandinavica 75(3): 
x&3* 1969. 

(148) WEBSTER, W.S., CLARKSON, T.B., LGFLAND, H.B. Carbon monoxide- 
aggravated atherosclerosis in the squirrel monkey. Experimental and Molecu- 
lar Pathology 13: 36-59,1970. 

(149) WEINBLA’IT, E., FRANK, C.W., SHAPIRO, S., SAGER, RV. Prognostic 
factor in angina pector%-A prospective study. Journal of Chronic Diseases 
21: 231-245, July 1963. 

(1.50) WEINBLATT, E., SHAPIRO, S., FRANK, C.W., SAGER, R.V. Prognosis of 
men after first myocardial infarction: Mortality and fit recurrence in 
relation to aelected parameters. American Journal of Public Health 53(a): 
1329-1347, August 1966. 

(151) WEINROTH, LA., HERZSTEIN, J. Relation of tobacco smoking to arteriosclc- 
rosis obliterans in diabetes mellitus. Journal of the American Medical 
Association 131(3): #)5#)9, May 1946. 

(Isa) WEISS, N.S. Cigarette smoking and arteriosclerosis obliterans: An epidemiolog- 
ic approach. American Journal of Epidemiology 95(l): 17-26,1972 

(153) WESSLER, S., MING, S.-C., GUREWICH, V., FREIMAN, D.G. A critical 
evaluation of thromboangiitis obliterans. The case against Buerger’s disease. 
New England Journal of Medicine 262(23): 115&1169, June 9,1969. 

(154) WILHELMSEN, L. Recent studies on smoking and CVD epidemiology: 
Scandinavia and some other Western European countries. In: Steinfeld, J., 
Griffiths, W., Ball, K., Taylor, RM. (Editors). Proceedings of the Third World 
Conference on Smoking and Health, New York, June 2-5, 1975. Volume II. 
Health Consequences, Education, Cessation Activities and Social Action. U.S. 
Department of Health, Education, and Welfare, Public Health Service, 
National Institutes of Health, National Cancer Institute, DHEW Publication 
No. (NIH) 77-1413,1977, pp. 171-177. 

(155) WISSLER, R-W., VESSELINOVITCH, D., GETZ, G.S. Abnormalit ies of the 
arterial wall and ita metabolism in atherogenesis. Progrem in Cardiovascular 
Diseases 13(5): 341369, March/April 1976. 

4-76 



(156) WOLINSKY, H. A new look at atherosclem&. Cardiovascular Medicine: 41-54, 
September 1976. 

(1.57) WRAY, R, DEX’ALMA, RG., HUBAY, C.H. Late occlusion of aortofemord 
bypass grafta: Influence of cigarette emoking. Surgery 70(6): !36&973, 
December 1971. 



5. CANCER. 

National Cancer institute 



CONTENTS 
Introduction .............................................................. 9 

Lung Cancer ............................................................. 9 
Trends in Lung Cancer Mortality ........................... 10 
Epidemiological Studies ........................................ 11 
Dose-Response Relationships .................................. I2 

Number of Cigarettes Smoked Per Day.. ........ .12 
Age at Which Smoking Began.. ...................... I3 
Inhalation of Cigarette Smoke ........................ 14 
Tar and Nicotine Content of Cigarettes.. ........ .15 

Lung Cancer in Women ....................................... 16 
Trends in Cigarette Consumption 

among Females ......................................... 16 
Epidemiological Studies ................................. .20 
Dose-Response Relationships ........................... 21 
Patterns of Cigarette Use.. ........................... .21 

Twins ................................................................ 23 
Lung Cancer and the Use of Other Forms 

of Tobacco ...................................................... 23 
Histology of Lung Cancer.. .................................. .23 
Cessation of Smoking ........................................... 24 
Lung Cancer and Air Pollution.. ........................... .25 
Lung Cancer and Occupational Factors.. ................ .2’7 

Asbestos ...................................................... 28 
Uranium Mining ........................................... 2x3 
Nickel ......................................................... 23 
Chloromethyl Ethers ..................................... 29 

