
6. Research in the presentdecadehas established that involuntary smoking is a cause

of disease, including lung cancer. in healthy nonsmokers, and that the children of

parents who smoke have an increased frequency of respiratory infections and

symptoms.

7. In 1964, tobacco use wasconsidered habituating. A substantial body of evidence

accumulated since then, and summarized in the 1988 Surgeon General's Report,

has established that cigarettes and other forms of tobacco are addicting. Given

the prevalence of smoking, tobaccouse is the Nation's most widespread form of

drug dependency.

8. Studies dating from the 1950s have consistently documented the benefits of smok-

ing cessation for smokersin all age groups.

9. Recent evidence, including that presented in this 1989 Report of the Surgeon

General, documents that cigarette smoking is a cause of cerebrovasculardisease

(stroke) and is associated with cancerof the uterine cervix.

Part II. The Physicochemical Nature of Tobacco

1. The estimated number of compoundsin tobacco smoke exceeds 4,000, including

manythat are pharmacologically active, toxic, mutagenic, and carcinogenic.

2. Forty-three carcinogens have been identified in tobacco smoke.

3. Carcinogenic tobacco-specific nitrosamines are found in high concentrationsin

smokeless tobacco.

101



References

ABBOTT,R.D., YIN, Y., REED, D.M., YANO, K. Risk ofstroke in male cigarette smokers,
NewEngland Journal ofMedicine 315(12):717-720, September18, 1986.

ABLIN, R.J. Cigarette smoking and quality of sperm. (Letter.) New York State Journal of
Medicine 86(2):108, February 1986.

ABU-ZEID,H.A.H., CHOI, N.W., MAINI, K.K., HSU, P-H., NELSON, N.A. Relativerole
of factors associated with cerebral infarction and cerebral hemorrhage. A matchedpair case~
control study. Stroke 8(1):106-112, January♥February 1977.

ADAMS,J.D., O☂MARA-ADAMS,K.J., HOFFMANN,D. Toxic and carcinogenic agents in
undiluted mainstream smoke and sidestream smokeof different types of cigarettes. Car-
cinogenesis 8(5):729-731, 1987.

ALDERSON,M.R., LEE, P.N., WANG,R. Risks of jung cancer, chronic bronchitis, ischaemic
heart disease, andstrokein relation to type of cigarette smoked. JournalofEpidemiology and
Community Health 39(4):286-293, December 1985.

AMERICAN CANCERSOCIETY. Cancer Facts and Figures♥l988. New York: American
Cancer Society, 1988.

BAILAR,J.C.III., SMITH, E.M. Progress against cancer? New England Journal ofMedicine
314(19):1226-1232, May 1986.

BAIRD,D.D., WILCOX, A.J. Cigarette smokingassociated with delayed conception. Journal
of the American Medical Association 253(20):2979-2983, 1985.

BARON,J.A., BYERS, T., GREENBERG, E.R., CUMMINGS, K.M., SWANSON, M.
Cigarette smoking in womenwith cancersofthe breast and reproductive organs. Journal of
National Cancer Institute 77(3):677-680, September 1986.

BEARD,C.M., ANNEGERS,J.F., WOOLNER,L.B., KURLAND,L.T. Bronchogeniccar-
cinoma in Olmsted County, 1935-1979. Cancer 55:2026-2030, 1985.

BEHRMAN,R.E., VAUGHN,V.C. (eds.) Nelson☂s Textbook ofPediatrics, Thirteenth Edition.
Philadelphia: W.B. Saunders, 1987.

BELL, B.A., SYMON, L. Smoking and subarachnoid haemorrhage. British Medical Journal
1(6163):577-578, March 3, 1979.

BENOWITZ,N.L. Clinical pharmacology of nicotine. Annual Review ofMedicine 37:21-22,
1986.

BEST, E.W.R., JOSIE, G.H., WALKER, C.B. A Canadian study of mortality in relation to
smoking habits. A preliminary report. Canadian Journal ofPublic Health 52:99-106, March
1961.

BLOT, W.J., MCLAUGHLIN,J.K., WINN, D.M., AUSTIN,D.F., GREENBERG,R.S., PRES-
TON-MARTIN,S., BERNSTEIN, L., SCHOENBERG, J.B., STEMHAGEN,A., FRAU-
MENI,J.F. JR. Smokinganddrinkingin relation to oral pharyngeal cancer. CancerResearch
48:3282-3287, June 1, 1988.

BONITA,R. Cigarette smoking, hypertension and the risk of subarachnoid hemorrhage: A
population-based case-control study. Stroke 17(5):83 1-835, September♥October 1986.

BONITA,R., SCRAGG,R., STEWART,A., JACKSON,R., BEAGLEHOLE,R. Cigarette
smoking and risk of premature stroke in men and women. British Medical Journal
293(6538):6-8, July 1986.

BRINTON, L.A., SCHAIRER,C., HAENSZEL,W., STOLLEY,P., LEHMAN,H.F., LEVINE,
R., SAVITZ, D.A. Cigarette smoking and invasive cervical cancer. Journal ofthe American
Medical Association 255(23):3265-3269, 1986.

BRISMAN,R., BAKER,R.R., ELKINS, R., HARTMANN,W.H. Carcinoma of lung in four
siblings. Cancer 20(11):2048-2053, November 1967.

102



BROSS, L.D., GIBSON, R. Risks of lung cancer in smokers who switchto filter cigarettes.

American Journal of Public Health 58(18): 1396-1403, 1968.

BROWNSON,R.C., REIF,J.S., KEEFE, T.J., FERGUSON, S.W., PRITZL, J.A. Risk factors

for adenocarcinomaof the lung. American Journal of Epidemiology 125( ):25-34, January

1987.

BRUNNEMANN,K.D., HOFFMANN, D. The pH of tobacco smoke. Food and Cosmetics

Toxicology 12(1):115-124, February 1974. :

BUFFLER,P.A., COOPER,S.P., STINNETT.S., C
ONTANT,C., SHIRTS,S., HARDY,R.J.,

AGU,V., GEHAN,B., BURAU,K. Air pollution and lung cancer mortality in Harris Coun-

ty, Texas, 1979-1981. American Journal ofEpidemiology 128(4):683-699, October 1988.

BURROWS,B., KNUDSON,R.J., CLINE, M.G., LEBOWITZ, M.D. Quantitative relation-

ships between cigarette smoking and ventilatory function. American Review of Respiratory

Disease 115:195-205, 1977.
.

CARSTENSEN,J.M., PERSHAGEN,G., EKLUND,
G. Mortality in relation to cigarette and

pipe smoking: 16 years☂ observation of 25,000 Swedish men. Journal of Epidemiology and

Community Health 41:166-172, 1987.

CAULEY, J.A., GUTAI, ].P., SANDLER,R.B., LAPORTE,R.E., KULLER,
L., SASHIN,D.

The relationship of endogenous estrogen to bone density and bone area in normal post-

menopausal women. American Journal of Epidemiology 124(5):752-761, 1986.

CEDERLOF,R., FRIBERG,L., HRUBEC,Z., LORICH,U. The Relationship ofSmoking and

Some Social Covariables to Mortality and Cancer Morbidity. A Ten Year Follow-up in a

Probability Sample of 55,000 Swedish Subjects Age 18-69, Part 1/2. Stockholm, Sweden:

Karolinska Institute, Department of Environmental Hygiene, 1975.

CENTERS FOR DISEASE CONTROL. Smoking-attributable mortality and years ofpotential

life lostUnited States, 1984. Morbidity and Mortality Weekly Report 36(42):693-697, Oc-

tober 30, 1987. .

CHAMBERLAIN,W.J., SCHLOTZHAUER,WS.,
CHORTYK,O.T. Chemical composition

of nonsmoking tobacco products. JournalofAgricultural and Food Chemistry 36(1):48-50,

1988.

CHURCH,D.F., PRYOR, W.A. Free-radical chemistry of cigarette smoke andits toxicologi-

cal implications. Environmental Health Perspectives 64:1 11-126, December 1985.

CLARKE,E.A., HATCHER,J.. MCKEOWN-EYSSEN, G.E., LICKRISH, G.M. Cervical

dysplasia: Association with sexual behavior, smoking, and oral contraceptive use? American

JournalofObstetrics and Gynecology 151(5):612-616, March 1, 1985.

COLDITZ, G.A., BONITA, R., STAMPFER,M.J., WILLETT, W.C., ROSNER,B., SPEIZER,

F.E., HENNEKENS,C.H. Cigarette smoking and risk of stroke in middle-aged women. New

England Journal ofMedicine 318(15):937-941, April 14, 1988.

COLDITZ, G.A., STAMPFER, M.J., WILLETT, W.C. Diet and lung cancer. A review of the

epidemiologic evidence in humans. Archives of Internal Medicine 147:157-160, January

1987.
COMMITTEE TO STUDY THE PREVENTION OF LOW BIRTHWEIGHT.Preventing Low

Birthweight. Washington, D.C.: National Academy Press, 1985.

COOK,D.G., POCOCK,S.J., SHAPER, AG., KUSSICK,S.J. Giving up smokingandtherisk

ofheart attacks. A report from The British Regional Heart Study. Lancet 2(8520):1376♥1380,

December13, 1986.

CRADDOCK, V.M. Nitrosamines and human cancer: Proof of an association? Nature 306

(5944):638, December 15, 1983.

CRIQUI, M.H., FRONEK,A., KLAUBER, M.R., BARRETT-CONNOR,E., GABRIEL,S.W.

Peripheralarterial disease in large vessels is epidemiologically distinct from small vesseldis-

ease. (Abstract.) CVD Epidemiology Newsletter 37:67, January 1985.

