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Methods of control for smoking in occupaticnal

cohort mertality studies

by Kyle Steenland, MS, Jay Beaumort, PhD, William Ralperin, MC'

STEENLAND K, BEAUMONT J, HALPERIN W. Methods of contro] for smoking in occupational
cohort moriality studies. Scand J HWork Environ Health 10 (1984) 143—149. Cohort mortality studies,
which compare the observed mortality of 2 historically exposed cohont o &n expected mortality based
on figures from a national population, are among the most common 2nd useful types of studies done
in occupational epidemiology. Such studies are primarily based on records which lack data on smoking.
Hence it is often difficult 10 determine whether an observed excess of a given smoking-related disease
is the result of occupational exposures, &n excess consumption of cigareties among the exposed, or an
interaction between the two. The purpose of this paper is 10 outline the different types of control which
may be exercised in cohort mortality studies 10 control for the effects of smoking. Indirect control, which
uses only existing data, may be exercised through (i} analysis of other smoking-related causes of dealh
besides the cause-of-death of primary interest, (ii) use of an internal reference group instead of the na-
tionzl population, (i) adjustment of the excess risk based on hypothetical smoking habits, or ¢iv) analysis
for a dose-response relationship between occupationa! exposure and disease. Direct control, which re-
quires interviews, may be exercised through (i) a survey of ithe smoking habits of currently employed
cohort members, (i} a survey of all cohort members, or (ifi) 2 '‘nested”’ case-referent study within the
cohort. The choice of which method to use depends on the cost and the degree of accuracy required by

the investigator.
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With no data on smoking in a cohort mortality study,
it is often difficult 1o determine whether an observed
excess of disease is a result of occupational expo-
sures, an excess consumption of cigarettes in the ex-
posed cohort, or an interaction between tae two.
Occupational cohort mortality studies are often
conducted using company or unicn records to as-
semble the cohort, which is then followed to deter-
mine vital status. These studies use a historical cohort
design. The exposures have often occurred far in the
past, and a large percentage of the cohort is no longer
currently employed. The studies are usually done
solely from records, which consist primarily of work
histories, a list of who is alive and who is dead, and
the causes of death for those who have died. Often the
whereabouts of those who are still alive is unknown,
and no effort is made 10 comact these individuals.
Usually no information about the smoking habits of
the cohort is available. An estimartion of disease risk
is usually made through a comparison of the mortal-
ity experience of the exposed cohort with the mortal-
ity experience of a large national population (such as
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that of the United States), although occasionally
other nonexposed groups are used.

Many diseases are associated with smoking, and
many of these same diseases are work-related. For
example, lung cancer and nonmalignant respiratory
disease are among the smoking-related chronic dis-
eases which can be caused by occupational exposures.

If excess moriality in the cohort is observed for a
cause of death which is xnown to be associated with
smoking, it is important to atlempt to control for ithe
effects of smoking. There are several methods of
control, both indirect methods which use existing
records and direct methods which require interviews
10 obtain information on the smoking habits of the
conort. Most of these methods have been discussed at
one point or another in the epidemiologic literaiure
{4). Our purpose in this paper is 10 review all methods
which have been used io date.

Some would argue that control for smoking should
be built into any study design from the outset, re-
gardless of whether the disease of interesi is known to
be smoking-related or whether an excess of the dis-
ease of interest occurs in the exposed population.
This argument is based on the assumption that
almost all diseases are smoking-related and that a
deficit of disease can also be due to smoking (for
example a deficit of heart disease in a nitroglycerine
plant). However, obtaining information about smok-



ing for & retrospective study can be costly, and we
would argue that in many cases it may be prudent to
determine first if a disease known to be related to
smoking is in excess before going to the expense of
obtaining smoking information.

Indirect conirol using available records

Assuming the investigators are unable to obtain any
direct information on the smoking habits of the
cohort in question, Lhere are still four types of in-
direct control that can be exercised using available re-
cords. They are (i) an analysis of other smoking-re-
lated diseases, (ii) use of an intermal nonexposed
cohort, (iif) an adjustment based on hypothesized dif-
ferences in smoking habits for the exposed and non-
exposed populations, and (iv) an analysis of the data
for a dose-response relationship. Except for the use
of a nonexposed cohort, all these methods involve
little or no expense. However, they all lack the preci-
sion of direct control, for which dala on smoking
habits are obtained.

