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A Case-Control Study of Lung Cancer and Diesel Exhaust
Exposure in Railroad Workers'
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Introduction

A variety of mutagenic and carcino-
genic substances have been identified on
particles from diesel exhaust emissions
(1). Occupational groups with potential
diesel exhaust exposure include under-
ground miners (2), bus maintenance
workers (3, 4), heavy construction equip-
ment operators (5}, truck drivers{6), and
railroad workers (7-11). In arecent study
(12), diesel exhaust inhaled at high con-
centrations in rats resulted in lung can-
cer. There is concern that diesel exhaust
exposure in occupational groups and in
the general population may be arisk fac-
tor for lung cancer, but this has not yet
been demonstrated.

Previous studies of lung cancer and
diesel exhaust exposurehave been limited
by several deficiencies including inade-
quate-statistical power, inaccurate or
absent classification of diesel exhaust
exposure, and failure to consider when
diesel exhaust exposure began (8, 13).
Possible confounding factorssuch as as-
bestos exposure and cigarette smoking
also have not been considered in some
studies. We have completed a case-
control study of lung cancer deaths in
relation to diesel exhaust exposure occur-
ring in U. S. railroad workers that con-
sidered such factors.

Methods
Population

The population base for this study was the
approximately 650,000 activeand retired male
U. S. railroad workers with 10yt or more of
railroad servicewho were born in 1900 or af-
ter. The U. S. Railroad Retirement Board
(RRB)operates the retirement system for these
workers; it is separate from the Social Secu-
rity System. To qualify for either retirement
ar survivor benefits, 10yr or more of service
must be acquired by the worker. For the next
of kin to qualify for benefits, the railroad
board must be notified of the railroad work-
er's death. It is estimated that less than 2%

of eligible retirees and next of kin do not re-
ceive benefits.
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SUMMARY A case-control study of deaths among US. railroad workers was conducted to teg
the hypothesis that lung cancer is sssociated with exposure to diesel exhaust. Employsd and retirgg
maie workers with > 10yr of service Who were born on or after January 1, 1900 and who died betwees
March 1,1981 and February 28,1982were eligible. We collected 87% of the death certificates from
15,059 deaths reported 1D the US. Railroad Retirement Board (RRB). Cases of lung cancer (1,289)
were matched to controls by age (+ 2.5 yr) and date of death (= 31 days). Potential eXposum 1o
diesel exhaust was assigned based on an industrial hygiene evaluation of jobs and work arees,
Each subject’s work history was determined trom a yearly job report filed by his employer with gy
RRB from 1959 until death or retirement. Asbestos exposure prior 10 1050 was categorized by the
job holdin 1959, the end Of the steam locomotive era, or by the last job heid it retirement occumeg
before 1959. Smoking histories were obtained by questionnaire from next of kin. Using multipte
conditional togistic regression analysis to adjust tor smoking and asbestos exposure, worimrs 64
yr of age or younger at the time of death with work In 8 diesel exhaust exposed job for 20 yr hag
a significantly increased relative odds (odds ratio = 1.41, 95% CI| = 1.06, 1.88) of lung cancer, No
effect of diesei exhaust exposure was seen in workers 65 yr of age Or oider because many of theee
men retired shortly after the transition to diesel-powered locomotives. This study supports the hypoth.

esis that occupational exposure 1D diesel exhaust increases lung cancer risk.
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Reports of deaths that occurred between
March 1, 1981 and February 28, 1982 were
collected from the RRB during the course of
the year. Death certificates were received from
the RRB for approximately three fourths of
the deaths, and the remainder of the death
certificates were requested fram the appro-
priate state boards of health. Cause of death
was coded according to the International
Classification of Diseases, eighth revision,
(ICD-8).

The cases were selected from deaths with
primary lung cancer (ICD 162). which was
the underlying cause of death in most cases.
Each case was matched to 2 controls who were
within 2.5 yr of the date of birth and within
31 days of the date of death noted in the lung
cancer cases. The controlswere selected ran-
domly from workers who did not have can-
cer noted anywhere on their death certificate,
and who did not die of suicideor of acciden-
#l or unknown causes.

After informingthe certifying physician of
our intentions, a questionnaire was sent to
the deceased’s next of kin that included ques-
tions about the deceased’s smoking habits,
place of residence, and duration and type of
relationship the respondent had with the de-
ceased. A second questionnaire wes sent if
there Wess no response, and no response to ei-
ther questionnaire resulted in a phone call to
the next of kin.