103



DALAGER,N.A, PICKLE, L.W., MASON,T.J., CORREA,P., FONTHAM,E., STEM-HAGEN,A., BUFFLER,P.A., ZIEGLER, R.G., FRAUMENI,JF. JR. Therelation of pas-sive smoking to lung cancer. Cancer Research 46(9):4808-48 11, September 1986.DALBEY, W.E., NETTESHEIM,D., GRIESEMER, R., CATON, J.E., GUERIN, MLR.Chronicinhalation ofcigarette smoke by F344rats. Journalofthe National Cancer Institute64(2):383-388, February 1980.
DEANFIELD,J.E., SHEA, M.J., WILSON, R.A., HORLOCK,P., DELANDSHERE,C.M.,SELWYN,A.P. Directeffects of smoking on the heart: Silent ischemic disturbances ofcoronary flow, American Journal of Cardiology 57(13): 1005-1009, May 1, 1986.DEANFIELD,J., WRIGHT, C., KRIKLER,S., RIBEIRO,P., FOX, K. Cigarette smoking andthe treatment of angina with propranolol, atenolol, and nifedipine. New England Journal ofMedicine 310(15):951-954, April 12, 1984,
DOCKERY,D.W., SPEIZER,F.E., FERRIS,B.G. JR., WARE,J.H., LOUIS, T.A., SPIRO,A.IH. Cumulative andreversible effects oflifetime smoking on simpletests of lung function inadults. American Review ofRespiratory Disease 137:286♥292, 1988.
DOLL,R., GRAY, R., HAFNER, B., PETO,R. Mortality in relation to smoking: 22 years☂ ob-servations on female British doctors. British Medical Journal 280(6219):967-971, April 5,

1980.
DOLL,R., HILL, A.B. Lung cancer and other causes ofdeath in relation to smoking. A secondreport on the mortality of British doctors. British Medical Journal 2:1071-1081, November10, 1956.
DOLL, R., PETO,R. Cigarette smokingand bronchial carcinoma: Dose and time relationshipsamongregular smokers and lifelong non-smokers. Journal ofEpidemiologyand C.ommunity
Health 32(4):303-313, December 1978. /

DOLL, R., PETO, R. The causes of cancer: Quantitative estimates of avoidable risks of can-cer in the United States today. Journal of the National Cancer Institute 66(6):1191-1308,June 1981.
DOLL, R., PETO, R. Effects on Health of Exposure to Asbestos. London: Her Majesty☂s

Stationery Office, 1985.
DORN,H.F.The mortality of smokers and nonsmokers. 1958.
DUBE,M.F., GREEN, C.R. Methods of collection of smoke for analytical purposes, RecentAdvances in Tobacco Science: Formation, Analysis, and Composition of Tobacco Smoke

8:42-102, 1982.
DUNN, H.G., MCBURNEY,A.K., INGRAM,S., HUNTER, C.M. Maternal cigarette smok-ing during pregnancyand the child's subsequent development: II. Neurological and intellec-tual maturation to the age of 6 1/2 years. Canadian Journal of Public Health 68(1 ):43-50,
January-February 1977.

DUNN,J.E. JR., LINDEN,G., BRESLOW,L. Lung cancer mortality experience of men in cer-
tain occupationsin California. American Journal of Public Health 50(10):1475-1487, Oc-
tober 1960.

ELWOOD,J.M., PEARSON,J.C.G., SKIPPEN, D.H., JACKSON,S.M. Alcohol, smoking,so-cial and occupationalfactors in the aetiology of cancerof the oral cavity, pharynx andlarynx.{nternational Journal ofCancer 34:603-612, 1984.
ERIKSSON,S. Pulmonary emphysema and alpha, -antitrypsin deficiency. Acta Medica Scan-dinavica 175:197-205, 1964.
ERNSTER,V.L., BUSH,T.L., HUGGINS, G.R., HULKA,B.S., KELSEY, J.L., SCHOTTEN-FELD,D. Benefits and risks of menopausalestrogen and/or progestin hormoneuse. Preven-tive Medicine 17:201-223, 1988.
FEDERAL TRADE COMMISSION, Report to Congress Pursuant to the Federal CigaretteLabeling and Advertising Actfor the Year 1981. Federal Trade Commission, July 1984.

104



FEDERAL TRADE COMMISSION. ☜Tar,☝ Nicotine and Carbon Monoxide of the Smoke of

207 Varieties ofDomestic Cigarettes. Federal Trade Commission, January 1985.

FERA, T., ABBOUD,R.T., RICHTER, A., JOHAL.,S.S. Acute effect of smoking on elastase-

like esterase activity and immunologic neutrophil elastase levels in bronchoalveolar lavage

fluid. American ReviewofRespiratory Disease 133(4):568-573, April 1986.

FITZGERALD,G.A., OATES,J.A., NOWAK,J. Cigarette smoking and hemostatic function.

American Heart Journal 115:267-271, 1988.

FLETCHER,C., PETO, R., TINKER. C., SPEIZER, F.E. The Natural History of Chronic

Bronchitis and Emphysema. Oxford: Oxford University Press, 1976.

GALAN,K.M., DELIGONUL,U., KERN, M.J., CHAITMAN, B.R.. VANDORMAEL, M.G.

Increased frequency of restenosisin patients continuing to smoke cigarettes after percutaneous

transluminal coronary angioplasty. American Journal of Cardiology 61:260-263, 1988.

GAO,Y.T., BLOT, W.J., ZHENG, W., ERSHOW,A.G., HSU, C.W., LEVIN, L., ZHANG, R.,

FRAUMENI, J.F. Lung cancer among Chinese women. /nternational Journal of Cancer

40(5):604-609, November 15, 1987.

GLOVER, M.U., KUBER,M.T.. WARREN, S.E., VIEWEG, W.V.R. Myocardial infarction

before age 36: Risk factor and artiographic analysis. American Journal of Cardiology

49(7): 1600-1603, May 1982.

GOFFMAN,T.E., HASSINGER, D.D., MULVIHILL,J.J. Familial respiratory tract cancer.

Opportunities for research and prevention. Journal of the American Medical Association

247(7):1020-1023, February 19, 1982.

GORDIS, L., GOLD, E.B. Epidemiology of pancreatic cancer. World Journal of Surgery

8:808-821, 1984.

GORDON,D.J., EKELUND,L.-G., KARON,J.M., PROBSTFIELD,J.L., RUBENSTEIN,C.,

SHEFFIELD, T., WEISSFELD, L. Predictive value of the exercise tolerance test for mor-

tality in North American men: The Lipid Research Clinics Mortality Follow-up Study. Cir-

culation 74(2):252-261, 1986.

GREENBERG,E.R., VESSEY, M., MCPHERSON,K., YEATES,D. Cigarette smoking and

cancerofthe uterine cervix. British Journal ofCancer 51:139-141, January 1985.

GUERIN,M.R. Formation and physicochemicalnature of sidestream smoke. In: O☂Neill, LK.,

Brunnemann,K.D., Dodet, B., Hoffmann, D. (eds.) Environmental Carcinogens, Methods of

Analysis and Exposure Measurements, Volume 9♥Passive Smoking, YARC Scientific Publi-

cations No. 81. Lyon, France: World Health Organization, International Agency for Research

on Cancer, 1987, pp. 11-23.

HABIB, M.P., KLINK, M.E.. KNUDSON, D.E., BLOOM, J.W., KALTENBORN, W.T.,

KNUDSON,R.J. Physiologic characteristics of subjects exhibiting accelerated deterioration

of ventilatory function. American ReviewofRespiratory Disease 136:638♥-645, 1987.

HALE,K.A., EWING,S.L., GOSNELL, B.A., NIEWOEHNER, D.E. Lungdisease in long-

term cigarette smokers with and without chronic air-flow obstruction. American Reviewof

Respiratory Disease 130(5):716-721, November] 984.

HALLSTROM,A.P., COBB, L.A., RAY, R. Smokingasa risk factorforrecurrence of sudden

cardiac arrest. New England Journal ofMedicine 314(5):271-275, 1986.

HAMMOND,E.C. Smokingin relation to the death rates of one million men and women. In:

Haenszel, W. (ed.) Epidemiological Approachesto the Study ofCancer and Other Chronic

Diseases, National Cancer Institute Monograph 19. U.S. Department of Health, Education,

and Welfare, Public Health Service, NCI, January 1966, pp. 127-204.

HAMMOND,E.C., HORN, D. Smoking and death rates♥Report on forty-four monthsoffol-

low-up on 187,783 men. I. Total mortality. Journal of the American Medical Association

166(10):1159-1172, March 8, 1958.

105



HAMMOND,E.C., GARFINKEL,L., SEIDMAN.H., LEW, E.A. ☜Tar☝ and nicotine content
ofcigarette smokein relation to death rates. EnvironmentalResearch 12(3):263-274, Decem-ber 1976.

HARRISON☂S PRINCIPLES OF INTERNAL MEDICINE,Eleventh Edition. McGraw-Hill,1987,
HARTGE,P., SILVERMAN,D., HOOVER, R., SCHAIRER,C., ALTMAN,R., AUSTIN, D.,CANTOR, K., CHILD, M., KEY,C., MARRETT, L.D., MASON,T.J., MEIGS,J.W.,MYERS, M.H., NARAYANA,A., SULLIVAN,J.W., SWANSON, G.M., THOMAS,D.,WEST, D. Changingcigarette habits and bladder cancer risk: A case-control study. Jour-
nal of the National CancerInstitute 78(6):1119-1125, June 1987.

HEBEL,J.R., FOX, N.L., SEXTON,M. Dose-response ofbirth weightto various measures of
maternal smoking during pregnancy. Journal ofClinical Epidemiology 41(5):483-489, 1988.HECHT,S.S., HOFFMANN,D. Tobacco-specific nitrosamines, an importantgroup ofcar-
cinogensin tobacco and tobacco smoke. Carcinogenesis 9(6):875-884, 1988.