Animal Studies ................................................... 29 
Skin Painting and Subcutaneous Injections ...... .2!9 
Tracheobronchial Implantation and Instillation .. .29 
Inhalation Carcinogenesis ............................... 30 
Nitrosamines ............................................... .30 
Phagocytosis ............................................... .31 

Conclusions ........................................................ .31 

CanCer of the Larynx.. ............................................. .32 
Epidemiological Studies ....................................... .33 
Asbestos ........................................................... .u 
Animal Studies ................................................... 34 

5-3 



Conclusions ......................................................... 36 

Oral Cancer ............................................................ .39 
Epidemiological Studies ....................................... .39 
Other Fcmns of Tobacco.. .................................... .4fl 
Other Risk Factors.. ........................................... .&I 
Leukoplakia ........................................................ 41 
Animal Studies ................................................... 41 
Conclusions ......................................................... 42 

Caner of the Esophagus ........................................... .42 
Epidemiological Studies ....................................... .a 
Other Forms of Tobacco Use ................................ 43 
Other Risk Factms ............................................. .43 
Autopsy Studies ................................................. .44 
Animal Studies .................................................. .bi 
Conclusions ........................................................ .44 

Cancer of the Urinary Bladder and Kidney.. ................ .45 
Bladder Cancer ................................................... 45 

Epidemiological Studies ................................. .45 
Other Risk Factors.. .................................... .47 
Animal Studies ............................................ .4’7 

Kidney Cancer.. ....................... .I ........................ .4? 
Epidemiological Data .................................... .47 

Conclusions ........................................................ .49 

Cancer of the Pancreas ............................................. .59 
Epidemiological Studies ....................................... .50 
Other Risk Factors.. ........................................... .51 
Animal Studies ................................................... 51 
Conclusions ........................................................ .53 

Mechanisms of Carcinogenesis .................................... .53 
Smoke Composition ............................................. .53 
Experimental Models.. ......................................... .53 
Concepts of Carcinogenesis ................................... .54 
Aryl Hydrocarbon Hydroxylase ............................. .57 
Multi-Stage Model of Carcinogenesis ...................... .58 

References .............................................................. .59 

5-4 



LIST OF FIGURES 
Figure l.-Relative risk of lung cancer for males, by 

number of cigarettes smoked per day and long-term use 
of filter (F) and nonfilter (NF) cigarettes . . . . . . . . . . . . . . . . . . 18 

Figure 2.-Relative risk of lung cancer for females, by 
number of cigarettes smoked per day and long-term use 
of filter (F) and nonfilter (NF) cigarettes . . . . . . . . . . . . . . . . . . 19 

Figure 3.-Lung cancer mortality in continuing cigarette 
smokers and nonsmokers as a percentage of the rate 
among ex-cigarette smokers at the time they stopped 
smoking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

Figure 4.--Relative risk of developing larynx cancer for 
males, by number of cigarettes smoked per day and use 
of filter and nonfilter cigarettes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.5 

Figure 5.--Relative risk of developing larynx cancer for 
females, by number of cigarettes smoked per day and 
use of filter and nonfilter cigarettes . . . . . . . . . . . . . . . . . . . . . . . . . 36 

Figure 6.-Relative risk of developing larynx cancer for 
male ex-smokers, by years of smoking cessation . . . . . . . . . . 37 

Figure ‘I.-Relative risk of developing larynx cancer for 
female ex-smokers, by years of smoking cessation . . . . . . . 33 

Figure 8.--Relative risk of pancreatic cancer in males, by 
number of cigarettes smoked . . . . . . . . . . . . . . . . ..*....*.........*. 52 

LIST OF TdsLES 
Table I.-Lung cancer mortality ratios-prospective 

studies.. . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12 

5-5 



Table Z.-Lung cancer mortality ratios for males, by 
current number of cigarettes smoked per day, from 
selected prospective studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

Table 3.-Lung cancer mortality ratios for males, by age 
began smoking, from selected prospective studies . . . . . . . . 14 

Table $.-Lung cancer mortality ratios for males, by 
degree of inhalation, from selected prospective 
studies . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I.. . ,... 15 

