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ABSTRACT—On the basis of dats avallsdle trom two ua}rum-
tative samples of lung nnwv desthy In the m«um States 09 wob)
83 nalions) monatity dtatlatics end other spicemiologic sludies,
the lung concer mommy tate has raen substantially anon
1914 ano 1986 smonp pmovu who aever smoked dumtm For
white males Ihe umlw increpse 100 apou 35-84 posrs " been
sbout 15-fold; the relalive Increade for opis 85-84 yesrs hes teon
aboud 30:fold. For white females the teistive Increase for ages
33-84 yesra huy been abpul seventold. Mo-l of the rolalive In-
Sreare octured bealor 1925 and was probadly du2 to chengee In
disgnontic eritetia, Howevas, Incresses hove conlinued up to the
pmml tor mate nommnhen. who now epparently have an an-

nusl m.mumu lnnn uncn desth sate of aboul 25 per 100 000
persons Belween the un 35-84 years. The n;lnn fung unm
rate among nonsmokers Indicates ihat tedtor In bddition o per-
sonsl cigarelle :molung huvv hod # signiticont effact on the mor-
tality rate from this dmuo In spile of the limited quality ol these
dato, they sugges! 1Al & more complels undersianding of lung
cancer eliology 15 noeded.—J Natl Concer inst 82 755-760,

1979,

Much efior over the past 30 yeavs has gone inio the
collection of epidemiologic evidence estadlishing and
confisming a siatistical relationship beiween lung can-
cer and cigarette smoking. To date the evidence appears
s0 overwhelming tha' there is general acceptance of the
conclusion in the 1964 Surgeon General's report: "Cig:
aretie smoking is causally related 10 Jung cancer in
men: the magnitude of the elfect of cigarette smoking
far outweighs all other factors. The data for women,
although less extensive, point in the same direction.™
(1) Nevertheless, the conclusion of causality is sull sub-
jected to cnticism (2). indeed. no mechanism for human
tobacco carcinogenesis has yer been successiully formu-
lated and tested and no randomized human uial has
ever been conducted io measwe the specific effect of
cither the immiation o1 the cessation of smoking on
subsequent lung cancer mortality. Also, many factors
other than personal cigarette smoking have not been
examined in great deim) in their relationship to Jung
cancer. In view of this, it is useful 1o exarmine Yung
cancer mortahty among nonsmokers who are subject
onh 1o laciors other than their own cigatette smoking
g, N

Wiuh this brel introduction. an analssls will be
made of existing data on lung cancer mortaly trends
among nonsmokets as well as among the total popu-
lation in the United States. Onc probable reason this
analvsis has not been done previously is that daia on
nonsmohers are limned Because of the low lung cancer
rates of nonsmokers, Jarge groups of nonsmaolers must
be studicd for long penods belote suthcem deaths
(rom lung cancer occur. Fortunstels, howeser, 1wo
large representanve survevs of the smoking hiswory of
Americans who died of lung canier are available
These survevs and concurrent sunevs of the smoling
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status of living Americans allow the @lculation of esti-
mated age-specific mortality rates for nonsmokers in
the entite U.S. populatian. These rates can then be
compared with early data on U.S. lung cancer monality
when cigaretie smoking was a relatively rare habit and
with cther lung cancer dasa from epidemiologic studies
of nonsmokers. In this paper, nonsmokers are defined as
persons who have never smoked cigareties. Although
nonsmokers here do not include former ngareue smok-
ers, they mav include present or former cigar and-or
pipe smokers.

MATERIALS AND METHODS

The earliest available nationa) lung cancer data are
for 1914, based on a death regisiration system composed
of 24 Swates with 62% of the total U.S. population (1, 5,
6). Only 185 white male and 143 white female Yung can-
cer deaths were recorded in 1914, and problemns with the
accuracy and representativeness of these data have been
discussed in detail elsewhere (6-8). For instance, in
recent years these 24 registration Siates have had signihi-
camuly higher lung cancer mortality rates than the other
Siates (7). Moze serious are the difficulties that existed in
1914 of correci)y diagnosing and classifving lung cancer
{8), as discussed later. Beginning in 1933 the death regis-
tration system included all States and 100% of the LS.
population. and age-specific death rates have since been
available on an annual basis (9, 10).