HERMAN,B., LEYTEN,A.C.M., VAN LUDK, J.H., FRENKEN,C.W.G.M., OP DE COUL,
A.A.W., SCHULTE,B.P.M. An evaluation ofrisk factors for stroke in a Dutch community.
Stroke 13(3):334-339, May-June 1982.

HERMAN,W.H., TEUTSCH,S.M., GEISS, L.S. Diabetes mellitus. In: Amler, R.W., Dull,
H.B. (eds.) Closing the Gap: The Burden ofUnnecessary Iliness. New York: Oxford Univer-
sity Press, 1987, pp. 72-82.

HIGGINS, I.T.T., MAHAN, C.M., WYNDER, E.L. Lung cancer among cigar and pipe
smokers. Preventive Medicine 17(1):1 16-128, January 1988.

HIMMELBERGER,D.U., BROWN,B.W. JR., COHEN,E.N. Cigarette smokingduringpreg-
nancy and the occurrence of spontaneous abortion and congenital abnormality. American
Journal ofEpidemiology 108(6):470-479, 1978.

HIRAYAMA,T. Smoking in Relation to the Death Rates of265,118 Men and Women in Japan.
Tokyo: National Cancer Center, September 1967.

HOFFMANN,D., BRUNNEMANN,K.D., ADAMS,J.D., HECHT, S.S. Formation and
analysis of N-nitrosamines in tobacco products andtheir endogenousformation in consumers.
In: O'Neill, J.K., Von Borstel, R.C., Miller, C.T., Long, J., Bartsch, H. (eds.) N-Nitroso Com-
pounds: Occurrence,Biological Effects and Relationship to Human Cancer, IARC Scien-
tific Publication No. 57. Geneva: International Agency for Research on Cancer, 1984, pp.
743-762.

HOFFMANN,D., HECHT,S.S. Smokeless tobacco and cancer. In: 1S/ Atlas ofScience: Phar-
macology, Volume 2, 1988, pp. 46-52.

HOFFMANN,D., HECHT, S.S. Advances in tobacco carcinogenesis. In: Grover, P. (ed.)
HandbookofExperimental Pharmacology, 1988. Springer-Verlag, 1989.

HOFFMANN,D., TSO, T.C., GORI, G.B. The less harmful cigarette. Preventive Medicine
9(2):287-296, March 1980.

HOGG,J.C., MACKLEM,P-T., THURLBECK, W.M.Site and nature of airway obstruction
in chronic obstructive lung disease. New England JournalofMedicine 278(25): 1355-1360,
June 20, 1968.

HOLBROOK,J.H. Cigarette smoking and coronary heart disease. Eighth International
Atherosclerosis Symposium Proceedings (Rome), Excerpta MedicaInternational Congress
Series. Elsevier Science Publishers, in press.

HOLBROOK,J.H., GRUNDY,S.M., HENNEKENS, C.H., KANNEL, W.B., STRONG,LP.
Cigarette smoking and cardiovascular diseases: A statement for health professionals by a task
force appointed by the steering committee of the American Heart Association. Circulation
70(6):1114A-1117A, December 1984.

106



HOLLY, E.A., PETRAKIS, N.L., FRIEND, N.F., SARLES, D.L., LEE,R.E., FLANDER,L.B.

Mutagenic mucusin the cervix of smokers. Journalof the National CancerInstitute 76(6):

983-986, June 1986.

HOPKINS.P.N., WILLIAMS, R.R., HUNT,S.C. Magnified risks from cigarette smoking for

coronary prone families in Utah. Western Journal ofMedicine 141: 196-202, August 1984.

HORM,J.W., KESSLER, L.G. Falling rates of lung cancer in men in the United States. Lan-

cet 1(8478):425-426, February 1986.

HUBERT, H.B., HOLFORD,T.R., KANNEL, W.B. Clinical characteristics and cigarette

smokingin relation to prognosis of angina pectoris in Framingham. American Journal of

Epidemiology \15(2):231-242, February 1982.

HUMBLE,C.G., SAMET,J.M., PATHAK,D.R. Marriage to a smokerand lung cancer risk.

American Journal of Public Health 77(5):598-602, May 1987.

HUNNINGHAKE, G.W., CRYSTAL, R.G. Cigarette smoking and lung destruction. Accu-

mulation of neutrophils in the lungs of cigarette smokers. American ReviewofRespiratory

Disease 128(5):833-838, November 1983.

INGEBRETHSEN,B.J. Aerosol studies of cigarette smoke. Recent Advances in Tobacco

Science 12:54-142, 1986.

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER. Tobacco Smoking, IARC

Monographson the Evaluation of the Carcinogenic Risk of Chemicals to Humans, Volume

38. Lyon: International Agency for Research on Cancer, 1986.

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER. Environmental Car-

cinogens. Methods of Analysis and Exposure Measurement. Volume 9♥Passive Smoking,

IARC Scientific Publications No. 81. Lyon: Intemational Agency for Research on Cancer,

1987.

JAJICH, C.L., OSTFELD, A.M., FREEMAN,D.H. JR. Smoking and coronary heart disease

mortality in the elderly. Journal of the American Medical Association 252(20):283 1-2834,

November 23-30, 1984.

JANOFF, A. Elastases and emphysema. Current assessment of the protease♥antiprotease

hypothesis. American Review ofRespiratory Disease 132:417-433, 1985.

JARVIS, M.J., RUSSELL, M.A.H. Tar and nicotine yields of U.K. cigarettes 1972-1983:

Sales-weighted estimates from non-industry sources. British Journal of Addiction 80:429-

434, 1985.

JARVIS, M., TUNSTALL-PEDOE,H., FEYERABEND,C., VESEY,C., SALLOOJEE,Y.

Biochemical markers of smoke absorption andself reported exposure to passive smoking.

Journal ofEpidemiology and Community Health 38(4):335-339, December 1984.

JENKINS, R.W.JR., GOLDEY,C., WILLIAMSON,T.G. Neutron activation analysis in tobac-

co and tobacco smokestudies: 2R1 cigarette composition smoke transference and butt filtra-

tion. Beitrage zur Tabakforschung 13(2):59-65, December 1985.

JENSEN, G.F. Osteoporosis of the slender smoker revisited by epidemiologic approach.

European JournalofClinical Investigation 16:239-242, 1986.

JENSEN,J., CHRISTIANSEN, C., RODBRO,P.Cigarette smoking,serum estrogens, and bone

loss during hormone-replacementtherapy early after menopause. New England Journal of

Medicine 313:973-975, 1985.

JOHNSTONE,R.A.W., PLIMMER, J.R. The chemical constituents of tobacco and tobacco

smoke. Chemical Reviews 59(5):885♥936, 1959.

JOLY, O.G., LUBIN,J.H., CARABALLOSO,M.Dark tobacco and lung cancer in Cuba. Jour-

nal of the National CancerInstitute 70(6): 1033-1039, June 1983.

JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION. Osteoporosis♥Consensus

Conference. Journal ofthe American MedicalAssociation 252(6):799-802, August 10, 1984.

107



KAHN, H.A. The Dorn study of smoking and mortality among U.S.veterans: Report on eightand one-half years of observation. In: Haenszel, W.(ed.) Epidemiological Approaches tothe Study ofCancer and Other Chronic Diseases, NCI Monograph 19. U.S. DepartmentofHealth, Education, and Welfare, Public Health Service, National CancerInstitute, January1966, pp. 1-125.
KANNEL,W.B., SHURTLEFF, D. The Framingham Study. Cigarettes and the developmentof intermittent claudication. Geriatrics 28(2):61-68, February 1973.
KAPLAN, G.A., SEEMAN,T.E., COHEN,R.D., KNUDSEN,L.P., GURALNIK,J. Mortalityamongtheelderly in the Alameda County Study: Behavioral and demographic risk factors.American Journal ofPublic Health 77(3):307-3 12, March 1987.
KAUFMAN,D.W., HELMRICH,S.P., ROSENBERG,L., MIETTINEN,O.S., SHAPIRO,S.Nicotine and carbon monoxide contentof cigarette smoke and therisk of myocardialinfarc-tion in young men. New England Journal ofMedicine 308(8):409-4 13, February 24, 1983.KELLERMANN, G., SHAW, C.R., LUYTEN-KELLERMAN, M. Aryl hydrocarbonhydroxylase inducibility and bronchogenic carcinoma. New England Journal of Medicine289(18):934-937, 1973.
KELSEY,J.L., DWYER, T., HOLFORD, T.R., BRACKEN, M.B. Maternal smoking and con-genital malformations: An epidemiological study. Journal ofEpidemiology and C.ommunityHealth 32:102-107, 1978.
KEMP, H.G., KRONMAL,R.A., VLIETSTRA,R.E., FRYE, R.L., PARTICIPANTS IN THECORONARYARTERY SURGERYSTUDY. Seven yearsurvival of patients with normalor near normal coronary arteriograms: A CASS Registry Study. Journal of the AmericanCollege ofCardiology 7(3):479-483, March 1986,
KIEL, D.P., FELSON,D.T., ANDERSON,J.J., WILSON,P.W.F., MOSKOWITZ, M.A. Hipfracture and the use of estrogens in postmenopausal women. The Framingham Study. New ♥England Journal ofMedicine 317(19):1 169-1174, November 5, 1987.
KLEINMAN,J.C., PIERRE, M.B.JR., MADANS,J.H., LAND,J.H., SCHRAMM,W.F. Theeffects of maternal smoking on fetal and infant mortality. American Journal of Epidemiol-ogy 127(2):274-282, 1988.
KORMAN,M.G., HANSKY,J., EAVES,E.R., SCHMIDT,G.T. Influence of cigarette smok-ing on healing and relapse in duodenalulcer disease. Gastroenterology 85:871-874, 1983,KREIGER,N., KELSEY,J., HOLFORD,T.R., O☂CONNOR, T. An epidemiologic study ofhip fracture in postmenopausal women. American Journal ofEpidemiology 116(1): 141-148,1982.
KULLER,L., MEILAHN,E., TOWNSEND,M., WEINBERG,G. Control of cigarette smok-ing from a medical perspective. Annual Review ofPublic Health 3:153-178, 1982.LANE, M.R., LEE, S.P. Recurrence of duodenal ulcerafter medical treatment. Lancer 1:1147♥1149, May 21, 1988. .
LAURELL,C.-B., ERIKSSON,S. The electrophoretic o-globulin pattern of serum in Qt} -anti-trypsin deficiency. Scandinavian Journal of Clinical Investigations 15:132-140, 1963.LAVECCHIA,C., FRANCESCHLS., DECARLI, A., FASOLI, M., GENTILE, A., TOGNONI,G. Cigarette smokingand therisk of cervical neoplasia. American Journal ofEpidemiology123(1):22-29, January 1986.
LAVOIE,E.J., TUCCIARONE,P., KAGAN, M., ADAMS, L.D., HOFFMANN,D. Analysesof steam distillates and aqueousextracts of smokeless tobacco. JournalofAgricultural andFood Chemistry 37(1):154~157, January-February 1989,
LAYDE,P.M., BERAL,V., KAY, C.R. Further analyses of mortality in oral contraceptiveusers. Royal College of General Practitioners☂ Oral Contraceptives Study. Lancet 1(8219):541-546, March 7, 1981.