Orher smoking-related causes of death

If a given excess risk for any particular cause is in fact
due to excess smoking by the exposed cohort when
compared to the national population (the reference
group), then other smoking-related causes of death
should also be elevated. Coronary heart disease, non-
malignant respiratory disease (bronchitis and emphy-
semna), and cancers of the lung, larynx, pancreas,
esophagus and bladder are among the diseases associ-
ated with smoking. In 1able 1 we list the standardized
mortality ratios for these diseases for smokers in
comparison to nonsmokers on the basis of four large
cohort studies of smokers, the Dorn study of United
States veterans (15), the Hammond study (13), the

Weir & Dunn study (29), and the Doll & Peto study
(9). Despite the fact that these data are not quite com-
parable due to different definitions of smokers (cur-
rent or ever), different age categories, and different
periods of follow-up, for most of these diseases the
data are consistent from one study to another. Eso-
phageal cancer is an exception, perhaps due to the
inclusion of pipe and cigar smokers in the nonsmok-
ing group in the Weir & Dunn study, since the Dorn
study showed cigar smokers to have an excess risk of
5.33, and pipe smokers an excess risk of 1.99, for
esophageal cancer. Furthermore, for most of these
diseases, a consistent dose response is apparent in
relation to the amount smoked, a further confirma-
tion that these diseases are in fact associated with
smoking.

If an exposed cohort has smoked substantially
more than the national population, then all the
smoking-related diseases should be elevated. It is
clear from table 1 that the causes of death that are
the most associated with smoking are lung cancer,
emphysema, and laryngeal cancer. 11 is these diseases
which perhaps can most easily serve as indirect indi-
cators that a given excess mortality is due to smoking
rather than 10 exposure to a toxic agent.

As an example of this technique, in a study of
workers exposed to pesticides, an excess of lung
cancer was apparent; yer there were no excesses for
cardiovascular disease, cancers of the esophagus,
kidney, or pancreas, or for emphysema (3}. Hence
the authors took the lack of elevation of smoking-
related causes to be indirect evidence that the excess
of lung cancer was unlikely to be related to smoking.

Use of an internal reference group

Kather than using the national population as a
comparison group, it is often advantageous to use
another reference group, such as a cohor from a

Table 1. Standardized monality ratios for male cigarette smokers versus nonsmokers trom large prospeclive siugies @

Study
Cause ol death Hammond (13) Weir & Doll &
Dorn {15) Age 45—65 Age 6579 Dunn (29) Peto {9)
years years
Lung cancer B.B4 7.84 11,59 7.61 14.00
Laryngeal cancer 8.88 6.09 8.99 .. ..
Esophageal cancer 5.32 417 B.9g 1.82 4.67
Bladder cancer 1.90 2.00 296 2.89 2N
Pancreatic cancer 1.64 2.69 217 243 1.57
Kidney cancer 1.34 1.42 1.57 2.46
Emphysema 9.09 6.55 11.41 12.33
Bronchitis 286 .. . .. ..
Emphysema’bronchitis .. .. .. .. 24 67
Coronary heart disease 1.46 2.03 1.36 1.80 1.82

* Darn inciudes men 35—64 years of age at the time of entry with 217 776 person-years between 1954—1962, current smokers
versus nonsmokers. Hammond 1ncludes men 45—64 and 65— 79 years of age at the time o' entry with 1,436,573 person-years
between 1959— 1062, ever smoked regularly versus néver smokec regularly. Weir § Dunn includes men 35—84 years of ape
al the time of entry with 482 658 person-years from 1954 — 1962, current and exsmokers versus nonsmokers (including pipe
and cigar). Doll & Petoinclude 34,440 men followed far 20 years from 1951—1871. aged 40—85 years in 1971, current smokers

versus nonsmokers.
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similar socioeconomic class and from the same com-
munity. 1t is well known that smoking habits vary by
social class (26). In addition there is evidence for the
United States that there is some slight varnation
according to large geographic regions (5), although
there are few published data on this question.
Stronger evidence of geographic variation, control-
ling for social class, is available for England (8). For
these reasons, a local nonexposed group, with the
same income level as the exposed cohort, may have
smoking habits that are more similar 10 those of the
exposed group than those of the national population
are.