Table 5.-Age-adjusted lung cancer mortality ratios for 
males and females, by tar and nicotine in cigarettes 
smoked.. . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16 

Table 6.-Age-adjusted lung cancer mortality ratios for 
males and females, comparing those who smoked a few 
high T/N cigarettes with those who smoked many low 
T/N cigarettes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

Table ‘I.-Mortality rates for lung cancer and cancer of 
the respiratory tract for white females in the United 
States per 100,000 population for selected years: 1940 to 
1976 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Table %-Percent of adult population who were current 
cigarette smokers in selected years in the 
United States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Table 9.-Percent of teenagers who were current cigarette 
smokers in selected years in the United States . . . . . . . . . . . 21 

Table lO.-Lung cancer mortality ratios for women- 
prospective studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

Table Il.-Lung cancer mortality ratios for females, by 
number of cigarettes smoked per day: A.C.S. 25-State 
Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Table 12.-Lung cancer mortality ratios for females, by 
number of cigarettes smoked per day: Haenszel and 
Taeuber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Table 13.-Lung cancer mortality ratios for females, by 
duration of smoking: Swedish Study . . . . . . . . . . . . . . . . . . . . . . . . . 22 

5-6 



Table 14.-Lung cancer mortality ratios for females, by 
degree of inhalation: A.C.S. 25-State Study . . . . . . . . . . . . . . . . 22 

Table E-Lung cancer mortality ratios in ex-cigarette 
smokers, by number of years stopped smoking . . . . . . . . . . . . 25 

Table 16.-Mortality ratios for cancer of the larynx- 
prospective studies.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

Table 1’7.-Mortality ratios for cancer of the oral cavity- 
prospective studies.. . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

Table 18.-Mortality ratios for cancer of the esophagu- 
prospective studies.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

Table lg.-Bladder cancer mortality ratios-prospective 
studies.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .46 

Table 20.-Kidney cancer mortality, ratios and relative 
risks: selected prospective and retrospective studies . . . . .48 

Table 21.-Kidney cancer mortality ratios, by amount 
smoked: U. S. Veterans Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Table 22.--Pancreatic cancer mortality ratios-prospective 
studies... . . . . ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .., . . . . 51 

Table 23.-Mortality ratios for cancer of the pancreas 
among Swedish subjects, aged 1869, by sex and 
amount smoked.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .52 

Table 24-Carcinogenic, promoting, and ciliatoxic agents 
in the gas phase of tobacco smoke . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

Table 25.-Carcinogenic agents in the particulate phase 
of tobacco smoke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

Table 26.-Tumor promoters and co-carcinogens in the 
particulate pha& of tobacco smoke . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 

5-7 



Introduction 

Cancer has been the second leading cause of death in the United States 
since 1937. There were an estimated 390,000 deaths from cancer in 1978 
(4). The association between tobacco smoking and the development of 
lung cancer was first suggested in the 1920’s and early 1930’s (159, 
2~). In the early 1950’s, more than a dozen retrospective studies were 
published which first generally alerted the medical and scientific 
community to the health hazards associated with cigarette smoking. 
The public was informed of the results of these studies, and as a 
consequence there was a significant, but brief, dip in the per capita 
consumption of cigarettes. The next decade brought an intensive 
worldwide investigation into the various diseases associated with 
cigarette smoking. The first official statement on smoking and health 
by the U.S. Government was contained in the Report of the Advisory 
Committee to the Surgeon General of the U.S. Public Health Service, 
which was released 15 years ago. The evidence available at that time 
warranted the conclusion that “Cigarette smoking is causally related 
to lung cancer in men; the magnitude of the effect of cigarette 
smoking far outweighs all other factors. The data for women, though 
less extensive, point in the same direction. The risk cf developing lung 
cancer increases with the duration of smoking and the number of 
cigarettes smoked per day, and is diminished by discontinuing 
smoking” (2133. In the 15 years since the 1964 Surgeon General’s 
Report was published, these conclusions have been confirmed by 
numerous investigations in many countries. Cigarette smoking has also 
been implicated as a significant cause of cancer of the larynx, oral 
cavity, esophagus, urinary bladder, kidney, and pancreas. As data 
concerning the relationship of smoking to the development of cancer at 
various sites became available, they were summarized and published in 
the annual issues of the Health Consequences of Smoking (209, 210, 
211,212,212a,213,214,215,216). 