108



LIEBERMAN,E., RYAN, K.J., MONSON, R.R., SCHOENBAUM,S.C. Risk factors account-

ing for racial differences in the rate of premature birth. New England Journal of Medicine

317(12):743-748, 1987.

LITHNER,F. Is tobacco of importance for the developmentand progression of diabetic vas-

cular complications? Acta Medica Scandinavica 687(Supplement):33-36, 1983.

LUBIN, J.H., BLOT, W.J., BERRINO, F., FLAMANT, R., GILLIS, C.R., KUNZE, M.,

SCHMAHL, D., VISCO, G. Patterns of lung cancer risk according to type of cigarette

smoked. /nternational Journal ofCancer 33(5):569-576, 1984a.

LUBIN, J.H., BLOT, W.J., BERRINO, F., FLAMANT, R.. GILLIS, C.R., KUNZE, M.,

SCHMAHL,D., VISCO. G. Modifying risk of developing lung cancer by changing habits

of cigarette smoking. British Medical Journal 288(6435): 1953-1956, June 30, 1984b.

LYNCH, H.T., FAIR, P.R., ALBANO, W.A., RUMA, T.A., BLACK, L., LYNCH, J.,

SHONKA,M. Genetic/epidemiologicalfindings in a study of smoking-associated tumors.

Cancer Genetics and Cytogenetics 6(2):163-169, June 1982.

MACK.T.M.. YU, M.C., HANISCH, R., HENDERSON,B.E. Pancreas cancer and smoking,

beverage consumption, and past medical history. Journalof the National Cancer Institute

76(1):49-60, 1986.

MARTIN, J.L.. WILSON, J.R., FERRARO, N., LASKEY, W.K., KLEAVELAND, J.P.,

HIRSHEELD,J.W. JR. Acute coronary vasoconstrictive effects of cigarette smoking in

coronary heart disease. American Journal of Cardiology 54(1 ):56♥60, July 1, 1984.

MCLAUGHLIN, J.K., MANDEL, J.S., BLOT, W.J.. SCHUMAN, L.M., MEHL., E.S.,

FRAUMENI,J.F. JR. A population-based case-control study ofrenal cell carcinoma. Jour-

nal of the National CancerInstitute 72(2):275-284, February 1984.

MEDICAL RESEARCH COUNCIL WORKING PARTY. MRCtrial of treatment of mild hy-

pertension: Principal results. British Medical Journal 291 (6488):97♥104, July 13, 1985.

MIETTINEN, T.A., GYLLING, H. Mortality and cholesterol metabolism in familial hyper-

cholesterolemia. Long-term follow-up of 96 patients. Arteriosclerosis 8:163-167, March♥

April 1988.

MOHR,U., REZNIK, G. Tobacco carcinogenesis. In: Harris, C.C. (ed.) Pathogenesis and

TherapyofLung Cancer. New York: Marcel Dekker, 1978, pp. 263-367.

MULVIHILL,J.J., BALE, A.E. Ecogenetics of lung cancer: Genetic susceptibility in the etiol-

ogy of lung cancer. In: Mizell, C.M., Correa,P. (eds.) Proceedings ofthe International Lung

Cancer Update Conference. Deerfield Beach, Florida: Verlag-Chemie International, 1984,

pp. 141-152.

NAEYE.R.L., PETERS, E.C. Mental development of children whose mothers smoked during

pregnancy. Obstetrics and Gynecology 64(5):601-607, November 1984.

NAGAI, A., WEST, W.W., THURLBECK, W.M. The NationalInstitutes of Health Intermit-

tent Positive-Pressure Breathing Trial: Pathology studies. II. Correlation between mor-

phologic findings, clinical findings, and evidence of expiratory air-flow obstruction.

American ReviewofRespiratory Disease 132:946-953, 1985.

NAKAYAMA,T., KODAMA,M., NAGATA,C. Generation of hydrogen peroxide and super-

oxide anion radical from cigarette smoke. Gann: Japanese Journal of Cancer Research

75(2):95-98, February 1984.

NATIONAL ACADEMYOFSCIENCES. Diet, Nutrition, and Cancer. Washington, D.C.:

National AcademyPress, 1982.

NATIONAL CENTER FOR HEALTH STATISTICS. Health, United States, 1986. U.S.

Departmentof Health and HumanServices, Public Health Service, National Center for Health

Statistics. DHHS Publication No. (PHS) 87-1232, December 1986.

109



NATIONALINSTITUTES OFHEALTH, NATIONAL INSTITUTE OFENVIRONMENTAL
HEALTHSCIENCES.Airborne pollutants and respiratory cancer reproductive and develop-
mental toxicology. Environmental Health Perspectives 70, December 1986.

NATIONAL RESEARCH COUNCIL. Carbon Monoxide. National Research Council, Com-
mittee on Medical and Biologic Effects of Environmental Pollutants. Washington, D.C.: Na-
tional AcademyPress, 1977.

NATIONAL RESEARCH COUNCIL. Environmental Tobacco Smoke. Measuring Exposures
and Assessing Health Effects. Washington, D.C.: National AcademyPress, 1986.

NATIONAL RESEARCH COUNCIL. Health Risks ofRadon and Other Internally Deposited
Alpha-Emitters. BEIR IV. Washington, D.C.: National AcademyPress, 1988.

NEURATH,G.B., DUNGER,M., ORTH,D., PEIN,F.G. Trans-3130-hydroxycotinine as a
main metabolite in urine of smokers. International Archives ofOccupational and Environ-
mental Health 59:199-201, 1987.

NIEBURG,P., MARKS,J.S., MCLAREN, N.M., REMINGTON,P.L. The fetal tobacco
syndrome. Journal of the American Medical Association 253(20):2998-2999, May 24-31,
1985.

NIEWOEHNER,D.E. Cigarette smoking, lung inflammation, and the development of em-
physema. Journal ofLaboratory and Clinical Medicine 11 1(1):15~-27, January 1988.

NIEWOEHNER,D.E., KLEINERMAN,J., RICE, D.B. Pathologic changesin the peripheral
airways of young cigarette smokers. New England Journal of Medicine 291(15):755-758,
1974,

NORMAN,V. Changes in smoke chemistry of modem day cigarettes. Recent Advancesin
Tobacco Science 8:141-177, 1982.

NOWAK,J., MURRAY,J.J., OATES, J.A., FITZGERALD,G.A. Biochemical evidenceof a
chronic abnormality in platelet and vascular function in healthy individuals who smoke
cigarettes. Circulation 76(1):6-14, July 1987.

OOI, W.L., ELSTON, R.C., CHEN, V.W., BAILEY-WILSON,J.E., ROTHSCHILD,H. In-
creased familialrisk for lung cancer. Journal ofthe National CancerInstitute 76(2):217-222,
February 1986.

PATHAK,D.R., SAMET, J.M., HUMBLE, C.G., SKIPPER, B.J. Determinantsof lung cancer
risk in cigarette smokers in New Mexico. Journal ofthe National CancerInstitute 76(4):597-
604, April 1986.

PEARSON,T.A. Coronary arteriography in the study of the epidemiology of coronary artery
disease. Epidemiologic Reviews 6:140♥166, 1984.

PERSHAGEN,G., HRUBEC,Z., SVENSSON,C.Passive smokingandlung cancerin Swedish
women. American JournalofEpidemiology 125(1):17-24, January 1987.

PETITTI, D.B., WINGERD,J., PELLEGRIN, F., RAMCHARAN,S.Risk of vascular disease
in women: Smoking, oral contraceptives, noncontraceptive estrogens, and other factors.
Journalofthe American Medical Association 242(11):1150-1154, September 14, 1979.

PETO, R. Overview of cancertime-trend studiesin relation to changesin cigarette manufac-
ture. In: Zaridze, D.G., Peto, R. (eds.) Tobacco: A Major International Health Hazard,
IARCScientific Publications No. 74. Lyon, France: International Agency for Research on
Cancer, 1986, pp. 211-226.

PETO,R., DOLL, R. Keynote address: The control of lung cancer. In: Mizell, M., Correa, P.
(eds.) Lung Cancer: Causes and Prevention. Deerfield Beach,Florida: Verlag Chemie In-
ternational, 1984, pp. 1-19.

PETO, R., DOLL, R., BUCKLEY,J.D., SPORN, M.B. Can dietary beta-carotene materially
reduce cancerrates? Nature 290:201~208, March 19, 1981.