Diesel Exhaust Exposure Estimates

There are more than 150three-digit Interstate
Commerce Commission (ICC) railroad job
codes (14). Job codes for each worker were
available fram the RRB starting in 1959and
endingwith death or retirement. For workers
who retired between 1955and 1959, last rail-
road job worked was available Some work.
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ers had additionaljob codesreported between
1955 and 1959. Most diesel exhaust exposure
in the U.S. railroad industry began when the
industry changed from steam- to diesel-
powered locomotives after World War I1. This
transition occurred primarily during the
1950s; and by 1959, 95% of the locomotives
in the United Stateswere diesel powered (15).
The approximatemidpoint for the transition
to diesel power in the United States was 1952.
W\é have chosen 1959 as the effective start of
diesel exhaust exposure for this study, recog-
nizing that some workers had additional ear-
Il years of exposure to diesel exhaust. If a
worker retired before 1959, he was considered
unexposed.

An industrial hygiene survey of the US. rail-
road industry wes conducted as part of this
imvestigation. Selected jobs with and without
regular diesel exhaust exposure were identi-
il by a review of job title and duties, and
confirmed by industrial hygiene sampling(16,
17). Personal exposurewas assessed in 39job
categories representative of workers with and
without diesel exhaust exposure in 4 railroads.
Workers with regular diesel exhaust exposure
were found in several job locations: jobs in-
side the roundhouse and diesel locomotive
repair facilities had exposure during the re-
pair and maintenance of diesel locomotives;
locomotive engineers and firemenwho oper-
ated the diesel locomotives; and conductors
and brakemen who worked on or near run-
ning trains. Hostlershad exposurewhile driv-
ing locomotives inand out of shops. We found
that the workers were exposed to other respira-
ble particulate, including cigarette particulate,
which required adjustment of the measured
values of respirable particulateobtained (16,
I7). Mean estimates of current exposure
among the dieselexposedgroups adjusted for
tigarette smoke ranged from 83 to 168 pg/m®,
For the shopworkers, mean estimates in the
individual railroadsvaried between 87 and 322
ug/m?. In contrast, the clerks and station
agents (nonexposed) had values between 9and
76 ug/m’. Detailed discussionof the interpre-
tation and use of these values and other indi-
¢2s of diese} exhaustexposure will be presented
1 future work. In this study, diesel exhaust
&xposure is considered to be a dichotomous

no) variable

Job codes for which no personal sampling
was performed were considered exposed or
Unexposed based on similarities in job activi-
lies and work locationsto sampled jobs, and

degree of contact with operating diesel
*quipment, For example, carmen (car main-
— workers)generally worked away from
Operating trains and were classified as unex-
to diesel exhaust. Maintenance-of-way
Workers and others with potential or occa-
$tonal gjesel exhaust exposure were consid-
ered not to be significantly exposed. The ap-
f_"°Priateness of these classificationswas veri-
1ed by a questionnaire survey of 534 workers

One survey railroad. Workersindicated ap-

nately how much time was spentin sev-
Tl rajlroad |ocations(i.e., near or away from
diesel trains, trucks, of equipment). The rail-

road surveyed did not have a passenger ser-
vice, but the job codes including train atten-
dantsand passenger car waiters and chefswere
considered to be exposed to diesel exhaust
based on their work on operating trains.

Years of exposureto diesel exhaust were to-
taled from 1959to death or retirement for each
worker, and summarized as '‘diesel-years."
Years not working for the railroad, or with-
out reported jobs or unknown jobs, were con-
sidered as unexposed years (2.4% of the total
years from 1959 to death or retirement).

As a result of the transition from steam to
diesel locomotives in the 1950s. age and the
year a worker retired relative to 1959 in-
fluenced the chance of working in a diesel-
exhaust-exposed job. Workers who retired
prior to death in 1981 or 1982were less likely
to have worked in a diesel-exhaust-exposed
job (table2). Roughly half of the older work-
ers were unexposed to diesel exhaust, and
those exposed had a short duration of ex-
posure For this reason, and because of the
suggestion that older workers might have less
accuratecertification of death (18). the cases
and accompanying controlswere analyzed in
2 groups, workers € 64 yr of age (i.e., retire-
ment age) at death and those > 65 yr of age
at death.