This chapter reviews the epidemiological and experimental data for 
each of the cancer sites associated with cigarette smoking. Discussions 
of the specific cancers are presented sequentially, based on the 
strength of the association with cigarette smoking: cancer of the lung, 
larynx, oral cavity, esophagus, urinary bladder, kidney, and pancreas. 

Lung Cancer 
This year more people in the United States will die from lung cancer 
than from any other malignant disease. In 1950, when the nation first 
became generally‘ aware that there was an association between 
smoking and lung cancer, there were 18,313 lmg cancer deaths. In 
l96% there were 45,838 deaths from lung cancer. The National Center 
for Health Stat’ t’ IS its reported that in 1976 there were 86,267 deaths 
from lung cancer in the United States (150). It is estimated that there 
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were 92,400 deaths from lung cancer in 1978 (4). For every preventable 
death from highway accidents, there were approximately two deaths 
from lung cancer which could have been prevented if the individual 
had not smoked cigarettes. There are about 230 deaths from lung 
cancer each day in the United States. 

This epidemic increase in lung cancer is reflected in rapidly changing 
mortality rates in both men and women. The mortality rate for men in 
1950 was 19.9/1OO,OOO/year. This rose to 41.4 in 1964, and to 63.0 in 
1976. The comparable figures for white females were 4.7 in 1950 and 
8.0 in 1965, and climbing rapidly to 19.5 in 1976 (Table 7). 

According to results from the National Cancer Institute’s Surveil- 
lance, Epidemiology, and End Results (SEER) Program, the mortality 
rates for black males and females are higher than for whites. In 1976, 
the lung cancer mortality rate for black males was 93.0, for black 
females it was 17.4 (154). Due to recent increases in death rates among 
females, the ratio of male to female mortality for lung cancer has 
dropped from 7:l to less than 4:l. 

While recent years have seen dramatic increases in relative survival 
rates for acute leukemias in children, Hodgkin’s disease, multiple 
myeloma, and certain other malignancies, there has been little increase 
in survival rates for lung cancer. The 5-year survival rate for lung 
cancer in all states is 8 percent for males and 12 percent for females 
(151). The difference in survival rates between males and females can 
be explained by sex-specific differences in histology or stage of the 
disease. 

Trends in Lung Cancer Mortality 
In the United States there has been in the past few years a significant 
reduction in the percent of males and females who smoke cigarettes. 
As yet, there has not been a decline in the age-adjusted tot& mortality 
rates for lung cancer. When the lung cancer mortality rates by age are 
examined from 1950 through 1975, there is a continuining increase in 
older age groups for both males and females. This is probably due to 
the elevated risk experienced by older persons who use nonfiltered, 
high tar and nicotine cigarettes and who have done so for the majority 
of their lives. However, for female cohorts born in 1950-54 and male 
cohorts born in 193539 and 194044, the age-.speci& lung cancer 
mortality rates are below those of previous cohorts. This probably 
results from the reductions in cigarette consumption which have 
occurred in these groups. 

There has been a change in the epidemic of lung cancer in England 
and Wales, as summarized by the International Union Against Cancer 
(UICC) workshop on the biology of cancer (Z.&?): 

In England and Wales, lung cancer mortality stopped increasing in 
men under the age of 50 years during the 1950’s and more recently 
has fallen in men under the age of 60 years. The death rate from 
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lung cancer in women ages 40 years and over has continued to rise, 
but has leveled, or fallen in younger women since the 196O’s...The fall 
in lung cancer mortality among men under the age of 60 years is 
likely to be due to their reduced consumption since the end of the 
Second World War, and to the reduction in the tar yield of cigarettes 
since 1955; particularly with the change to filter cigarettes. 
Although lung cancer mortality in women over 40 years has 
continued to increase along with their cigarette consumption, it is 
unlikely that the incidence of lung cancer will ever reach the high 
levels recorded in men, because the increasing cigarette consumption 
by women has been, and is continuing to be compensated for by a 
decrease in tar yield. 