PETO,R., SPEIZER, F.E., COCHRANE,A.L., MOORE,F., FLETCHER,C.M., TINKER,
C.M., HIGGINS, LT.T., GRAY, R.G., RICHARDS, S.M., GILLILAND,J., NORMAN-

110



SMITH,B. Therelevance in adults ofair-flow obstruction,but not of mucus hypersecretion,

to mortality from chronic lung disease. Results from 20 years of prospective observation.

American Review ofRespiratory Disease 128(3):491-501, September 1983.

PILLSBURY,H.C., BRIGHT, C.C., O☂CONNOR,K.J., IRISH, F.W. Tar and nicotine in

cigarette smoke. Journalof the Association of Official Analytical Chemists §2(3):458-462,

1969.

POMREHN,P., DUNCAN,B., WEISSFELD, L., WALLACE,R.B., BARNES,R., HEISS,

G., EKELUND,L.-G., CRIQUI, M.H., JOHNSON,N., CHAMBLESS,L.E. The association

of dyslipoproteinemia with symptomsand signs of peripheral arterial disease: The Lipid Re-

search Clinics Program Prevalence Study. Circulation 73(Supplement1):1-100, 1986.

POOLING PROJECT RESEARCH GROUP.

_

Relationship of blood pressure, serum

cholesterol, smoking habit, relative weight and ECG abnormalities to incidence of major

coronary events: Finalreport of the Pooling Project. Journal ofChronic Diseases 31 (4):201-

306, April 1978.

R.J. REYNOLDS TOBACCOCOMPANY.Chemical and Biological Studies on NewCigarette

Prototypes That Heat Instead of Burn Tobacco. Winston-Salem, North Carolina: R.J.

Reynolds Tobacco Company,1988.

RANTAKALLIO,P., KOIRANEN,M. Neurological handicaps among children whose mothers

smoked during pregnancy. Preventive Medicine 16:597-606, 1987.

RAUTAHARIJU, P.M., PRINEAS,R.J., EIFLER, W.J., FURBERG,C.D., NEATON,J.D.,

CROW. R.S.,STAMLER,J., CUTLER,J.A. Prognostic value ofexercise electrocardiogram

in menat highrisk of future coronary heart disease: Multiple Risk Factor Intervention Trial

experience. Journal of the American College of Cardioiogy 8(1):1-10,July 1986.

RIVENSON,A., HOFFMANN,D., PROKOPCZYK,B., AMIN,S., HECHT,S.S. Induction

of lung and exocrine pancreas tumors in F344 rats by tobacco-specific and areca-derived N-

nitrosamines. Cancer Research 48(23):6912-6917, December1, 1988.

ROBERTS,D.L. Natural tobaccoflavor. Recent Advancesin Tobacco Science: Chemical and

Sensory Aspects ofTobacco Flavor 14:49-81, 1988.

ROGERS, R.L., MEYER, J.S., SHAW,T.G., MORTEL,K-F., HARDENBERG,J.P., ZAID,

R.R. Cigarette smoking decreases cerebral blood flow suggesting increased risk for stroke.

Journal of the American Medical Association 250(20):2796♥2800, November25, 1983.

ROGERS,R.L., MEYER,J.S., JUDD, B.W., MORTEL,K.F. Abstention from cigarette smok-

ing improves cerebral perfusion among elderly chronic smokers. Journal of the American

Medical Association 253(20):2970-2974, May 24-31, 1985.

RONNEVIK,P.K., GUNDERSEN,T., ABRAHAMSEN,A.M.Effect of smoking habits and

timolol treatment on mortality and reinfarction in patients surviving acute myocardial infarc-

tion. British Heart Journal 54(2):134-139, August 1985.

ROSENBERG.L. Case-control studiesofrisk factors for myocardialinfarction among women.

In: Eaker, E.D., Packard, B., Wenger, N.K., Clarkson, T.B., Tyroler, H.A. (eds.) Coronary

Heart Disease in Women. Proceedings ofan N.1.H. Workshop, 1987, pp. 70-77.

ROSENBERG,L., MILLER, D.R., KAUFMAN,D.W., HELMRICH, S.P., VAN DE CARR,

S., STOLLEY,P.D., SHAPIRO,S. Myocardial infarction in womenunder50 years of age.

Journalofthe American Medical Association 250(20):2801-2806, November25, 1983.

RUSH, D., CASSANO,P. Relationship of cigarette smoking and social class to birth weight

and perinatal mortality amongall births in Britain, April 5-11, 1970. JournalofEpidemiol-

ogy and Community Health 37:249-255, 1983.

SACCO, R.L., WOLF, P.A.. BHARUCHA, N.E., MEEKS, S.L., KANNEL, W.B.,

CHARETTE,J., MCNAMARA,P.M., PALMER,E.P., D☂AGOSTINO, R. Subarachnoid

and intracerebral hemorrhage: Natural history, prognosis, and precursive factors in the

Framingham Study. Neurology 34:847-854,July 1984.

M11



SALONEN,J.T., PUSKA,P., TUOMILEHTO,J., HOMAN,K. Relation of blood pressure,serum lipids, and smokingto the risk of cerebral stroke: A longitudinal study in eastern Fin-land. Stroke 13(3):327-333, May-June 1982.
SAMET, L.M., HUMBLE, C.G., PATHAK,D.R. Personal and family history of respiratory dis-ease and lung cancerrisk. American Review ofRespiratory Disease 134(3):466-470,Sep-tember 1986.
SAMET,J.M., HUMBLE, C.G., SKIPPER, B.E., PATHAK, DR. History ofresidence and lungcancerrisk in New Mexico. American Journal ofEpidemiology 125(5):800-8| 1, 1987.SAMET,J.M., MARBURY, M.C., SPENGLER,J.D. Health effects and sources of indoorairpollution. Part 1. American Review ofRespiratory Disease 136:1486-1508, 1987,SAMET,J.M., TAGER,LB., SPEIZER, F.E. The relationship between respiratory illness inchildhood andchronic air-flow obstruction in adulthood. American Review ofRespiratoryDisease 127(4):508-523, April 1983.
SAMET,J.M., WIGGINS,C.L., HUMBLE, C.G., PATHAK, DR. Cigarette smoking and lungcancer in New Mexico. American Review ofRespiratory Disease 137:1110-1] 13, 1988.SANDLER,R.B., SLEMENDA,C.W., LAPORTE,R.E., CAULEY,J.A., SCHRAMM,M.M.,BARRESI, M.L., KRISKA, A.M. Postmenopausal bone density and milk consumption inchildhood and adolescence. American Journal of Clinical Nutrition 42:270-274, August1985.
SARACCI, R. The interactions of tobacco smoking and other agents in cancer etiology.Epidemiologic Reviews 9:175-193, 1987.
SASSON, L.M., HALEY, N.J., HOFFMANN,D., WYNDER, E.L., HELLBERG,D., NILS-SON,S. Cigarette smoking and neoplasia of the uterine cervix: Smoke constituents in cer-vical mucus. New England Journal ofMedicine 312(5):315-316, January 31, 1985.SCHARDEIN,J.L. Chemically Induced Birth Defects. New York: Marcel Dekker, 1985.SCHOTTENFELD,D. Epidemiology of cancer of the esophagus. Seminars in Oncology11(2):92-100, June 1984.
SEPKOVIC,D.W., HALEY, N.J., HOFFMANN,D. Elimination from the body of tobaccoproducts by smokers and passive smokers, (Letter.) Journal ofthe American Medical Associ-ation 256(7):863, August 15, 1986.
SKILLRUD, D.M., OFFORD,K.P., MILLER, R.O. Higherrisk of lung cancer in chronicobstructive pulmonary disease. A prospective, matched, controlled study. Annals of Inter-nal Medicine 105(4):503-507, October 1986.
SLONE,D., SHAPIRO,S., KAUFMAN, D.W., ROSENBERG,L., MIETTINEN,O.S., STOL-LEY, P.D. Risk of myocardial infarction in relation to current and discontinued use of oralcontraceptives. New England Journal ofMedicine 305:420-424, August 21, 1981.SONTAG,S..GRAHAM,D.Y., BELSITO,A., WEISS, J., FARLEY, A., GRUNT, R., COHEN.N., KINNEAR,D., DAVIS, W., ARCHAMBAULT,A., ACHORD,J., THAYER,W., GIL-LIES, R., SIDIROV, J., SABESIN, S.M.. DYCK, W., FLESHLER,B., CLEATOR,L.,WENGER,J., OPEKUN, A. JR. Cimetidine, cigarette smoking, and recurrence of duodenalulcer. New England Journal ofMedicine 311(11):689-693, September 13, 1984,SOWERS, M., WALLACE,R.B., LEMKE,J.H. Correlates of forearm bone mass amongwomen during maximal bone mineralization. Preventive Medicine 14:585-596, 1985,SPENGLER,J.D., SEXTON, K. Indoor air pollution: A public health perspective. Science221(4605):9-17, July 1, 1983.
STAMLER, J.. WENTWORTH,D.N.. NEATON,J.D., MRFIT RESEARCH GROUP. Mid-dle-aged American menat very low risk of coronary death: 6-year findings on the 356,222screenees of the Multiple Risk Factor Intervention Trial (MRFIT). Paper presented at theTenth World Congress of Cardiology, Washington, D.C., September 1986.

112



STEDMAN, R.L. The chemical composition oftobacco and tobacco smoke. Chemical Reviews

68(2): 153-207, April 1968.

STEIN, Z., KLINE,J., LEVIN, B., SUSSER, M.. WARBURTON,D. Epidemiologic studies

of environmental exposures in human reproduction. In: Berg, G.G., Maillie, HD. (eds.)

Measurement ofRisks. New York: Plenum Press, 1981, pp. 163-183.

STUART-HARRIS, C.H. The epidemiology and evolution of chronic bronchitis. British Jour-

nal of Tuberculosis and Diseasesof the Chest 48(3):169-178, July 1954.