National Mortahty Survey, 1958-1959.—The Current
Morality sample, 2 representative 10% sample of all
deaths in the United States, provided the records of lung
cancer deaths for 2,381 whitc males 35 years old and
ove: during 1958 (17) and 749 white females 35 years old
and over during 1958 and 1958 (12). A questionnaire on
the residence and smoking history of each decedent was
sent 10 the family informant listed on the death ceruifi-
cate, and the overall response rate was 90%. The Bureav
of the Census collecied comparable inlormation on the
U.S. population as a supplement to the Curremt Popu-
Jation Survey for May 1958. From a represeintative na-
uional sampie of approximaiciy 35.000 households. his-
tories were obtained (rom 31,516 white males and $4.339
white females at least 35 years of age (17, 12).

National Mortality Survey, 1966-65.—~This survev
was conducied in a manner similor 10 that for the
1958-59 survey. Inlormation on deceased persons 35-84
years old in the United Siaies in 1966-68 comes lrom
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the Nauonal Mortahtv Survey, a lollow-back sunvev of
a representaine sample of 19,526 death regisuration
records, including 1.464 whie males and 319 whue
female Jung cancer deaths.’ By mail |questionnaire. sur-
viving family members and others named on the death
certificate provided smoking hisionies and social char-
aceeristics of the deceased person; the ovenall response
rate was 92%. Then. through the Current Population
Survey conducied by the Burcau of ‘the Census in Au-
gust 1967. smoking and socioeconomic information
comparable 1o that for the decedents, was oblained lor a
tepresentative national sample of 61,000 adulis §5-84
years old, including 25 266 whiwe males and 29,3508
white females. (13, 19.* ‘

Other eprdermologic studies of nonsmokess. —The
Dorn U.S. veierans study prospectively followed a co-
hort of 248,195 U.S. veierans who held aciive U.S.
Government lile insurance policies in 1958 (15). Most
of the entollees were healthy white male veterans of
World War I; 82% were whitecollar or skilled workers.
Mortality data are available on 54,344 men 35-84 years
old who never smoked regularly and who were followed
from July ), 1954, to December 81, 1962 (15).

The ACS “cancer prevention study'' prospectively
followed a cohort of 440.558 men and 562.67) women
who were enrolled beiween October 1959 and February
1960 by 68.116 ACS volunieer workers (26). The siudy
area included 1.121 counues of all sizes and types in 25
States. and the enrollces were essentially all whiie, not
seriouslv ill, and generally above average in socioeco-
nomic status. Mortaluy data are available on 95,849
males 35-84 years old who never smoked regulatly and
who were followed 1om date of enrollment to Sepiem-
bes 30. 1963. Age-specific death rates have been calcu-
lated [rom the deathis and person-years accumulated
alier an average 46 months of lollow-up (16). The pud-
lished daw are given according to age at start of swdy
and have bren modified with a life lable correciion to
make them comparable with data given according 10
atained age at death.® Lung cancer irates are also pub-
lished for this same cohornt followed through June 30,
1972 (17). but these sates are not available in sulficient
detail 1o warrant prescnuation here.

Inasmuch as no dewnled data are available lot na-
rional moraliy surveys or Jarge-scdle epidemiologic
swadies since 1968, one svurce for more recent Jung can-
cer mortality rates among white male nonsmokets 1s
data on acine Mormons in California and Uwah. Acuve
Mormons here are the Church leaders known as High
Pricsts and Seventres. These men can be chataciensed
as lifeame o1 long-term Mormons who adhere stnctly
10 the “Woird of Wadom.” a Church docinne lorbid-
ding the use of all forms of 10bacco. alcohol, collee.
and 1wa and recommending dictary moderation (18).
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They can be clfecuively considered to be @ cohornt of
males who never smoked; this assumption has been
tentatively confirmed by actual survey data on a small
sample of High Priests and Seventies (19). lmng Mor-
mon Chusch records. we obuined daia on both the
deaths 2nd the population at risk, as described elsewhere
(/8). The Jung cancer morality rates have been calcu-
Jated for an average 13,500 California High Priests and
Sevensies during 1968-75 and 50.000 Uwah High Priests
and Seventies during 1970 and 1975. A woual of 63 lung
cancer deaths have occurred among 208,000 person-years
of moruality experience for ages 35 10 84 years. These
daa are detailed elsewhere {(19). Enstrom JE: Unpub-
lished data). Active Mormons are not 2 representative
sample of all U.S. white males who have never smoked.
but they are similar in total morality 10 the LS. veteran
and ACS cohorts of nonsmokers, as will be discussed
later.