Asbestos Exposure Estimates

Asbestos exposure in the railroads occurred
primarily during the steam engine era. Ex-
posure was related mostly to the repair of
locomotive steam boilers, which were Insu-
lated with asbestos. Other potential exposures
were in the repair of asbestos-insulatedpas-
senger cars, in the railroad bridge and build-
ing construction trades, in steam pipe repair,
and inthe repair of stationaryboilers. e de-
veloped asbestos exposure categories based
onthe resultsof a survey of current employees
of onerailroadthat asked about prior ashestos
exposure (19) and on a review of railroad,
medical, and industrial Literature (20-23). As-
bestos exposure category was based on job
held in 1959 (or before if available) or on the
lastjob held if the subject retired before 1959.
As aresult of the transition to diesel-powered
engines, subjectsstartingwork in or after 1959
would not have had opportunity for signifi-
cant asbestos exposure and were considered
unexposed regardless of job code Workers
categorized with likely regular past asbestos
exposure were subjects who had worked in
and around boiler and locomotive repair fa-
cilities. Exposure to uniformly high levels of
asbestos would have occurred in a subset of
shop workers responsible for boiler lagging
removal; others in the shop area would have
had less exposure Workers responsible for the
maintenance of railroad structures and car
repair had more intermittent asbestos ex-
posure but were also categorized as exposed.
Among active workers older than 50yr of age
in the surveyed railroad (19), past asbestosex-
posure wes short, a median of 3 yr.*

$ A detailed list of 10C jobcodaand diesel ex-

haust and asbestos exposure assignmentsare avail-
able fram the authors upon request,
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Analysis

To preserve the matching on age and date of
death, analysis was done using multivariate
conditionallogistic regression (24). Additional
regression analyseswere done for various sub-
groups with unconditional (i.e., matching not
preserved) logistic regression but adjusting for
age. Logistic regression specifies that the nat-
ural logarithmof the odds of disease depends
on a set of variables; in this study, diesel ex-
haust exposure, asbestos exposure, and ciga-
rette smoking. The relative odds for lung can-
cer attributable to each exposure is derived
from the exponent of the regression coeffi-
cient for each exposure parameter. Regression
coefficientsand their standard deviationswere
calculated using a Fortran program provided
by Thomas (25). All p values presented are
two-sided.

Results

Cause-specificdeath certificates were ob-
tained for approximately 87% of the
15,059 deaths reported by the RRB, and
we identified 1,374 cases of lung cancer.
Twenty cases of lung cancer were ex-
cluded because of incomplete data, and
35 were excluded because 2 states would
not provide permission to use informa-
tion on the death certificate to contact
the next of kin. Of the remaining cases,
335 (96%) of the 349 subjects € 64 yr
of ageat death and 921 (95%) of 970sub-
jects > 65 yr of age at death were suc-
cessfullymatched to at least 1control and
had work histories available for analy-
sis. Ninety percent of the cases in both
age groups had 2 controls. Of the 2,385
controls in the study, 98% were matched
to cases within + 31 days of the date
of death, and the remaining 2% were
matched within 100 days. Eighteen con-
trols who died within 10 days before the
end of February 1981 were included in
the study. Ninety-five percent oOf the con-
trols were matched within 25 yr of the
date of birth of the case, and the remain-
ing 5% were matched within 6yr. Initial
date of railroad service was estimated
from the RRB reported years of service
for most workers and was only reliable
since the late 1930s because of the limi-
tations of computerized RRB records.
Some workers starting work in 1947 or
later had firstyear of railroad servicesup
plied by the RRB. Thus, the total num-
ber of years worked is underestimated
and inaccurate for the older group, and
could be slightly underestimated for the
younger group. Although we lacked spe-
cificinformation on jobs worked outside
the railroads, on the basis of the retire-
ment year and initial years of railroad Ser-
vice, most workersin this study appeared
to be lifelong railroad employees.
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There were no significant differences
between cases and controlsin each of the
2 age groups for age, race, year first
worked, retirement year, and total years
worked, only available for the younger

TABLE 1

AGE, RACE, WORK HISTORY SUMMARY. AND ASBESTOS EXPOSURE
CATEGORIES FOR BOTH YOUNGER (€ 64) AND OLDER (> 65)
CASES AND THEIR CONTROLS