STUART-HARRIS, C.H. Chronic bronchitis. (Part 1). Abstracts of World Medicine 42(9):

649-669, September 1968a.

STUART-HARRIS, C.H. Chronic bronchitis. (Part II). Abstracts of World Medicine 42(10):

737-751, 1968b.

SUAREZ, L., BARRETT-CONNOR,E. Interaction between cigarette smoking and diabetes

mellitus in the prediction of death attributed to cardiovascular disease. American Journal of

Epidemiology 120(5):670-675, 1984.

SULLIVAN, J.M., VANDER ZWAAG,R., LEMP, G.F., HUGHES. J.P.. MADDOCK,V..,

KROETZ, F.W., RAMANATHAN,K.B., MIRVIS, D.M. Postmenopausal estrogen use and

coronary atherosclerosis. Annals ofInternal Medicine 108(3):358-363, March 1988.

TAHA,A., BALL, K.P., ILLINGWORTH, R.D. Smoking and subarachnoid haemorrhage.

Journalofthe Royal Society ofMedicine 75(5):332-335, May 1982.

TANAKA,H., UEDA, Y., HAYASHI, M., DATE, C., BABA, T., YAMASHITA,H., SHOJI,

H., TANAKA, Y., OWADA,K., DETELS, R. Risk factors for cerebral hemorrhage and

cerebral infarction in a Japanese rural community. Stroke 13(1):62-73, 1982.

TOKUHATA,G.K.,_LILIENFELD, A.M. Familial aggregation of lung cancer in humans. Jour-

nal of the National CancerInstitute 30(2):289-312, February 1963a.

TOKUHATA,G.K., LILIENFELD, A.M. Familial aggregation of lung cancer amonghospital

patients. Public Health Reports 78(4):277-283, April 1963b.

U.S. DEPARTMENTOF HEALTH AND HUMANSERVICES.The Health Consequences of

Smoking for Women. A Report of the Surgeon General. U.S. Department of Health and

HumanServices, Public Health Service, Office of the Assistant Secretary for Health, Office

on Smoking and Health, 1980.

U.S. DEPARTMENT OF HEALTH AND HUMANSERVICES. The Health Consequences of

Smoking. The Changing Cigarette: A Report of the Surgeon General. U.S. Department of

Health and Human Services, Public Health Service, Office of the Assistant Secretary for

Health, Office on Smoking and Health. DHHS Publication No. (PHS) 81-50156, 1981.

U.S. DEPARTMENT OF HEALTH AND HUMANSERVICES.The Health Consequences of

Smoking: Cancer. A Report ofthe Surgeon General. U.S. Department of Health and Human

Services, Public Health Service, Office on Smoking and Health. DHHS Publication No.

(PHS) 82-50179, 1982.

U.S. DEPARTMENT OF HEALTH AND HUMANSERVICES.The Health Consequencesof
Smoking: Cardiovascular Disease. A Report of the Surgeon General. U.S. Department of

Health and HumanServices, Public Health Service, Office on Smoking and Health. DHHS

Publication No. (PHS) 84-50204, 1983.

U.S. DEPARTMENT OF HEALTH AND HUMANSERVICES.The Health Consequences of

Smoking: Chronic Obstructive Lung Disease. A Reportofthe Surgeon General. U.S. Depart-

ment of Health and HumanServices, Public Health Service, Office on Smoking and Health.

DHHSPublication No. (PHS) 84-50205, 1984.

U.S. DEPARTMENT OF HEALTH AND HUMANSERVICES,The Health Consequencesof

Smoking: Cancer and Chronic Lung Disease in the Workplace. A Report of the Surgeon

General. U.S. Departmentof Health and HumanServices, Public Health Service, Office on

Smoking and Health. DHHS Publication No. (PHS) 85-50207, 1985.



U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health C.onsequences ofInvoluntary Smoking, A Report of the Surgeon General. U.S. Department of Health andHumanServices, Public Health Service, Centers for Disease Control. DHHSPublication No.
(CDC) 87-8398, 1986a.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The HealthConsequences ofUsing Smokeless Tobacco. A Report ofthe Advisory Committee to the Surgeon General, 1986,U.S. Departmentof Health and Human Services, Public Health Service. NIH Publication No.
86-2874, April 1986b.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequencesof
Smoking: Nicotine Addiction. A Report ofthe Surgeon General, 1988. US. Departmentof
Health and Human Services, Public Health Service, Centers for Disease Control, Centerfor
Health Promotion and Education, Office on Smoking and Health. DHHS Publication No.
(CDC) 88-8406, 1988.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-
quences ofSmoking. A Report to the Surgeon General: 1971. U.S. Departmentof Health,
Education, and Welfare, Public Health Service, Health Services and Mental Health Ad-ministration. DHEW Publication No. (HSM) 71-7513, 1971.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-quences ofSmoking. A Report of the Surgeon General: 1972. US. Departmentof Health,Education, and Welfare, Public Health Service, Health Services and Mental Health Ad-ministration. DHEW Publication No. (HSM)72-7516, 1972.
U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-
quences ofSmoking. U.S. Departmentof Health, Education, and Welfare, Public Health Ser-
vice, Health Services and Mental Health Administration. DHEW Publication No. (HSM)73-
8704, 1973.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-
quences ofSmoking, 1977-1978. U.S. Department of Health, Education, and Welfare, PublicHealth Service, Office of the Assistant Secretary for Health, Office on Smoking and Health.DHEWPublication No. (PHS) 79-50065, 1978.

U.S. DEPARTMENTOF HEALTH, EDUCATION, AND WELFARE. Smoking and Health.
A Reportofthe Surgeon General. U.S, DepartmentofHealth, Education, and Welfare, Public
Health Service, Office of the Assistant Secretary for Health, Office on Smoking and Health.DHEWPublication No. (PHS) 79-50066, 1979.

U.S. PUBLIC HEALTH SERVICE. Smoking and Health. Report of the Advisory Committee
to the Surgeon Generalofthe Public Health Service. US. Departmentof Health, Education,
and Welfare, Public Health Service, Center for Disease Control. PHS Publication No. 1103,1964.

U.S. PUBLIC HEALTH SERVICE. The Health Consequences ofSmoking. A Public Health
Service Review: 1967. U.S. Department of Health, Education, and Welfare, Public Health
Service. PHS Publication No. 1696, revised 1968.

U.S. PUBLIC HEALTH SERVICE. The Health C.onsequences ofSmoking. 1969 Supplement
to the 1967 Public Health Service Review. U.S. Departmentof Health, Education, and Wel-
fare, Public Health Service. PHS Publication No. 1696-2 (Supplement), 1969.

VESSEY, M.P., LAWLESS, M., YEATES, D. Oral Contraceptives and stroke: Findingsin a
large prospective study. British Medical Journal 289(6444):530-531, September1, 1984,

VLIETSTRA, R.E., KRONMAL,R.A., OBERMAN,A., FRYE, R.L., KILLIP, T. Hl. Effect
ofcigarette smoking onsurvivalofpatients with angiographically documented coronary artery
disease: Report from the CASS Registry. Journal of the American Medical Association255(8):1023-1027, February 28, 1986.

114



WAKEHAM,H.Sales weighted average ☜tar☝ and nicotine deliveries of U.S. cigarettes from

1957 to present. In: Wynder, E., Hecht, S. (eds.) Lung Cancer, UICC Technical Report

Series, Volume 25. Geneva: International Union Against Cancer, 1976, pp. 151-152.

WALD,N.J., IDLE, M., BOREHAM,J., BAILEY, A. VANVUNAKIS, H. Serum cotinine

levels in pipe smokers: Evidence against nicotine as cause of coronary heart disease. Lancet

2:775-777, October 10, 1981.

WALD, N.J., RITCHIE, C. Validation of studies on lung cancer in non-smokers married to

smokers. (Letter.) Lancet 1(8385):1067, May 12, 1984.

WEITZ,J.I., CROWLEY, K.A., LANDMAN,S.L., LIPMAN,B., YU, J. Increased neutrophil

elastase activity in cigarette smokers. Annals ofInternal Medicine 107:680-682,1987.

WHITTEMORE,A.S., PAFFENBERGER,R.S. JR., ANDERSON,K., LEE, J.E. Early precur-

sors of site-specific cancers in college men and women. Journalof the National Cancer In-

stitute 74:43-51, 1985.

WILLETT, W.C.,GREEN, A., STAMPFER,M.J., SPEIZER,F.E., COLDITZ, G.A., ROSNER,

B., MONSON,R.R., STASON, W., HENNEKENS, C.H.Relative and absolute excess risks

of coronary heart disease among women who smoke cigarettes. New England Journal of

Medicine 317(20):1303-1309, November 19, 1987.

WILLETT, W., STAMPFER,M.J., BAIN, C., LIPNICK, R., SPEIZER, F.E., ROSNER,B..

CRAMER,D., HENNEKENS, C.H. Cigarette smoking, relative weight, and menopause.

American Journal ofEpidemiology 117(6):651-658, 1983.

WILLIAMS, R.R., HASSTEDT, S.J., WILSON, D.E., ASH, K.0., YANOWITZ, F-F.,

REIBER, G.E., KUIDA, H. Evidence that the men with familial hypercholesterolemia can

avoid early coronary death: An analysis of 77 gene carriers in four Utah pedigrees. Journal

of the American Medical Association 255(2):219-224, January 10, 1986.

WINKELSTEIN,W.JR., SHILLITOE,E.J., BRAND,R., JOHNSON,K.K. Further comments

on cancer of the uterine cervix, smoking, and herpesvirus infection. American Journal of

Epidemiology 119(1):1-8,January 1984.

WITTEKINDT,W. Changesin recommendedplantprotecting agents for tobacco. Tabak Jour-

nal International 5:390,392-394, October 1985.