RESULTS
Lung Cancer Mortality Rates

The age-specific U.S. lung cancer mortality rates for
nonsmokers and the total population are shown in table
1 for white males and in wble 2 for white females.
Table 3 shows Jung cancer mortality sates from U.S.
epidemaologic studies for white male nonsmokers who
are not necessarily representative of the nation but who
provide additional data on nonsmokers. The rates are
given in 10-year intervals from ages 35 10 B4 years. with
an overall age-adjusted rate standardized to the 1960
U.S. populanon. Several comments below explain the
daa.

The 1914 age-specilic tates are for al) U.S. whites in
the death regisiration area. Inasmuch as no breakdown
is available by smoking status, the assumption will be
made that in 1914 nonsmokers had th: same rates as
the total population. This ptobably overestimates the
true nonsmoker rates. but is reasonable on the basis
that cigarette smoking was a relatively rare and minor
habit in 1914; onhy a small percentage of the men and
essentially no women had ever smoked cigarettes. and
the annpal cigareite consumption was 300 per person
at Jeast 15 years of age (20, 21). By comparison. in 1935
about 70% of the men and 40% of the women had ever
smoked cigareties (20). and the annual cigarewte con-
sumprion was 3,500 per person at least 15 vears of age
(21). Use of cigats, pipes. and other tobacco producis
has declined greanly since 191 (27) and hence has no
major influence on recent lung cancer rates compared
with the influence of cigareite smoking

Rapid choanges in nonsmoker tates ahier 1914 can be
seen by a comparison of the 1914 and 1935 ape-specific
rates for all U.S whutes. In 1985, males 65 vemrs old
and above and females 45 vears old ond above can el-
fecunelr be considered 10 have never smoked cigaretses
on the b.ms ol the 1955 sunves (20 The selamve in-
creases between 1914 and 1885 are approximatel o fac-
tor ol 10 for ages 65 vears and above

Agespectfic lung cancer rates ate published for 1958
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Rising Lung Cancer Mortelity Amonp Nohsmokers
Tapte 1 —Anmnual age-sperthe lump cancer mortality rates for US wwhite males wn 1804, 1935, 1955, and 1666-68
‘ serording to emoking status (deothe/100.000 persomd)
Never smoked CIgATEU  Nover smoked. Niver smoked cigarettes Total U.S populstion
T 1958 oS8 1966-68°  1914° 1935 1938 1966-68
35-44 051201 - 18(3) 18(D 23( 05 (2 42 90 129
45-54 14 1434 — 84 (5 84 (5) 85(3) 14 (43 132 46.5 586
55-64 30 1651 -— 127 (15) 148 (15) 822(20) 80 (&%) 20 1314 1907
6574 26 126) 267 20025  §37(25) 866(43) 26(26) 267 1852 2970
75-84 124) 233 850 (32)’ €97 (32) B899(38) 12(4) 233 1479 2131
35-84° 16 (148) — 108 (80) 183 (80) 228 (108) 16 (14B) 146 716 133
References ... (2. 5/ (13 (12 118). ste 2. 5 (%) (10) (10)

text foot.

notes 8

and 4

* Based on 1914 U'S death regitration area $5), rates for males who never smoked cigarettes heve been assumed to be the same

as those for all males Leee text) Numbers

n porentheses are the No of deaths on whith rate is based

* For ages 65 and above, rates for males who never smoked cigareiwss have been assumed to be the same as those for al) males

(600 text)

+ =Never smoked® is defined as “never smoked as meny & 5-10 packs of eigareties, 50-75 cigars. or 3=5 packages of pipe tobacco
during entire he™ {21} Numbers in parentheses are the No. of desths on which rate is based

% Each age-specific "never smoked cigarettes™ rate is obtained by multiplying 1958 “never smoked™ rate by the ratio of “never smoked

cigareites” rale 1o “hever smoked™ rate given in table 8 for 1954-63 pooled cohort. Numbera ¥n parenthens are the No. of deaths

on which rate is based

+=Never smoked cigarettes™ is defined as "never smoked at many as 6 packs of cigrarettes in entire life™ (see text footnote 3) Numbers

in porenthesrs are the No of desths on which rate is based
! These 1958 data sre for ages 715 yr and over (see wexu)

¢ Age-adjusted by the direct method to the 1960 U.S populstion 35-84 yr old.