Epidemiological Studies 

The first comprehensive reviews of the effects of smoking on lung 
cancer were published in 1962 and 1964 by the Royal College of 
Surgeons of London and the Surgeon General of the United States, 
respectively (171, 217). They included data from studies on epidemiolo- 
gy, profiles of the consumption of tobacco, the composition and 
carcinogenicity of components of tobacco smoke, the effects of smoke 
on experimental animals, and the pathological changes observed in 
humans and animals. The conclusions reached in these assessments and 
by all of the periodic reviews that have followed at regular intervals 
(209, 210, 211, 212, 212q 213, 214, 215, 216) are impressively uniform 
and consistent. So much so that it has been observed that the results of 
any one of the major studies might be taken to represent all of them. 

There have been at least nine major prospective epidemiological 
studies which have examined the relationship between cigarette 
smoking and mortality from various causes. The results of eight of 
these studies are related to cigarette smoking and lung cancer and are 
presented in Table 1. The lowest mortality ratios are experienced by 
female smokers. The mortality ratios for male cigarette smokers are as 
low as 3.35 for Japanese males and as high as 14.0 for British doctors 
and Canadian veterans. Combining the data from the largest studies 
allows the conclusion that cigarette smokers on the average are 10 
times as likely to develop lung cancer as nonsmokers. The mortality 
ratios are much higher for heavy cigarette smokers. This will be 
detailed in the section on dose-response relationships. 

In the past 30 years, more than 50 retrospective studies on the 
relationship between cigarette smoking and lung cancer have been 
Published. These data are too extensive for convenient summarization; 
they have been reviewed in recent issues of the Health Consequences 
*f Smoking (212,212a, 213,214,215). 
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TABLE l.-Lung cancer mortality ratios-prospective studies 

Population sii Number 
of deaths Nonsmokers Cigamtte 

SmdterS 

British 
doctms(b?a) 

Swedish 
study@?) 

Japanese 
study( 77a,78) 

A.C.S. 26- 
State Study(65) 

U.S. veterans(90) 

34,000 males 

27,000 males 
23,060 females 

122,066 males 
143,060 females 

440,000 males 
562,lXUl females 

239,000 males 

Canadian 
veterans(~) 

A.C.S. 9- 
State Study@@ 

California male3 
in 9 owupa- 
tions(228) 

78,CdlO male3 

188,oM) males 

68,qoO males 

441 1.00 14.0 

55 1.60 8.2 
8 1.66 4.5 

590 1.06 3.76 
148 1.60 203 

1,159 1.00 920 
133 1.00 2.20 

1zsS 1.00 1214 

331 

448 

368 1.00 7.61 

1.00 14.2 

1.06 10.73 

Dose-Response Relationships 
An important factor in the causal relationship betwe& smoking and 
lung cancer. is the demonstration of dose-response relationships. In 
most epidemiological studies, dosage has been measured by the number 
of cigarettes smoked per day at the time of entry into the study. Other 
dose variables which have been examined include the maximum 
number of cigarettes smoked per day, the age an individual began 
smoking, the degree of inhalation-of tobacco smoke, the total number 
of years an individual has .smoked, the total lifetime number of 
cigarettes smoked, tar and nicotine levels of the brand of cigarettes 
used, the number of puffs per cigarette, the length of the unburned 
portion of the cigarette, and combinations of these variables into 
“dosage” scores. All of these variables have been shown- in one study or 
another to contribute to the risk of developing lung cancer. Only a few 
representative samples of dosage variables as related to lung cancer 
mortality are examined in this section. 