Younger Workers

Older Workers

group (table 1). Of the controls in the Caso < 64 Case > 65
younger age group, 80% had disease of Case Control Case Control
the circulatory system (ICD 390-458) as
the underlying cause of death, 7% died Egzbﬁgdim = Y o s
of disease of the respiratorysystem (ICD Range 3584 37-69 65-82 62-82
460-519), and 7% died of disease of the Race, white 310 (93)° 585 (92) 837(91)  1576(91)
digestive system (ICD 520-577). In the Started work
olderage group, 74% of the controlshad 5 1049 109 (33) 184 (29) 68 (7 126 7)
a disease of the circulatory system asthe < 1948 226 (68) 453 (T1) 853 (93) 1622 (93)
underlying cause of death, 15% died of Years worked
disease of the respiratory system, and 4% mean + SD 202+ 74  294% 70 Nat NAt
died of digestive diseases. In the 2 age Retirement year
groups, only 5 of the controls (0.2%) were median 1980 1979 1972 1971
coded to illdefined causes (ICD7%). Asbestos exposure

For the younger age group, the propor- Regular 47 (14) 78 (12) 129 (14) 289 (17)
tion of cases with ashestos exposure Intermittent 37 (11) 63 (10) 108 (12) 193 (11)
(25%) was slightly, but not significantly None 251 (79) 496 (78) 684 (74) 1268 (72)

greater than in the controls(22%). Inthe
older group, slightly more controls had
asbestos exposure than did cases.
Approximately 60% of all the younger
workers had some exposureto diesel ex-
haust. In contrast, only 47% of all the
older workers had some diesel exhaust
exposurein their jobs, p <O.0L (table 2.

Smoking information (table 3) was ob-
tained from next of kin. Ninety-two
percent of the questionnaire or phone
respondents for the younger group were
female, and in most (83%) they were the
spouse In the older group, 88% of the
respondents were female and the spouse
in 76%. Information on smoking (yes/
no) was missing for 17% of the casesand
16% of controls in the younger age
group, and 13% of the cases and 18%
of the controlsin the older group. Most
smokers were long-term smokers who
had continued to smoke within 5 yr of
their deaths. More cases than controls
were cigarettesmokersand had a greater

. N "

in p are per

t Not available for workers starting before the late 19308

mate, with a relative odds of 14L (95%
Cl = 105, 1.8) (table 4. In the older
age group, the unadjusted coefficient for
diesel-yearswas 0.00084 (p = 0.89), with
the adjusted value (table 4) also not sig-
nificant and near the null value
Toverify that risk in the younger group
increased with increasing years of diesel
exposure, diesel-yearswas categorized as
2 20diesel-years, and 5to Odiesel-years,
with Oto 4 yr asthe referent group. Ad-
justing for asbestos exposure and pack-
year category of smoking, subjectswith
2 20 yr of diesel exhaust exposure had
the highest, significantly elevated odds

ratio (OR = 1.64;95% CI = 1.18,2.29),
Subjectswith 5to D diesel-yearshad an
oddsratioof 1.2 (B Cl =0.72, 1.49).

Only 3% of the older workers had
diesel exhaust exposure for 20yr or more,
For comparison, the odds ratio for 5t
19yr of exposure in the older group was
0.5 (Bn Cl = 0.P, 1.13) and for »
20 yr of exposure was 0.94 (B CI =
0.56, 1.59), adjusting for smoking and
asbestos exposure

Because workers in the diesel engine
repair shop were the diesel -exposed work-
ers with the most potential for past as
bestos exposure, a regression model in the

TABLE 2

DISTRIBUTION OF YEARS OF DIESEL EXHAUST EXPOSURE IN THE THREE
WWSED JOB LOCATIONS AND SUMMARY CATEGORY (DIESEL-YEAAS)