TaBLE 2 —Annual age-specfic lung concer mortolity vates for U.S white females in 1914, 1985, 1958-59. amd 1966=68
acrording th smoking status (deaths’100.000 persoms) ‘

Never smoked

Tow) U.S popvlstion

A .y
ge. ¥t 1914 1935 1958-59° 1966-68°  1914° 193" 1968-59  1966-68
35-24 05119 - 02 (N 05(1) 0519 20 (155 28 a9
45-53 123 50315 88142y 27(6) 12481  50(315) 81 158
85-64 22441) 9B 13191 104 {10) 114{2)  22(4)} 9B (AY) 146 %8
6573 22125 M5 (312 210(152) 1963  22(25 M6 (872 us 360
75-b4 1518 15 (1360 340(154)" 8BS(55) L5 (8) 145 (136) 89 U3
35-84" 13 1120) - . 8310456 8302 18 Q12) 6813 17 91
References . ... 1. 5 (K1) (2 (13), see ext (1. ) (4] (10) (§{1}}
foosn:tes 3
an

* Based on 1914 U S death pegustration aren (5), rates for females who never smoked have been sssumed (o be the same as those for
o)l females tsee textt Numbers i parentheses are the No of deaths on which rate it based.

* For ages 45 and above, pates for females who never smoked have been assumed to be the same as those for sl females {srr text)
Numbers in parenthesss are the No of deaths bn which rete is based

+ “Never smoked® 15 defined s “never smoked o many as 5-10 packs of cigarettes during entire life™ {12) Numb=rs in parentheses

are the No of deaths on which rate i based

# ~Never smoked”™ equivalent to “never smoked ;t-ngareluzs.‘ which 15 delined as “never smoked as many as § packs of cigarsites
in entire hfe® {see text) Numbers an porenthespx are the No of deaths on which rate 13 based

* These 1955-39 dala are for oges 75 yr and over {ee text)

! Age-adjusted by the direct method to the 1960 U.S populstion 35-84 yr old

US white males and 1938-39 1S, white [emales who
“neves smohed” (21, 12). The age-spearfc rates for ages
75-84 years were assumed 10 be the same as the pub-
hshed sates for ages 75 years and above, inosmath a8
85% of the populanon over 75 years 1s briween ages
75-84 years: thr error in this assumpnion s Jess than 5%
. 0,

Age-specalic lung cancer mortalis raes for 1966-6R
LS. whine moles and whate females who neser smoked
cigarenes were calouluied from unpublished natonal
sunev data We oblained age-specifie tates by dimidine
the weighted sample of bung cancer deaths among whie

V0L 62 N0 4 APRI 19y

nonsmohers and the 1013] white population, as procured
from the 1966-68 Nauonal Momajus Suner’, by the
apptoptiate number of U.S white nonsmokers and total
whie populauon as determined from 1967 Curtemt
Populanon Survey of aigarette smoking habis (731
Finally, ench nonsmoker rate was adjuswd shghihy
when we muluphcd the ratio of nonsmoker rate 1o 101l
populutiun rate as determined fiom ‘the survey by the
actual correspombing 1966-6R LS satal stathsiaes vate,
2 somewhat similar adjusiment procedure was wwd on
the 1958-39 survey dat (223 Lung cancer deaths in
both the 1958-3Y znd 1906-08 suness are delined as
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TABLE 3 —Annual oge-speeific lung cancer mortality rates and tolal mortality rates among selected nonamoking white mole populations
wn the United States (deaths/1u0.000 prraons)

1960-63, ACS cohort 1953-63. pooled cohort

1954-62. U § veteran cohort

1868-75 active

Age. yt N”"‘""’k'f Never smoked Never smoked Never smoked  Never  Never emoked  Mormons*
or °:;‘|“’;'.°"° cigareties’ regularly”  cigaretles’ smoked’ eigarenes’
Lung cencer death rates
85-44 [ ()] [ (] 4 (D) 3 (2) 2 @ 2 2 0 (0)
45-54 [T ]) 5 (N 8§ N 5 (13 5 () 5 (0 0 (6
65-64 10 20 12 (49 15 (19 18 (3% 12 14 (83) 28 ()4)
65-34 82 (4% 38 M 15 (10) 29 (36 2% (89 8 (131) 4 (19
7584 8 b & (% “ (9 66 (20) H 0N 87 (29) 105 (24)
85-84° 04 (78) 127 (156) 104 (49) 18.4 (104) 10.8 (127) 131 (260) 24.5 (63)
Total death rates
85-84° 1026 (6.932) 1064 (11.725) 1,025(5184) 1163 18.797) 1085 (123161 1120 {20.524) 1.029 12.625)
Ratio of lung 09 Y 092 115 1.00 117 238
cancer to total
death rate, & ‘
References. ....... [(25). appendix table A, ((16), tables 19. 22. appendix (293
pp 30. 68, 88) table 2a. ere text footnote 4,
table A.1))