Number Of Cigarettes Smoked Per Day 
‘rhe risk of developing lung cancer increases with the number of 
cigarettes smoked per day. In the U.S. and British populations, the risk 
of developing lung cancer for individuals smoking more than two packs 
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TABLE 2.-Lung cancer mortality ratios for males, by current 
number of cigarettes smoked per day, from selected 
prospective studies 

smoked 
per day 

Mortality 
ratio 

A.C.S. 25- 
state study(65) Nonsmoker 1.00 

l-9 4.62 
lo-19 8.62 
2039 14.69 
40+ 18.77 

British 
dcctors(l7a) iNonsmoker 1.00 

1-14 7.80 
15-24 12.70 
25+ 25.10 

Swedish males(9f) Nonsmoker !.oo 
l-7 230 
a15 8.89 
16+ 13.99 

Japanese males( 78) Nonsmoker 1.00 
l-9 1.99 

lc-14 3.52 
lM4 4.11 
25-49 4.57 
50+ 5.78 

a day is approximately 20 times that of nonsmokers (4% 65, 68, 80, 
228). Data for Swedish males are of the same magnitude (32). Japanese 
males who smoke 50 or more cigarettes a day experience a risk which is 
5.8 times greater than for nonsmokers. Hirayama noted that the slope 
of the dose-response curve for lung cancer was less in Japan than in 
the United States and that this was probably due to the lower 
Percentage of regular deep inhalers, a lower level of environmental 
Promoting conditions, and also a higher percentage of adenocarcinoma 
in Japan than in the United States (78). Table 2 presents lung cancer 
mortality ratios from selected prospective studies for males by the 
current number of cigarettes smoked per day. 

Age at which Smoking Began 
Lung cancer mortality ratios exhibit an inverse relationship with the 
age of initiation of the smoking habit. Lung cancer mortality ratios for 
males by age at which they began smoking are presented in Table 3. 
Most cigarette smokers began the habit while in high school and are at 
the greatest risk of developing lung cancer. Those who began smoking 
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TABLE 3.-Lung cancer mortality ratios for males, by age began 
smoking, from sele&.ed prospective studies 

Age began 
smoking 
in years 

Mortality 
ratio 

A.C.S. 25- 
State Study(65) Nonsmoker 1.00 

25+ 4.08 
ax?.4 lO.QB 
15-19 19.69 

under 15 16.77 

J8paIlW 
study( 78) Nonsmoker 

25+ 
20-24 

under 20 

U.S. 
veterans(90) 

Nonsmoker 1.00 
25+ 520 
20-24 9.50 
15-19 14.40 

under 15 18.70 

1.00 
2.37 
3.35 
4.44 

after the age of 25 have mortality ratios which are only 4 to 5 times 
greater than those of nonsmokers. 

Inhal4&n of Cigarette Smoke 

Inhalation of tobacco smoke is an important dosage variable. Inhala- 
tion of smoke well into the lungs is the major mechanism whereby lung 
tissue is exposed to the carcinogens which ultimately produce lung 
cancer. Techniques for quantitating the degree of tobacco smoke 
inhalation have been developed using carboxyhemoglobin levels or end 
expiratory carbon monoxide levels as an index of smoke inhalation. 
These objective methods of measuring inhalation have not been 
applied to studies of lung cancer mortality. In most investigations, the 
smoker was asked to report subjectively on his own inhalation 
practices. This is subject to considerable variation but is not as 
inaccurate as might be presumed. Available data show a strong dose- 
response relationship between self-reported inhalation of cigarette 
smoke and lung cancer mortality. Representative figures from selected 
prospective studies are presented in Table 4. These data suggest that 
cigarette smokers may underestimate the degree to which they inhale 
cigarette smoke. Those who report that they do not inhale cigarette 
smoke experience lung cancer mortality ratios which are 4 to 8 times 
greater than for nonsmokers. Deep inhalation results in mortality 
ratios which are as high as 17 times greater than for nonsmokers. 
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TABLE I.-Lung cancer mortality ratios for males, by degree of 
inhalation, from selected prospective studies 