An example of this approach is a study of welders
in a local union where there was a 30 % excess rate
of lung cancer mortality compared to that of the
national population (2}. With the use of nonwelders
in the same local union as the reference population,
a similar excess risk for the welders was observed.
This finding could be taken as evidence that the
original observed excess was not due to smoking —
assuming the nonwelders from 1he same local union
shared the smoking habits of the welders.

However, there is evidence that smoking rates also
vary for different occupations, even within the same
socioeconomic categories (7, 21, 25, 28). For exam-
ple, in one study {25), the range of current smokers
within a sample of blue-collar workers varied from
36 T (stationary engineers) to 72 %o (roofers). Hence
using another occupational group as a reference
population may also have its pitfalis. It may be pos-
sible 1o avoid such potential pitfalls if the exposed
cohort can be divided into low and high exposure
groups. The low exposure group can then be con-
sidered as an internal comparison group of workers
in the same occupation (see later discussion on dose
response).

Adjusimeni based on hypoihesized differences

in smoking habils

Axelson has pointed out that an adjustment can be
made under various assumptions about the smoking
habits of the ¢ohort, given that the relative risks of
smokers for a variety of diseases are well known and
the smoking habits of the reference population can be
estimated (1). Numerous prospective epidemiologic
studies, such as those shown in table 1, have provided
relatively stable estimates of the excess risk smokers
incur for a number of causes of death. Furthermore
several surveys have provided estimates of the pro-
portion of smokers in the United States population.
Axelson chooses an example which considers lung
cancer. He assumes that the nonexposed population
is composed of 50 % nonsmokers, 40 % moderate
smokers, and 10 % heavy smokers, with relative risks
of lung cancer of 1, 10, and 20, respectively. He then
forms several hypotheses about the smoking habits of
the exposed population (see table 2). For example,
one such hypothesis is that the exposed cohort is
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composed of 30 % nonsmokers, 5¢ % moderate
smoblers, and 20 %o heavy smokers. Under such a hy-
pothesis, the exposed population would have a rela-
tive rish of 1.43 compared to the hypothetical nonex-
posed population, due to smoking alone. Then, if a
study of an exposed population finds an excess risk
on the order of 5—10 and if, in fact, the smoking
habits of the exposed cohort differ by the hypothe-
sized amoun! from the nonexposed, then one can con-
clude safely that smoking cannot account for more
than a fraction of the risk found. The point made is
that for the degree of risk ofien found for exposed
populations, rather large deviations in the smoking
habits of the exposed versus nonexposed populations
would have to exist for smoking 10 explain the excess
risk observed.

Clearly, these sorts of adjustments are crude. Lack-
ing any direct information on the smoking habits of
the exposed cohort, the investigator can only hypothe-
size such smoking habits and estimate what degree of
relative tisk might be explained by smoking.

A recent example of the use of this technique is
provided by Suta & Thompson {27), who wished to
determine the influence of smoking on a previous
finding that auiomobile workers suffered a 32 %
excess of lung cancer. Using data from the annual
health interview surveys made by the National Center
for Health Statistics in the United States, the authors
obtained data on the smoking habits of both auto-
mobile workers and the general population in the
period 1965—19B0. These data indicate that auto-
mobile workers smoked more than the general popu-
lation. Note that these data did not allow Suia &
Thompson to know the smoking habits of the auto-
mobile workers in the particular study with which
they were concerned, but only allowed them to hy-
pothesize a difference between the smoking habits of
the exposed group and the national population. The
authors then adjusied the observed 32 T excess risk

Table 2. Estimated crude rale ratios in relation to the fraction
of smokers In various hypothetical populations.®

Types cf smokers in exposed group (%)

Moderate Heavy

N.O:sn;c;kers smokers smokears Ra}eﬂ
trisk o 1) {nsk of 10) {risk of 20) ratio
100 0 0 D.15
70 30 o] D.43
60 35 5 0.78
50 40 i0 1.00
40 45 15 1.22
30 50 20 1.43
10 60 30 1.86
0 0 100 3.08

2 Taken from Axelson {1} The percentages in the table repre-
sent the distnibution of smokers among the expased

v Comparing the exposed with the nonexposed group com-
posed of 50 % nonsmokers, 40 % moderate smokers, and
10 % heavy smokers.



downward, and estimated that, afier smoxing is
taken into account, the excess risk declines to some-
where between 6 and 2] %, depending on how the ad-
justment is made.