pack-year history of smoking. When age Younger workers older Workers
started smokingwas not obtained (<6% s Years of Caso< Case > 89
of both cases and controls), we assumed Exposure case Control Case control
a starting age of 16. No Exposure 0 120 (38)"  272(43)  480(52) 930 (59)
Diesel exhaust exposure (table 2) was Shopworkers 110 39 (12) 538 8910) 146 @)
summarized as the number of years in 11-19 15 (5) 38 (6) 82( 166 (10)
dieselexposed jobs. Years of diesel ex- > 20 21 (6) 24 (4) 6(1) 6 (0)
posurewas used asa continuousexposure Engineer 1-10 ‘@ 12 27 3) 8
variable in regression models. In the and firemen 11-19 13 (&) 31 (§) 83 (9) 132 (8)
younger agegroup, the unadjusted coef- »>20 35 (10) 40 (8) 5(0) 21
ficient for diesel-years was 0.01648, with Brakemen 1-10 113 38 (6) 56 (6) 119(M
an odds ratio of diseaseover 20yr of 1.3 and conductors 11-19 27 (8) 58 (9) 114 (12)  183(11)
(B C1 = 1L, 1.3). When adjusted >0 58 (17) %6 (15) 14 251
for any asbestos exposure (yes/no) and Diesek-years lﬁg gg (112) 1; 83 ;250 8;)) %g E%g))
lifetime smoking (pack-years), the esti- " . {35; gt o P
mate of the effect of diesel exhaust ex-
posure remained close to the crude esti- * Numbers in parenthesss are percentag
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and death 5 yr later. For workers with
5 to 14 yr of cumulative exposure, the
odds ratio was 107 (95% CIl = 0.69,
166). with a referent category O to 4
diesel-years.

Discussion

Wk have conducted a population-based
case-controlstudyof U. S railroad work-
ers to test the hypothesis that diesel ex-
haust exposure results in an increased risk
of lung cancer. Because diesel-powered
locomotives were not fully introduced
into the railroadsuntil the late 1950s, only
in a group who worked sufficiently long
after that time could an effect of diesel
exhaustexposurebe expected to be seen.
For cases greater than or equal to 65 yr
of age at death (in 1981 and 1982) and
their matched controls (i.e., retired work-
ers), no effect of diesel exhaust exposure
was seen. In the younger age group (<
64 yr of age at death), there was both
an increased prevalenceand duration of
diesel exhaust exposure. Controlling for
cigarettesmokingand for potential past
ashestosexposure, asignificantly elevated
odds ratio for lung cancer was observed.
Workers with 0yr of more of exposure
had the highest, significant odds ratio
when exposure was analyzed with cate-
gorical rather than withcontinuous vari-
ables. The alternative regression model
using the categorical variables of 5 to 19
and = 20 yr of diesel exposure suggests
an apparent nonlinear relation between
number of years of exposure and lung
cancer risk. However, the confidence Imm
its are wide, and it is not possible to de-
finethe preciseshape of this relationship.

Asbestos exposure, a possible con-
foundingvariable, was in the final model
because of its biologic importance. We
were not ableto individuallyidentifythe
small group of workers with past heavy
asbestos exposure. In addition, some of
the ICC job codes used to assign poten-
tial asbestos exposure were broadly de-
fined and contained some workers with-
out asbestos exposure. To estimate sta-
bility in the asbestosexposurecategories
over time, we examined job mobility dur-
ing the years between 1959 and 1979 (al-
though exposure occurred before 1959).
Of the workers less than or equal to 44
yr of age in 1959and stillworking in 1979
(approximately 50% had retired), 72%
who would have been categorized in the
regular asbestos exposure group 20 yr
later were in the regular group in 1959,
and 17% were in the intermittent asbestos
exposure category in 1959. Of workers
categorized as unexposed to asbestos,

GARSHICK, SCHENKER, MUNOZ, SEGAL, SMITH, WOSKIE, HAMMOND, AND SPEIZgy

96% would have been in the unexposed
category 20 yr earlier. Of workers in the
intermittent category, 20 yr earlier 67%
would have also been in the intermittent
categoryand 21% in the regular category.
Thosewith any exposure (regularand in-
termittent), 20 yr earlier 88% would have
been in an exposed category. The mis-
classification from assigning past as-
bestos exposure based on the 1959 job
would be expected to have an effect ap-
parent more readily in the older age
group, and would result in a reduction
of the apparent asbestos effect. In the
younger group, there would be less mis-
classification but also less real exposure.

Despite the asbestosexposuremisclas-
sification, the effect of asbestosexposure
on lung cancer in the younger age group
is within an expected range. These youn-
ger railroad workers, who were in their
thirties during the 1950s, if exposed to
asbestos would have had relatively short
exposure Studies of lung cancer among
former shipyard workers with mostly
wartime exposure have demonstrated
oddsratios for asbestos exposure of simi-
lar magnitude as found in this study
(26-28). In a study in Swedish railroad
shop workers with more than 30 yr ser-
vice, the standardized mortality ratio was
192 (29). In our study, workers located
in the diesel repair shop were most likely
to have had past asbestos exposure.
Workers in the other diesel exhaustjobs
exposure did not iaclude workers with
significant potential for prior asbestos
exposure. Only the hostlers had the po-
tential for asbestos exposure, and they
were a small subset (10 workers in the
younger group in 1959) of the remaining
diesel-exhaust-exposed workers. With the
shop workers excluded from the other
diesel-exposed workers, a significantly
elevated odds ratio for the effect of diesel
exhaust was still obtained.