NT= 
of Mortality, 

inhalation 
ratio 

A.C.S. 25 
State Study(G) Nonsmoker 1.00 

None 8.00 
Slight 8.92 

Moderate 13.08 
DIP 17.00 

Swedish 
Nonsmoker 

None 
Light inhalation 
Deep inhalation 

1.00 
3.70 
7.FQ 
9.20 

Tar and Nicotine Content of Cigarettes 
The major constituents of cigarette smoke that cause lung cancer are 
among the more than 2,000 different compounds found in cigarette 
smoke. Cigarette filters, first introduced during the mid-1950’s, have 
the effect of trapping tar. Data presented by Maxwell (136) show that, 
in 1976, more than 600 billion cigarettes were smoked and that 88.4 
percent of these were filtered. It has been known that the risk of 
developing lung cancer increased with the tar and nicotine content of 
cigarettes. Until recently, however, there has not been a great deal of 
evidence that individuals who switch to lower tar and nicotine 
cigarettes experience less lung cancer mortality (27). It has been 
argued that, if the tar and nicotine content of tobacco were reduced, 
individuals might increase the number of cigarettes smoked per day 
and thereby abolish any benefit that might be gained. Alternatively, 
those who switch to low tar and nicotine cigarettes might inhale the 
smoke more deeply than smokers of high tar and nicotine cigarettes, 
and thereby exposure to tar and nicotine might not be reduced. In a 
large prospective study by Hammond, et al. (67), these tar and nicotine 
relationships were examined with respect to lung cancer. The 897,825 
men and women in 23 States were divided into 3 tar and nicotine 
categories. The high tar and nicotine (T/N) category was defined as 2.0 
to 2.7 mg of nicotine and 25.8 to 35.7 mg of tar. The medium TN 
ategory was defined as 1.2 to 1.9 mg of nicotine and 17.6 to 25.7 mg of 
tar. The low T/N category included cigarettes containing less than 1.2 
mg of nicotine and less than 17.6 mg of tar. A matched-group analysis, 
similar to age standardization, was utilized. Individuals in each group 
‘ere alike with respect to age, race, number of cigarettes smoked per 
day* age when they began to smoke cigarettes, place of residence, 
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TABLE 5.-Age-adjusted lung cancer mortality ratios* for males 
and females, by tar and nicotine in cigarettes 
smoked 

High T/N 1.00 1.00 
Medium T/N 0.95 0.79 
Law T/N 0.81 0.60 

‘The mortality ratio for the category with highest risk ~88 made 1.00 so tksl the relative reductions in risk with 
the use of lower T/N cigarettes could be visudiwd. 

SOURCE: Hammond. EC. (67) 

occupational exposure to dust fumes, chemicals, etc., education, prior 
history of lung cancer, and prior history of heart disease. Results of 
this analysis are presented in Table 5. The mortality ratio for the 
category with the highest risk was made 1.0 so that the relative 
reduction in risk with the use of lower T/N cigarettes could be 
visualized. For males smoking the same number of cigarettes per day, 
there appears to be a 20 percent reduction in risk of developing lung 
cancer with the use of low T/N cigarettes. For females, there was a 40 
percent reduction in the risk of developing lung cancer with the use of 
low T/N cigarettes, keeping the number of cigarettes smoked per day 
constant. The amount of tar and nicotine taken into the body per day 
depends on the number of cigarettes smoked, as well as on the tar and 
nicotine content of each cigarette. Hammond conducted a second 
matched-group analysis comparing subjects who smoked 1 to 19 high 
T/N cigarettes per day and those who smoked 20 to 39 low T/N 
cigarettes per day. These results are presented in Table 6. The number 
of cigarettes smoked per day was a relatively more important variable 
than the tar and nicotine content of cigarettes. The mortality ratio was 
1.6 for males and 2.1 for females who smoked 20 to 39 low T/N 
cigarettes a day, compared to individuals who smoked only 1 to 19 high 
T/N cigarettes per day. 

Wynder and Stellman (253) conducted a large retrospective study of 
1,034 white males and females with histologically proved cancer of the 
lung and larynx. Relative risks were consistently lower among long- 
term smokers of filter cigarettes, compared to smokers of nonfilter 
cigarettes. These groups were standardized for number of cigarettes 
smoked, duration of smoking, inhalation, and cigarette butt length. 
These dose-response relationships are presented in Figures 1 and 2. 