WOLF, P.A., D☂AGOSTINO, R.B., KANNEL, W.B., BONITA, R., BELANGER, A.J.

Cigarette smoking as a risk factor for stroke. The Framingham Study. Journal of the

American Medical Association 259(7):1025♥1029, February 19, 1988.

WOLFE,P.A., DAWBER,T.R., THOMAS,H.E. JR., KANNEL, W.B. Epidemiologic assess-

ment of chronic atrial fibrillation and risk of stroke: The Framingham Study. Neurology

28:973-977, October 1978.

WYNDER,E.L., HOFFMANN, D. Tobacco and Tobacco Smoke. Studies in Experimental

Carcinogenesis. New York: Academic Press, 1967.

WYNDER,E.L., MABUCHI, K., BEATTIE, E.F. JR. The epidemiology of lung cancer. Jour-

nal of the American MedicalAssociation 213(13):2221-2228, September 28, 1970.

WYNDER,E.L., STELLMAN,S.D. Impactof long-term filter cigarette usage on lung and

larynx cancerrisk: A case-control study. Journal ofthe National CancerInstitute 62(3):471-

477, March 1979,

YAMASAKI, E., AMES, B.N. Concentration of mutagens from urine by adsorption with the

nonpolar resin XAD-2: Cigarette smokers have mutagenicurine. (Detecting Carcinogensin

Urine or Aqueous Liquids/Salmonella Test). Proceedings ofthe NationalAcademy ofScience

74(8):3555-3559, August 1977.

YEUNG, M.C, DY BUNCIO, A. Leukocyte count, smoking, and lung function. American

Journal ofMedicine 76(1):31-37, January 1984.

115



116

ZAHM,S.H., HARTGE,P., HOOVER,R. The Nati
in the chemical industry. Journal
1987.

ZIMMERMAN,B.R., PALUMBO,P.J., O°FALLON, W.M., OSMUNDSON, P.J., KAZIMER,FJ. A prospective study ofperipheral occlusive arterial disease in diabetes. I. Clinicalcharacteristics of the subjects. MayoClinic Proceedings 56:217-222, April 1981.

onal Bladder Cancer Study: Employment
of the National Cancer Institute 79(2):217-222, August



CHAPTER3

CHANGES IN SMOKING-ATTRIBUTABLE

MORTALITY

117



CONTENTS
 

 

 

 

 

 

 

 

Introduction 0.0.0.0... 0ceceeen eee beet tent eeee 121

A Twenty-Year Perspective: 1965-85 .. 020.eens 122

The Concept of Attributable Risk 2.0.0.0. 0.0eeee eens 122

Mathematics of Attributable Risk ........ 000.0 ceeeee 123

Illustrative Calculation: Smoking and Lung Cancer in Women ...........- 125

Uncertainties in Attributable Risk ... 2.0.2.0... eceee ene 127

Aggregation Bias Versus Statistical Precision .............+----005 127

Age-Standardization 2.0... 0... c ceceeens 127

Potential Biases in Applying the Results of Prospective

Studies to the General Population ............. 00.020. e eee 128

Uncertainties in Exposure 2.0...eeeee 129

Errors in the Classification of Causes of Death ................00-- 130

Previous Estimates of Attributable Risk from Cigarette Smoking .......... 130

Populations at Risk: 1965 and 1985) 0.1... 6.eeeees 132

Cigarette Smoking and Other Forms of Tobacco Use ............-2200055 133

Older Cohorts of Cigarette Smokers .......... 0... cece eee eee eens 134

Overlapping Populations at Risk ........... 0.0.nes 136

Changesin the Cigarette Product ........ 0... ccc cece eee 138

Other Changesin the Cigarette Smoking Population ...................5. 139

Those Smokers Most at Risk in 1985 Were Also Smokers in 1965 .......... 140

Cancer Prevention Study I and Cancer Prevention Study I] .........--+.---- 140

Nonsmokers☂ Death Rates ....... 0.0... c cece eee eeteene 141

Current Cigarette Smokers☂ Death Rates: Lung Cancer ..............---- 143

Current Cigarette Smokers☂ Death Rates: Coronary Heart Disease ......... 144

Current Cigarette Smokers☂ Death Rates: Chronic Obstructive

Pulmonary Disease ... 1.22.0... 0. c cece ee een e tenes 146

Estimated Relative Risks from CPS-I and CPS-II «1.2... 0.0.2... eee ee eee 146

Endocrine and Sex-Related Cancers in Women ............0 00 seer ee eeee 152

Summary ......0.0..0 0.00eeeteeter enn es 152

Smoking-Attributable Mortality in the United States, 1965and1985 ........- 153

Conclusions 0.0.0... cc ceceeeence eee teens 161

References 2.0.00... cece cece ene teen eee eee eee nena 162

119



Introduction

In 1938, Raymond Pearl reported elevated death rates among white males who

smokedtobacco, especially those aged 30 to 60 years (Pearl 1938). Pearl's study of

6,800 subjects revealed the increase in mortality risk to be highest among heavy

smokers. In 1954, Hammondand Horn reported on the 20-month followup oftheir

prospective study of 188,000 white men, aged 50 to 69 years (Hammond and Horn

1954). Death rates were highest among men who smokedcigarettes but not other tobac-

co products, and increased with the amountof cigarette use. Overall, the number of

deaths amongcigarette smokers was 52 percent greater than would be expected from

nonsmokers☂ mortality rates. Most of the increased mortality could be attributed to

deaths from cancer and especially from coronary heart disease (CHD).

In 1964, the Advisory Committee to the Surgeon General reviewed seven prospec-

tive studies of smoking and mortality, encompassing over 1.7 million entrants. For the

1.1 million male enrollees, the overall mortality ratio, defined as the observed number

of deaths in current cigarette smokers divided by the number expected from

nonsmokers☂ rates, was 1.68. ☜Forall seven studies,☝ the Committee stated, ☜coronary

artery disease is the chief contributor to the excess number of deaths of cigarette

smokers over nonsmokers, with lung cancer uniformly in second place. For all seven

studies combined, coronary artery disease (with a mortality ratio of 1.7) accounts for

45 percentof the excess deaths amongcigarette smokers, whereas lung cancer (with a

ratio of 10.8) accounts for 16 percent☝ (US PHS 1964, p. 30).

In 1979,the Surgeon General described cigarette smokingas ☜the single most impor-

tant preventable environmental factor contributingto illness, disability and death in the

United States☝ (US DHEW 1979,p. vii). The 1982 Surgeon General☂s Report, citing

ananalysis by Doll and Peto (1981), estimatedthat for the year 1978, tobacco use caused

122,000 cancer deaths in men and women (US DHHS1982). For 1982,the estimate

for smoking-caused cancers was 129,000 (US DHHS 1982). The 1983 Surgeon

General☂s Report estimated that 170,000 Americans died annually from CHD caused
by cigarette smoking (US DHHS 1983). ☜During 1965-1977,☝ the Report noted, ☜there

were an estimated 2.8 million premature deaths from heart disease, primarily CHD,in

American men and womenattributable to the use of tobacco☝ (US DHHS1983,p. 66).

The 1984 Report estimated that 80 to 90 percent of the 62,000 deaths from chronic

obstructive lung disease (COLD),referredto later in this discussion as chronic obstruc-

tive pulmonary disease (COPD), in the United States in 1983 were attributable to

cigarette smoking (US DHHS 1984). ☜Over 50,000 of the COLD deaths cantherefore

be considered preventable and premature since these individuals would not have died
of COLDif they had not smoked☝ (US DHHS 1984,p.ii). In 1987, the Economic

Report of the President stated, ☜Smoking presents the largest single source of health

risk in America☝ (U.S. President 1987, p. 184).

This Chapter further delineates the mortality consequencesof cigarette smoking in

the United States. Deaths attributable to cigarette smoking are reported for two

benchmark years♥1965 and 1985. The Chapter focuses on the health consequences

of smoking for current and formercigarette smokers. Deaths of nonsmokers caused by

environmental tobacco smoke (National Research Council 1986;US DHHS1988a) and
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deaths from cigarette-related fires (Consumer Product Safety Commission 1987; Bot-
kin 1988) are not discussed, nor are the morbidity consequencesof cigarette smoking
(US DHEW 1979; Riceet al. 1986).

A Twenty-Year Perspective: 1965-85

The two-decade interval, 1965-1985, was selected primarily for reasons of data
availability. The year 1985 was the mostrecent one for which complete, nationwide,
cause-specific mortality statistics were available from the National Center for Health
Statistics (NCHS). Moreover, in both 1965 and 1985, questions on cigarette use were
appendedto the National Health Interview Survey (NHIS), a nationally representative,
face-to-face interview survey that has been conducted annually by NCHS (Masseyet
al., 1987; NCHS 1986). In particular, 1985 was the most recentfull year for which
complete population-weighted data from the NHIS wereavailable (see Chapter 5).

In addition, the years 1965 and 1985 represented the approximate midpoints of two
large-scale prospective surveys of smoking and mortality among men and womenin
the United States, both sponsored by the American Cancer Society. In the first of these
two prospective studies (Garfinkel 1980a,b, 1981; Hammond 1961, 1964a,b, 1966,
1968, 1969, 1972; Hammond and Garfinkel 1961, 1964, 1966, 1968, 1969, 1975; Ham-
mond et al. 1976; Hammond and Seidman 1980; Lew and Garfinkel 1984, 1988), about
1 million persons were followed from 1959 through 1972. In the second study (Gar-
finkel 1985; Stellman and Garfinkel 1986; Stellman, Boffetta, Garfinkel 1988), about
1,2 million participants were followed from 1982 through 1988. The two studies will
be referred to, respectively, as ☜Cancer Prevention Study I (CPS-D☝ and ☜Cancer
Prevention StudyII (CPS-II).☝ In particular, this Chapter will present unpublished,
preliminary results from the 4-year followup (1982-86) of CPS-II.
The theory, mathematics, limitations, and other methodological issues concerning

the calculations of smoking-attributable mortality are described in the next section. The
results of the analysis follow thereafter. Readers interested primarily in those results
may proceed directly to the Sectionentitled ☜Populations at Risk: 1965 and 1985.☝

The Conceptof Attributable Risk

In 1953, Levin estimated that 62 to 92 percentof all male lung cancers were ☜at-
tributable to cigarette smoking☝ (Levin 1953). Levin☂s computations addressed the
general problem: How manycasesofa disease in a given population can be explained
by the presenceof a particular hazardous agentora particular personaltrait? Put dif-
ferently, how many cases would have been avoidedbutfor the presenceof the agentor
the trait (Doll and Peto 1981)?