Next of kin were used to obtain infor-
matiorrdn cigarettesmoking, and the es-
timates for the smoking effect on lung
cancer are within the expected range (30).
Rogot and Reid (31) found that surro-
gates identified 91% of ex-smokers or
nonsmokers compared to previously ob-
tained personal questionnaire response.
There was a tendency for the surrogate
to overestimate the amount smoked.
Koloneland coworkers (32) compared the
response of subjects (mostly husbands)
with wives interviewed separately. Ninety-
six percent of those identified as ever
smoking were in agreement. Age started
smoking was in agreement 84% of the
time to within + 4 yr. These surrogates

also tended to overestimate daily ciga.
rette consumption. Thus, surrogate re-
sponse data appear to overestimateciga-
rette consumption. This could exagger-
ate the contribution of cigarette smoking
to lung cancer risk if the next of kin of
subjects dying of lung cancer were more
likely to report smoking histories thap
were those of controls.

Several models relating cigarettesmok.
ing to lung cancer have been describeq.
Doll and Peto (33)in their study of Brit-
ish doctors expressed the dose-response
relationship as the product of a powey
of duration of smoking and a power of
dose for lifelong smokerssmoking less
than 2 packs per day. Others have used
estimated pack-years (34) and cigarettes
per day (26). We used pack-years ex-
pressed as a categorical variable to con-
trol for the effect of cigarette smoking,
The category of pack-years “missing”
served as an additional level of cigarette
smoking. Further regression analyses in
the subgroup of workers with pack-year
data available showed no advantageover
any other modeling of cigarette smok-
ing in this population.

Another potential source of error in
our study is the misclassification of diesel
exhaust exposureusing the ICCjob clas-
sification as a surrogate for exposure
Jobs with potential diesel exhaust ex-
posure included railroad express drivers,
railroad police, bus drivers, and opera
tors of diesel powered equipment. Such
exposure was likely to be low intensity
and intermittent, and as a result these per-
sons were considered unexposed. Mis-
classificationby assigning exposureto an
IQCcodejob groupthat contained non-
dieselexposedworkers (asin someof the
diesel shop codes) would reduce the likeli-
hood of seeing a significant effect of
diesel exhaust exposure.

Two types of misclassificationmay re-
sult fromthe use of death certificatesto
identify cases and controls in this study.
Controls not suspected of having lung
cancer may actually have had undiag-
nosed pulmonary malignancies, and
identified lung cancer cases might be
other lesions misdiagnosed as primary
lungcancer. It isunlikely that many cases
or controlswere misclassified for several
reasons. First, we excluded as eligible
controls subjects with death caused b
accidents, by other cancers, or by uncer
tain causes. Second, lung cancer, partic
ularly in younger men, is usually a clini
cally obvious disease that is rapidly fa
tal. It was in this group of younge
workersthat a significanteffect of diese
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TABLE 3

SMOKING HISTORY FOR CASES AND CONTROLS IN THE
YOUNGER AND OLDER AGE GROUPS

Younger Workers

Older Workers

Case < 64 Case > 65
Case Control Case Control

Smoker

Yes 269 (80)" 466 (73) 771 (84) 1130 (65)

No 9(3) 69 (11) 32 (4) 294 (17)

Missing 57 (17) 102 (16) 118 (13) 324 (18)
Pack-years

<50 106 (32) 241 (38) 234 (25) 514 (29)

> 50 144 (43) 189 (30) 464 (50) 471 (27)

Missing 76 (23) 138 (22) 191 (21) 469 (27)

Nonsmoker 9(3) 69 (11) 32 (4) 294 (17)
Years smoked. > 20 239 (96) 397 92) 683 (98) 917 (83)
Cigarettes per day

1-15 19 (8) 60 (14) 86 (12) 222 (23)

16-25 80 (32) 158 37) 307 (44) 442 (50)

26-35 42 (17) 69 (16) 111 (16) 113 (12)

> 36 109 (44) 142 (33) 114 (28) 208 (21)
Years stopped smoking

before death

04 202 (81) 298 (89) 455 (65) 484 (49)