+ =Never smoked cigarettes” is defined a8 the combination of “never smoked or occasionsl only” and “current smokers and ex-smoker;
of pipes and/or cigars only™ (15) Numbers in parentheses are the No of desths on which rawe is ‘

¢ *N over smoked cigarettes” is defined as the combination of “never smoked reularly.” “pive only.” “cigar only." and “pipe and cigar™
{16). published dats. given according W age 1 start of study. have been modified with a lile table correction (see text footnote 4)
t give them according to age at death like results from the other stodics in this table Numbersin parentheses are the No of deaths on

which rate is based.

+ Ponied cokort 15 defined by 8 combination of the deaths and person-years of observation in the U.S veteran and ACS cohorts, this

cohort consists almost entirely of white males

Numbers i parentheses are the No of deaths on which rate is based

¢ Active Mormons are defined 10 be High Priests and Seventies in Californie duting 1968-75 and 1n L'tah duning 1930 and 1933, thit
cohort ¢an be considered to consist almost entirely of white males who have never smoked (see text) Numbers in parenfheses are

the No. of deaths on which rate 18 based

* Age-2djusted by the direct method to the 1860 US populstion 85-84 yr old

those with International Classification of Disease num-
bers 162 and 163 (1)) Lung cancer deaths for the
eatlier years were defined by the international classifi-
canon in ellect in 1914 and 1985 (5, 9).

Because the 1966-68 mortality survey did not have a
“never smoked” classificauon. Jung cancer monaliy
rates aze presented lo1 males who "never smoked ciga-
seutes.” For {emales, there is mo diflerence beiween
*never smoked” and “'never smoked cigareutes.” because
the use of cigars and pipes by femnales is neghgible. To
estimate the effect of the male smoking classilication
differences, data from the U.S. veteran and ACS pros-
pecuve cohort studies are presenied in table 3. The U.S.
veleran lung cancer death tates ate given for the 1wo
categoties “never smoked o1 occasionallv onhy™ and
“never smoked cigarenes,” the laner being delined as
the combmauon of “never smoked or occasionally
onh™ and “current smokers and ex-smokers of pipey
and or cigars onh” (18). The ACS lung cancer death
rates ate gnen for the two caleponies “never smoked
regulath and “never smoked Qgarenes,” the lanes
being dehined as the combinanon of “never smoked
regulath,” “pipe onh.” "agat enh.” and “pipe and
agar” (16) The deathy and personaycary at risk [rom
the two cohotts are pooled and presented Tor the o
gones “never smoked” and “never smoked ogareties
The age-adjusied 1ate for "never smohed cicarenesy” ol
13.1 per 100,000 prrsons 1 about 2% igher than the
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rate for "never smoked” of 10.8 per 100.000 persons.
Note that the “never smoked™ rates for the 1954-63
pooled cohort and for 1958 L'.S. white males ate iden:
tical. Also, the “never smoked” rates for the pooled
cohort in table $ agree with a previous pooling calcu:
lation (22). With the use of the ratio of cohort rates,
the rate for 1958 U.S. white males who “pever smohed
cigaretes” is estimated 10 be 13.3 per 100.000 person:
as explained in table 1.

Age-spacific lung cancer mostality rates for actne
Mormons from Calilonua and Ush [rom 1968 to 197
are also given in table 3. These resubis are included fon
comparison with the U'.S. veieran and ACS cohonsr
lieu of recent national morwalny data on nonsmokers
Aztive Mormons and the two nonsmoking cohonis hav
neatly idenncal towal death 1ates, whach suugests tha
these groups ate similar in overall health. However
the actine Mormons have a Jung cancer death rane of 2
per 100,000 persons. which is about double the cohor
rates. The rano of lung cancer 10 1onl death 1ae y
shown in 1able $ to lucshitare comparison ol the vanivu
cohoris

Table | indicates that between 1919 and 1966-68 1hy
lung canrer death rate for white males who “new
smohed igareties” mnreased by about 30-uld §or see
65-84 vears and by about 15:old Tor ey 35-R1 vears
Most of ihe relause mcrease occunred brinte 1935, by
theie apprars 10 be a continued increase up 1o the pre
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sent. based on the 1966-68 national surey and 1968-73
acine Mormon  fairs.