The adjustments used by Suta & Thompson con-
1ain a measure of imprecision due to several factors,
as pointed out by Silverstein et al (23) in an accom-
panying editorial. One is that the smoking rates for
automobile workers obtained from the health inter-
view surveys show an appreciable variation due 1o
sample size limitations, and the differences observed
between auto workers and the general population (7—
10 % difference in the percentage of current smokers)
were pnot statistically significant. Another is thai,
while it is possible to adjust for current smokers and
those who have never smoked, an adjustment for for-
mer smokers is more difficult. The excess risk of for-
mer smokers varies according to the age when they
quit, to how much they smoked before they quit, and
1o how long ago they quit. This information may be
unavailable in surveys of smoking habits; for the
automobile workers in the health interview survey 11
was not known how much they smoked before they
quit. It is this difficulty in adjusting for former
smokers which caused Suta & Thompson 10 give a
range of estimales for the excess risk for auto
workers after adjustment.

Dose-response analysis

It is customary in occupational cohort moriality
studies, if an overall excess risk for a given cause is
observed, 10 estimate different risks according to dif-
ferent dose categories. (Since data on dose is usually
unavailable, duration of employment often serves as
a surrogate for dose.} I a trend toward increasing
risk is seen with increasing duration of emplovment,
it is thought 10 indicate tha in faci the excess risk is
associated with exposure.

This concept certainly has some validily. An ob-
served dose-response relationship is frequently taken
as one of the criteria for establishing a true associa-
tion of an agent with a disease, in animal as well as
in human studies. Such a dose-response relationship
in a human epidemiologic study ¢an be seen as a con-
firmation of a true associalion insiead of as one
spurious due to smoking. However, when duration of
emplovment is used as the measure of dose, there will
be a strong correlation with years of consumption of
cigarettes. Since increased years of cigaretie con-
sumnption are associated with increased risk for a
number of diseases, an appropriate analysis would
attempt to observe an increased risk with duration of
employment stratified by age so that workers within
the same age categories would be compared accord-
ing to their duration of employment. Such a stratifi-
cation for age is customarily done in standard life-
1able programs used 10 calculate a standardized mor-
tality ratio. An evaluation of the dose-response rela-
tionship through a comparison of standardized mor-
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tality ratios may then be a valid way of controlling
for the effect of smoking, if one assumes that the
smoking habits of the exposed cohort remained fairly
constant over time or at least changed uniformly
among dose categories over time. In other words, the
stratification for age, within the different dose cate-
gories of the exposed cohort, must be assumed to
stratify broadly on amount smoked also. Further-
more there must be no interactive effect between age
(or cumulative years of smoking) and the exposure in
question for the disease of interest, or else compari-
sons of indirectly standardized measures will be in-
valid.

Direct control using data on smoking obtained
by inferview

Direct control for the effects of smoking requires
contacting members of the cchort themselves, or
other individuals such as next-of-kin who can give re-
liable information about the smoking habits of
cohort members. Such an effort usually increases the
cost of the study and might be undertaken only if (i)
an excess risk is found that is small enough 10 be in
fact accounted for by smoking rather than by expo-
sure and (ii) the much cheaper methods of indirect
control are felt 10 be 100 imprecise.

11 is usvally impossible to contact all cohort mem-
bers or their surrogates directly to determine smeking
habits. Smoking data are usually collecied through (i)
a survey of a sample of currently emploved cohort
members, (ii) a survey of a sample of all cchort mem-
bers, or {iii) a case-referent study of a piven disease
within the cohort and a survey of only cases and re-
ferents.