Lung Cancer in Women 
Trends in Cigarette Consumption Among Females 
In 1964, the Advisory Committee to the Surgeon General concluded 
that cigarette smoking was causally related to cancer in men, and that 
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TABLE 6.--Age-adjusted lung cancer mortality ratios* for males 
and females, comparing those who smoked a few 
high T/N cigarettes with those who smoked many 
low T/N cigarettes 

Males 
Females 

1-19 high T/N 2039 low T/N 
cigarettes/da): cigarettes/day 

1.00 1.6 
1.00 2.1 

*The mortality ratio for the category with lowest risk was made 1.00 90 the increase in risk with smoking more 
ciguettes/dsy could be illustrated. 

SOURCE: Hammond, E. C. (60 

“the data for women though less extensive, point in the same 
direction” (217). Today, 15 years later, the lung cancer epidemic among 
women is well established. Several investigators had predicted sharp 
increases in lung cancer mortality among women. In 1966, Linden (118) 
examined lung cancer mortality in California women and predicted: 
“One can expect to see further increase in the number of lung cancer 
deaths and the death rates as the increasing proportions of women who 
smoke cigarettes reach the age when lung cancer is most likely to 
OCCW.” 

In 1964, lung cancer was the fifth leading cause of death from cancer 
in women. It became the fourth leading cause in 1967 and moved to the 
third leading cause of death from cancer in 1969, passing cancer of the 
uterus. Projections for 1979 indicate that lung cancer is approaching 
cancer of the colon and rectum as the second leading cause of death 
from cancer in women. If present trends are not reversed, during the 
next decade lung cancer will become the leading cause of death from 
cancer in women, exceeding deaths from cancer of the breast. 

In 1955, there were only 4,100 deaths from lung cancer in women. In 
1976, the National Center for Health Statistics reported there were 
20,455 deaths from lung cancer among females in the United States 
(150); the American Cancer Society estimated that in 1978 this 
increased to 21,900 deaths (4). 

These increases are not due to increases in the population. Death 
rates for lung cancer have been steadily rising in women, especially in 
the past decade. The lung cancer mortality rate for white females in 
1950 was 4.7 per 100,000; by 1976 this had risen to 19.5 per 100,000. This 
is more than a fourfold increase (Table 7). 

The Surveillance, Epidemiology and End Results (SEER) Program 
of the National Cancer Institute recently reported that the lung cancer 
death rate for black females exceeded that of white females (16.8 
blacks, 15.0 whites)(154). Data from this survey are collected from 10 
geographic areas in the United States and therefore do not represent 
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126 

25 

62 

NON F NF F NF F NF F NF F NF 
SMOKER l-10 11-20 21-30 31-40 41+ 

NO. OF CIGARETTES SMOKED PER DAY 

FIGURE l.-Relative risk of lung cancer for males, by number of 
cigarettes smoked per day and long-term use of filter (F) or nonfilter 
(NF) cigarettes 

SOURCE:  Wynder, E.L. (253) 

national trends per se. The lung cancer mortality rate (15.0 per 100,000) 
among black females in the general U.S. population is equal to that of 
whites. 

Increases in lung cancer mortality among females cannot be 
explained by exposure to occupational carcinogens. Increases in 
cigarette consumption are responsible for these trends. 
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FIGURE L-Relative risk of lung cancer for females, by number of 
cigarettes smoked per day and long-term use of filter (F) and 
nonfilter (NF) cigarettes 

SOURCE:  Wynder. FL (S.53) 

The epidemic of lung cancer in women has lagged behind that in 
men, primarily because of differences in patterns of cigarette smoking. 
There are fewer women smoking than men, but the gap is narrowing. 
Among teenagers in several age categories, girls are smoking more 
than boys (155). Table 8 shows the percentage of the U.S. adult 
Population who are currently smoking cigarettes for selected years. In 
1975, approximately 29 percent of adult females were smoking, 
whereas 39 percent of adult males were smoking (1%). It should also 
be noted that, over the past decade, there has been a 2.6 percent 
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