The sesults for women are similar, but the changes
are less dramauc: Table 2 andicares that bewween 1914
and 196-68 the lung cancer death rate for white females
who "neser smoked” increased by about 18-fold for ages
65-84 vears and by about sevenfold lor ages 35-84 yeors.
Most of the relaine increase occurred before 1935. but
some increascs canninued an the older age groups up 10
1958-59. Howerer, since 1958-39 no lurther increase
has been noted.

sources of Eror

From the data presented in tables 1-3. ortly the gross
changes should be considered delinitive, because smaller
changes possiblv are due 10 various types of error that
mav be present. For instance, no claim is being made
(hat the Jung cancer death rate for US. white male
nonsmokers was precisely 1.7 times as high in 1966-68
as in 1938. onlv that the 1966-68 rate is much greates
\han the 1914 and 1935 rates and apprars to be some-
what greater than the 1958 rate.

Furst, thete is the siatistical error associated with sur-
vevs. An example of this is the imall number ol lung
cancer deaths in the 1914 daia among persons over 75
years of age and the 1958-39 and 1966-68 “'never
smohed™ categories among persohs bewween the ages of
35 and 34 years. Second. there is sespondem error in
tke sunevs due 1o the lact that the smoking habits of
a1 the deceased and many of the hving were determined
from proxies. usually the spouses, and not from the
alfected indniduals themselves (23). This error mav be
greatest lor older women, who are usualhy not survined
by then husbunds However. the error has been shown
1o be quite small among nonsmaokets in one studs ().
and 1t is reasonable 10 assume that whatever error might
be present is samhilar in the 1958-59 and 1966-68 survevs.
Thd. smoker classificanon varies. For imtance, the
1966-68 survey classilied persons as “never smoked cig-
grenes,” whereas the 1958-39 survey used “never
smoked.” However. the 1958 rates for males who “never
smoked cigarettes” have been estimated by use of resulis
from the 195463 cohon studies 1n 1abie &. Fourth. there
mav be undiscinsed biases or errors in the 1958-50 and
1966-68 moralin and population surveys that make
them unrepresentaine of the L.§. population and tha
could alfect the death rates in either direcion. But the
temarhably good agreement In noasmokes lung cancer
death rates for 1958 'S whue males and the 19%-63
pooled cohors 1ends to diminish the likelihood of any
Jarge-scale ertors an the 1958 sunvey. The 1966-6R sur-
ver daty hare bern examined in greal detail elsewhere
and hare been found 1o be gune rehiable * Furthermore,
the 101l white male and whne female lung cancer death
rates esnmated from the 1wo surveys agreed within a
small percentage with the conesponding fates obtained
from 1S vaital swisnes

Fanallv. and probabls most imporianil. there have
been changes i the dugnmis and cemlicanon ol dvath
due to lung cancer Thow deselopments took place
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primarily beiween 1920 and 1950. with increasing ust
of chesi 1adiology. bronchoswcopy, and cyology and
referral of pauents 10 hospuals lor diagnosis (/, 24)
For instance. if 5% ol the deaths cenified 10 respiratory
wberculosis in 1914 were really due 1o lung cancer, tht
reported 1914 lung cancer raies would be increased by a
{actor of 7 for males and a factor of 5 for emales. larger
errors would further increase the 1914 rates (8). Recent
estimates indicate that diagnostic improvements ma\
have accounted for up o 2 tenfold increase in the lung
cancer death rates in the United Kingdom since 1916
(24). The precise elfect of dagnostic improvements on
the U.S. Jung cancer death rates 15 unknown.