5-14 31 (12) 68 (16) 135 (19) 222 (23)

> 15 1770 64 (15) 108 (16) 279 (28)

* Numbers in are

younger group was constructed, entering
the diesel exposure of the shop workers
separately from the other dieselexposed
job categories. When adjusted for past
asbestos exposureand smokingasin ear-
lier models, the odds ratio for > 20 yr
of exposure (exclusive of the shop work-
ers) was 155 (95% Cl = 1.09, 2.21, with
0+to 4 yr used as the referent category).
Alternative models were explored to

r explain past asbestos exposure
They included separate dichotomous
Variables for the regular and intermittent
&posure groups and an estimate of years

of exposure based on estimated years
worked prior to 1959. None of these al-
ternatives gave a stronger association
with risk than the dichotomous variable
used.

Because of the incompleteness of the
next of kin responses, we were not able
to calculate pack-years smoked for all
those in the study. To preserve the
matched nature of the study and mini-
mize exclusions, we treated "'pack-years
missing"" as a category of smoking. This
gave an odds ratio between the value for
subjects with greater than 50 and less

TABLE 4

REGRESSION RESULTS USING DIESEL EXHAUST EXPOSURE AS A SINGLE
CONTINUOUS VARIABLE (DIESEL-YEARS) ADJUSTED FOR CIGARETTE
SMOKING AND ASBESTOS EXPOSURE

Exposure Odds
Category Coefficient Ratio 95% ClI p values
Case age < 64
Diesei-yoars 0.01719 Wi 1.06,1.88 0.2
Asbestos, Y/N 0.18111 1.2 0.873.85 0.27
< 50 pack-vears? 1.19196 32 1,57,6.93 <0.01
> 50 pack-yearst 1.73606 5.88 2.73,11.90 <001
Pack-years
missing? 1.37975 3.97 1,86,8.51 < 0.0
Case age > 85
Diecel-yoars =0.00461 o9l 0.71.1.17 0.47
Asbestos, Y/N -0.01807 0.98 0.81.1.20 0.86
< 50 pack-yearst 1.47641 4.38 2.90,6.60 <00
> 50 pack-yearst 2.2121 9.14 811,13.70 <0.00
Pack-years
missingt 1.35379 3.87 2.56,5.84 <001

° Caiculated an the basis of 20 yr of exposure.

'Mmamydmpﬂm(mms).
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than or equal to 50 pack-years of smok-
ing in the younger group. Analysis using

unconditional logistic regression on the

subset of younger workers (n = 758) with

known pack-years was done to explore
the impact of other smoking models in

the magnitude of diesel exhaust lungcan-
cer risk. Adjusting for age and asbestos
exposure, there was no significantdiffer-
ence in lung cancer risk among the differ-

ent models that included pack-years ex-
pressed as a single continuous variable,

2 independent variables, cigarettes per

day and years of smoking, or pack-year-
category categorized by the number of

years the subject had stopped smoking

prior to death. Adjusting for ageand as-
bestos exposure, with diesel years used

asacontinuousvariableinthese models,

the odds ratio for 20 yr of diesel exposure
ranged from 1.50to 153 (p < 0.02). Ex-

pressed as a continuous variable, the

coefficient for pack-years was 0.01278 (p

< 0.001), and used together the coeffi-

cient for cigarettes smoked per day was

0.01604 (p = 0.006) and for years of

smoking was 0.02484 (p = 0.001). Smok-
ing € 50 pack-years 4 yr or lessbefore

death had a risk of lung cancer of 4.08

(p <0.001), smoking > 50 pack-years 4

yr or less before death had a lung cancer
risk of 6.08 (p < 0.001), smoking € 50
pack-years5 yr or more beforedeath had

arikof 247 (p = 0.027), and smoking
> S0 pack-years 5 yr or more before death

had an odds ratio of 3.93 (p = 0.004).

In the entire younger data set (n = 972),

retaining the category of pack-yearsmiss-
ing but categorizingthe remaining sub-
jects with known smoking information

as ex-smokers (quitting 5 yr or more be-
fore death) and as current smokers in

daily cigarette consumption categories,

adjusting for asbestosexposure, gave an

odds ratio for 20 yr of diesel exposure
of 146 (p = 0.01).