In principle, the answer requires an experiment whereby diseaserates are measured
before andafter the complete elimination of the hazardous agentor particular trait from
the population ofinterest. Since this type of experimentis usually impractical, the most
widely used approachis to estimate disease rates in representative sample populations
of exposed and unexposed persons. Theresults are then extrapolated to the population
of interest.
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Thephrase☜cases attributable to agent A☝is often used interchangeably with ☜cases

caused by agent A.☝ Thelatter term is meaningful so long as it is recognized that

☜caused☝refers to an entire population rather than to any single, predetermined mem-

ber of the population. Thus,the scientific validity of an estimate that 1,000 lives would

be saved by the removal of some hazardous agent does not hinge upon naming the

namesof the people to be saved.

The population-based notion of causationis especially importantfor chronic diseases

with multiple causes. Agent A, forexample, may promoteor enhancethe disease-caus-

ing effect of agent B. A case-by-case analysis ofafflicted individuals may neveriden-

tify agent A as the primary cause in a single instance. Yetits elimination might sub-

stantially reduce disease incidence in the population under study.

Moreover,the conceptofattributable risk generally requires a timeframe. In an as-

sessmentofthe effects of removing a hazardousagent, a researcher could ask how many

cases of a specific disease could be avoided in a specified time period, such as | year.

Whenthedisease has multiple causes,this quantity may differ from the numberofcases

of the disease that may eventually be avoided. By specifying a timeframe,the re-

searcher inquires not whether such cases could be completely prevented, but whether

their premature occurrence could be avoided.

For many diseases, death rates are more accessible andreliable than diseaserates.

Accordingly, computationsof ☜attributable deaths☝ from a disease have been used in

place of ☜attributable cases☝of the disease. Because death from one causeor another

is inevitable, such computations necessarilyreferto a specific time period during which

premature mortality may have been prevented.

Mathematics of Attributable Risk

Let d1 and do, respectively, denote the incidence rates (in terms of new casesper unit

time) of a particular disease among two sample cohorts♥one exposed to a hazardous

agent, the other unexposed. The two samples are assumednotto differ materially in

any otherrespect, so that both would experience disease incidence doin the absenceof

exposure. Accordingly, the difference di♥do measures the increase in disease in-

cidence,or absoluterisk, due to the agent. Moreover,the unitless ratio r =d1/do, termed

the relative risk, measures the degree to which the hazardous exposure multiplies the

baseline incidencerate. It is often employed as a measure of the epidemiologic and

biological significance of an observed association between an agent and a particular

disease (Lilienfeld and Lilienfeld 1980; US DHEW 1979).

In the exposed cohort, the proportion of disease casesattributable to the hazardous

agent is thus equal to s=(d}-do)d1 (which equals (r♥1)/r). This quantity has been

variously termed the assigned share or probability of causation orattributable propor-

tion of risk among the exposed (Bond 1981; Oftedal, Magnus, Hvinden 1968; Black

and Lilienfeld 1984; National Research Council 1984; Cox 1987).

For some hazardousagents, such as cigarette smoke,the disease incidence rates d}

and do andtherelativerisk r have beenestimateddirectly from prospective longitudinal

studies of exposed and unexposed cohorts. Alternatively, retrospective case-control

studies do notprovide estimatesofdi and do butyield a close approximationto the rela-
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tive risk when incidenceofthe diseaseis low (Cornfield 1951). Both types of studies
provide estimates of the assigned share s.
The estimateofrelative risk r, derived from epidemiologic studies,is then applied to

the population ofinterest. Let p denote the proportion of exposed persons in the sub-
Ject population, estimated independently from survey data. Then the quantity f =
pri{p(r♥l)+1] is the fraction ofall cases of the disease (in a given time interval) that
occurs among exposed personsin the subject population. This is sometimescalled the
☜case fraction☝(Miettinen 1974). Moreover,if fraction fotall cases occurs amongex-
posed persons, and iffraction s of such exposedcasesis attributable to the hazardous
agent, then the fraction ofall cases attributable to the agent is a=fs. From the defini-
tionsoffand s, the quantity @ can be expressed as

a= p(r-l) W)
pa-l+l

This is Levin☂s measureofattributable risk, also termed etiologic fraction (Miettinen
1974), attributable fraction (CDC 1987b), and population-attributable risk (MacMahon
and Pugh 1970). Whena is expressed in percentageterms,it is often termed percent
attributable risk or population-attributable risk percentage.
Equation (1) shows howtheattributable risk a depends upon boththerelative risk r

and the proportion exposed p. Thus, an agent maybesignificant in the causation of
disease among exposedpersons so thatits relative tisk r greatly exceeds 1. Yet that
agent may Cause a small proportion ofall cases of the disease because exposure rates
p are low. Conversely, an agentthatis widely prevalent(with large p) maycontribute
substantially to the total numberof cases, even whenitsrelative risk r ts Close to unity.
As a consequence ofequation (1), the logistic transformation ofa is

a
log (oa) = log p + log (r-1) (2)

where log denotesthe natural logarithm. Equation (2) provides a convenient method
of decomposing the uncertainty in the attributable risk a into two components♥uncer-
tainty in the proportion exposed p and uncertainty in therelative riskr.

Levin's measureofattributable risk can be generalized to cases where there are mul-
tiple levels of exposure, multiple causative agents, or confounding orstratifying vari-
ables, or when an agentcan prevent a disease (Walter 1976; Miettinen 1974). In the
case of multiple levels of exposure, it is convenienttolet dx denote the incidence rate
and rx = dk/do denote the relative risk for the k-th exposure level. Similarly, let px
denote the proportion of the subject population exposedat the k-th level. Then Sk =
(rk-1)/rk is the assigned share among cases exposed at the k-th level. Likewise, the
quantity fr=pkrk/[Zkpk (7kK-1) +1],where Ly denotes summation over exposure levels,
is the fraction of all cases occurring among persons exposed at the k-th level. The
generalized formulafor attributable risk becomes 2k fk 5k, Which can be expressed as

x | ;ax kPk (rk-1) (3)
Xkpk (Tk~] y+]

Let D denote the total numberof cases of disease in the population ofinterest in a
given timeinterval. Then A = aZ is the estimated number of cases in the interval that
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are attributable to the agent. The quantity A is sometimescalled ☜attributable cases.☝

Whenrelative risks or exposure rates vary by age, sex, or other stratifying variables,

then separate estimates of A can be made for each combination ofvariables.

Whenthere are multiple causative agents, attributable risks can be computed for each

agent separately and for combined exposures. Thus, if agents X and Y both have a

causal role in the developmentof a particular disease,then the relative risk for agent X

may depend uponthe presence or absence of exposure to agent Y. When X and act

synergistically, some portionofthe totalrisk attributable to X will reflect the combined

contribution of X and Y. For example, indoor exposure to radon has recently beenes-

timated to account for about 13,300 lung cancer deaths annually in the United States

(Lubin and Boice 1988). Radon exposure and cigarette smoking interact synergistical-

ly in causing lungcancer(National Research Council 1988). Of the estimated 13,000

deaths attributable to radon exposure, about | 1,000 would be due to the combinedef-

fect of smoking and radon, while about 2,000 would reflect radon exposure in non-

smokers (Lubin and Boice 1988).

Illustrative Calculation: Smoking and Lung Cancer in Women

Table | providesa detailedillustrative application of Levin☂s methodto female deaths

from lung cancerin the United States during 1985. The population of female smokers

has been divided into ten exposurelevels: five categories of current cigarette smokers

based on the number consumedperday; and five categories of former cigarette smokers

based on the length of time since quitting. For each exposure category, the upper panel

shows the estimated prevalence px, derived from the 1985 NHIS. Also givenare es-

timatesofrelative risk rk derived from the 4-year followup (1982-86) of the second

American Cancer Society prospective study (Garfinkel and Stellman 1988). At each

exposure level, the upper panel also showsthe assigned share sk and the case fraction

tk

The computations are summarized in the lower panel of Table 1. For both current

and former smokers, as well as for all females atrisk, the estimated prevalences p rep-

resent the corresponding sums Zk px over the prevalencerates px in the individual sub-

categories. The casefractionsf likewise represent sumsofindividualfractionsfx, while

the attributable risks @ are derived from the corresponding sums Zk skfk. Attributable

deathsA are derived from the products aD, where D = 38,687 lung cancer deaths among

adult females in 1985.

Table 1 showsthat almosttwo-thirdsofall female lung cancer deaths occurred among

women whocurrently smoke one packor moredaily or who have quit smoking within

the last 5 years. Nine out of ten lung cancer deaths occurred in women with any his-

tory of regular cigarette use. Cigarette smoking accounted for an estimated 82 percent

of lung cancer deaths in women,or 31,600 deaths in 1985. About 9,300 (or 29 percent)

of the 31,600 female lung cancer deaths that were caused by smoking occurred among

former smokers.

Both the prevalence rates andthe relative risks in Table 1 are subject to sampling

variability. By a formula analogousto equation (2), a standard error for the logistic

transformation of a can be derived. Under the assumption that D has no sampling
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