DISCUSSION

By use of the data available on the U.S. population
from 1914 1o 1968. it appears that the relative increast
in the lung cancer mortality rate for nonsmokers has
been large. The increase has occurred in al) age groups
from 95 10 84 years, but it is concentrated in those over
65 years. The increase for white males 65-84 years old
has been about 30-fold, whereas the imcrease for all
white males 35-84 years old has been about 15-fold, on
the basis of the reasonable assumption that the rates in
1914 describe nonsmokers. The seveniold increase lor
white females $5-84 years old lollows the same pauern
as that for white males, though it has been Jess
dramatic. Most of the relative increases apparently have
occurred before 1953, but significani increases have
occutred since then, panticularly in persons 65 vears
old and above. As seen in tables 1 and 2. the 1966-68
age-adjusted lung cancer death raie for white male
nonsmokers (22.8 100,000 persons) is about one-thud
the 1958 rate for all white males (77.6°160.000 persons)
and the 1966-68 raie lor white female nonsmohers
(8.3/100,000 persons) is only slighily less than the
1958-59 rate for all white lemales (11.7.100.000 per-
sons). These comparisons indicate the currem magni-
wde of lung cancer in persons who never smoked
cigareues.

Furthermore, the rising lung cancer vale among
nonsmokers implies thar other factors must have 2
substanual influence on lung cancet mortalits 0
addition t0 personal cigareite smoking. Among the
influences that could be aflecting both smokers and
nonsmokers are changes in diagnostic criteria, increases
in enwironmental cartinogens, and ceridin consuilu:
wional (aciors {2). No ngorous daa are available on the
efiects of diagnosiic changes, but various estmaies
suggest that the true 1914 1ates could br much laiger
than the reported raies {2, 2). As mennoned earher
55 of the deaths cerulied to respiratory wiberculosie
1911 were really duc to lung cancer, vhe reported 1911
Jung cancer tates would be increased by a luctor of 5-7.
The early monahty data may also have been influenced
by other relanonships between uberculoss and lune
cancer. wiueh are explored in denl elsewhere 2%,
Before 1935, iagnosie changes probabh had the most
smpact on incteasing lung cancet rates Mote recently.
enyvironmental cscinogens and comuiunonal laciors
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mas have had a significamt eflect. Environmental
carcinogens encompass occupational carcinogens like
asbestos (26, 27) and envitonmental pollution including
environmental tobacco smoke (28, 29). Constitutional
lan?’u include genencs and general host suscepubility
.

Before anv final conclusions can be drawn, the lung
cancer rates among nonsmokers, especially since 1950,
should be confirmed with further analysis ol the
existing national surveys and cohort studies, as well as
with another national surnvey 1o measure nonsmoker
lung cancer rates in the curremi decade. Bu if one takes
the available data as a whole, apparently lung cancer
rates among nonsmokers have now reached significant
levels. Indeed, the 1966-68 national survey and 1968-75
acuve Mormon survey indicate that the annual age-
adjusted lung cancer death rate among white males
who never smoked cigarenes is now approximately 25
per 100,000 persons for ages 85-84 years. I one assumes
that these findings are accurate. then additional under-
standing of lung cancer etiology is necessary to supple-
ment the well-established knowledge involving cigarette
smoking. Further study ol nonsmokers couid provide
an imporiant means of asceriaining the non-smoking-
telated aspects of lung cancer etiology.

REFERENCES

1) Smoking and Healih— Repont of the Advison Comsmttee to the
Surgeon General of the Public Health Service, Public Heahth
sen Publ No 1108 Washingion, D.C. U.S. Govt Puni Ol
fice. 1964

(2) Buacn PR The Biolog of Cancer A New Approsch. Balu-
mote: Univ Park Press. 1976

) Cornmiirp ). Hatwsrin W. Hansmono EC. et al: Smoling and
ung cancer Recem evidence and 3 ducusnon of some
quesnons ) Nal Cancer Inmt 22.173-203, 1959

() Hassnet W Epidemiological tests of theones of Jung cancer
mology  Public Health Rep 71:063-172, 1956

(%) Moralin drom Cancer and othes Mahignant Tumon in the
Registiation Asca of the Unued States, 1904, Burau of the
Cemsus. 'S Depr Commerce. Washington, D.C: US Gow
Pam Oll, 1916

(6) Gavir N Cancer Morulny in the Unied Swies. 1 Teend of
Recorded Cancer Morahiy an the Death Regwieation Sres of
1900, fiom 1900 10 1935 Pubhi Health Bulleun No 248
Wahingion. DC US Gow Pnm Oll. 19%9

(7 Mnmone BK Trend of lungcanter mosalny in the Unned
Swatey Some hmianom of available swwcs ] Natl Canger
Iny 6267284, 1955

(&) Guuiaw AG Trends of monalny auributed 10 carcinoms ol the
lung Powble ellerts of faulny cerwhicanon of draths 1o orther
sespiratony discases  Cancer 8 1130-1136. 1955