The interaction between diesel ex-
posure and the 3 pack-year categorieswas
assessed by constructing 3 cross-product
terms between the categories< 50, > 50,
and missing pack-year indicator variables
and the indicator variable for 2 20 diesel
yr. The cross-productterms were not sig-
nificant (chi-square = 2.05, df = 3,
p = 0.56).

To exclude the effect of recent diesel
exhaust exposure, a model was tested that
excluded exposure occurring with the 5
yr before death. The regression coeffi-
cient, adjusted for cigarette smokingand
asbestos exposure, yielded an odds ratio
of 143 (95% CI = 1.06, 1.94) for work-
ers with 15 yr of cumulative exposure,
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exhaust was demonstrated. In a study
based on the Third National Cancer Sur-
vey where greater than 90% of the cancers
were histologically proved, the death cer-
tificate for lung cancer was coded ap-
propriatelyin 95% of cases(35). Because
there would be no reason for physicians
to link job category with death-certifi-
cate-diagnosed lung cancer, resulting
misclassification would be random and
would reduce the magnitude of the diesel
effect observed.

Other sources of confounding that
could influence these results are the ef-
fect of other, unknown occupational or
environmental exposures and passive
smoking. It is unlikely that either of these
are systematically related to diesel ex-
haust exposure.

Recently, completed epidemiologic
studies have found contradictory results
for the association of diesel exhaust ex-
posure and lung cancer. A mortality
study of maintenance men employed for
at least 1 yr between 1%7 and 1975 in
the London Transport bus garages and
repair facilities was done, with follow-up
to 1975 (4). No excess of lung cancer
deaths was seen. However, exposure to
diesel exhaustwas poorly characterized,
with both a short duration of exposure
and of follow-up. Waller (3)published
a study of London Transport workers,
men4s5to 64yr of age, from 1950through
1974, examining lung cancer deaths
among different categories of workers
and comparing the rates to expected rates

on London lung cancer death rates.
The highest mortality ratio was among
those with the highest potential diesel ex-
haust exposure, but the ratio was not
afferent from a group with little diesel
exhaust exposure. However, causes of
death occurring after aworker left tran-
sit authority employment were not
tecorded. There was also no considera-
tion of cigarette habits or of the ethnic
composition of the workers, and, as a re-
sult, the national rates used to calculate
Standardized Mortality Ratios (SMR)
may not have been appropriate.

Howe and coworkers(10) studieda co-
hort of retired Canadian railroad work-
e1s who were alive in 1965 as well asthose
Who retired between 1965 and 1977.

ths among active workers were not
Studied, and only last job worked was
3vailable, Analysis was done comparing
among population subgroups(non-
=Xposed, possibly exposed, and probably
®Xposed to diesel exhaust). In this study,
composition of the diesel exposure
Upings were not discussed. By exclud-

e

ing active workers, subjects with the
highest likelihood of past asbestos ex-
posure were studied, and wrkers likely
to have the longest duration of diesel ex-
haust exposure were excluded. Although
these investigators acknowledged some
of these limitations, they found a signifi-
cant trend for lung cancer for workers
who were probably exposed to diesel ex-
haust. Another recent study in a cohort
of heavy equipment operators (5) utiliz-
ing SMR analysis found increased lung
cancer by duration of union membership,
but not by the limited exposure data
provided. Cigarettesmokingwas not con-
sidered In the analysis. 4

The relative risk obtained in this cur-
rent study is low. Some believe that at
relative risks of this magnitude, epidemi-
ologic methods cannot be used to estab-
lishrisk. Criticswould indicate that one
could never eliminate the effects of con-
founding factors (36)-The pilot study (9)
conducted by our group also indicated
that the relative risk of lung cancer would
likely be of this magnitude. Risk assess-
ment using past studies (i.e., London
Transportworkers study) have suggested
an increased risk of similar magnitude
(below 2) (37).Known confoundershave
been considered, and we have identified
no source of systematicbias in the study
that would increase the chance of seeing
an effect of diesel exhaust exposure.

In the present analysis, we have as-
sumed that each year of diesel exhaust
exposure among dl exposed job locations
was equivalent. We plan to expand these
results to consider the different levels of
exposureamong diesel-exposed railroad
workers. Final confirmation of our re-
sults await the completion of other
studies in diesel-exposedpopulations or
studies in similar groups using different
methods, Our findingssuggestthat other
groups with occupational exposures (un-
derground workers exposed to diesel
exhaust) may be at excess risk of lung
cancer in contrast to those with ""back-
ground" levels.
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