) Gornon T. Crirresors M. Hatssztl W Canter morwlny
wends an the Unmed Swies. 1930-19%%  Nad Comcer Inst
Monogt 6 133350, 196}

J NATL CANCER INST

(10) Nanona) Cenver 1ot Healh Swanisnes Votal Sumsuas of du:-
Unated Si3ies. Annuat Reporss (o1 1953, 1939, 1965, 1967, 196K
Rockwille, Md. Nail Center Heahih Su1 Washingion, DC

. US Gow Prim Ol

(1) Hasure W, Loviuano DB Siteiv MG Lung (ancer motabis
s re12ird 10 rendence and smoking hitones 1. White males
] Natl Ganrer Ins 28543-100), 1962

U2) Hatsatt W. Tatusin KE Lung cancer monalns s related 10
restdente and smoking historses. 31 Whae lemales ) Nal
Cancer Inn 32803836, 1964 ‘

(13) Nauonal Cemier for Health Swatisncs  Orgarene Smoking
Si3tws—=June 1966, Augun 1967. and Augum 1858 Monthls
Vil Swemues Repon, vol 18, No 9 tsuppl Dec. 5. 1%69;
Rockwille, Md.: Nail Cemer Healih Sun. 1969

(19 GobLty F, KavicsL DL Cigaretie Smoking and Diflerenual
Monality. New Esumaies fsom Represenmive Nanom)
Sampiles. in Heahih. United Swies, 1975. DHEW Publ No.
(HRA) 760232, Rockville, Md. Nat Cemaes Health Sut.
Washingion, D.C.: US. Gova Pnimt Ol 1976, p 46}

(13) Kans HA: The Dorn study of smoking and morwality smong
LS weierans: Report on cight and one-hall years of obur-
vavon Nai) Cancer Inn Monogr 18.1-126. 1966

(16) Hanxosp EC: Smoking in selation (o the death rates of one
million men and women Nat) Cancet mstnwie Monogr 19.
127-204. 1966

(17) Hamnosp EC, GanmnaiL L. Law EA: Longevity, selecove
morakity. and compeunve yisks o sehnion to chemal
aranogenesn. Enviton Res 16:153-179, 1978

(78) ExsTeoM )E. Cancer motaliy among Mermons Cancer 36
825-84), 1975

. Cancer and tonl moraahty among acuve Mormons.
Cancer 42:19431951. 1978 ‘

(20) Maenszee W, Swians MB. MiLes HP: Tobacco Smoking
Patierns an the United Suies. Pudh Health Monogr 45:1-105,
1956

(21) MiLvont BK. Conovin AG: Tobatco consumpuion in the
United Swaies. 1880 1o 1955, Public Health Monogr 45:105-
1. 1956

{22) DoLL R: The age-dunibution of cancer Imphcations fo1
models of carcimogeness. ) R Sun Society, Senes A 1General
194:193- 166, 197)

(23) Awmtp P, GLieson GA: Changes wn Cagartise Smoking Habiu
Between 1953 and 1966 Public Healih Seas Publ No 1000
Series 10. No. 59. Rockville. Md.. Nai) Cener Health S
Wathingion. D.C. US. Govi Pnm Ol 1970

{24) Roya! College of Phynciems Smokung o1 Heahth The Thin
Report from the Roval College of Phaiscm of London
London Puman Medical Publ Co.. 19i%. p 53

{29) Aoxt K. Ipars ). STEIN 5C: Siudies i the epdemiology of lun|
@ncer in relation to pulmonarv tubetculons In Epidrm
ology Aspecis of Tuberculoms in Jepan and i hne
(Khingbesg MA. Tumes 1, eds) Nets-Zioms lirae) Inssuwe lo
Biological Research, 1965, pp 3055

(26) SATi0TT U. WacONtR ], eds. Occupauonal Carcinogentsin
Ann NY Acad S 271.1-516. 1976

122) StLnrt 1) Cameer 14k o) asbenios exposute In Ongim o
Human Cancer (Hion HH. Wawon JD. Winsen JA. ¢dy|
Co'd Sprng Hatbor. New Vork Cold Spung Harbor Labore
101y, 1977, pp 1765-1784

(281 RosinseLp C, Daves W.eds Envaronmenial pollution and cay
cmogene 1sks TARC S Publ 131354, 1976

{29) Eduonal Breathing other people’s smoke Br Med ] 3453454
19%

(%

T 6 NO & APRN 19