Generally the case-referent approach will be the
mos! precise method of conurolling for smoking.
Cost considerations may plav a role in the decision as
to what kind of direct control should be exercised.
The cos1 of obiaining smoking information depends
on the number of people who are 10 be interviewed.

Survey of currently employed cohori members
Conducting a survey of a sample of currently em-
ploved cohort members has the advantage of being
much easier than a survey of a sample of all cohort
members, many of whom are no longer emploved.
However current workers may not be representative
of all workers in the cohort. For example, persons
who have smoked more and have had worse health
may have lefl the workforce.

The smoking habits of currently employed workers
may be compared with the smoking habits of the cur-
rent national population of a similar age, which is
available from national surveys. However, the na-
tional population includes many nonworkers, whose
smoking habits may differ from those of the workers.
As an aliernative, it may be possible 10 compare the



currently exposed with another group of workers
who are current workers but are nonexposed.

A recent example of the use of this technique will
serve as illustration. In a recenl cohort mortality
study of heavy equipment operators {11), the investi-
galors wished 10 assess whether the cohort’s smoking
habits differed from those of the national popula-
tion. A survey of 107 currently working men indi-
cated that 25 % had never smoked. Data from the
1970 health interview survey, conducted by the Na-
tional Center for Health Statistics in the United
States, indicated that 31 % of men in the national
population were nonsmokers. The authors conducted
a chi-square test and found no significant differences
in smoking habits between the cohort and the United
States population and hence concluded that smoking
was unlikely to have confounded their results.
Another example of this approach is previded by
Edling et al (10), who conducted a survey of the
smoking habits of current workers and then used an
Axelson-type adjustment to correct estimates of ex-
cess risk of cardiovascular disease mortality. _

Survey of past and current workers

A beuer method to assess the smoking habits of an
exposed cohort is 1o survey a sample of the entire
cohort. Such a survey involves tracing employees
who are no longer working and who may have died
or moved far away from the worksite. When the
employees have died, 11 is necessary to interview a
surrogate (such as their next-of-kin or co-workers).
The data which can be derived from interviewing
surrogates will presumably be somewhat less reliable
than the data obtained from cohort members them-
selves, but it should be relatively accurate as to
whether a cohort member simply smoked or did not
smoke. The lherature on the validity of surrogate
data for smoking is limited. One study (22; indicated
thar for about 2,000 British and Norwegian immi-
grants to the United States who died in the 1960s,
next-of -kin showed 92 % agreement with the dece-
dent’s own information on being a regular smoker
versus an occasional smoker or nonsmoker. Howev-
er, when the comparison was made for more-detailed
information about how much an individual smoked
{never, occasionally, less than one pack, one pack,
and more than one pack per day), agreement between
the decedent and the next-of-kin fell to 74 %. In an-
other study of lung ¢ancer among shipyvard workers
(6), the authors interviewed 24 men with lung cancer
and their wives concerning the husbands’ smoking
habits and found that there was 83 % agreement for
smoking category. A similar degree of agreement was
found by Flanders et al (12), who interviewed 15 live
subjects and their nearest relatives to determine the
subjects’ smoking habits, and by Pershagen & Axel-
son (19), who compared information on smoking
given for 14 deceased men by the next-of-kin with the
information on decedents’ medical records. In general,
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however, it can be said that more information is
needed 1o determine the validity of smoking data
from surrogates.

It is difficult 1o trace past employees who are stil}
alive but may have moved far away. Fortunately, in
many occupational studies, the ¢cohort is composed
of individuals who, after retirement, tend 10 stay in
the community where they worked. For example, in
a recent study of smelter workers employed at eight
different plants {personal communication, Edward
Ricci and Phil Enterline, Graduate School of Public
Health, Unijversity of Pittsburgh, Pennsylvania,
United States), the investigators conducted a survey
of over 400 cohort members. After cohort members
were traced via fetters, phone calls, and information
provided by friends and relatives, a final response
rate of B3 % was attained. These smelter workers
came from relatively stable and small communities
and were probably easier to trace than workers in
large urban centers.

Afier the survey is conducted, other data must be
used to estimate the smoking habits of the reference
group. Once data are available on the smoking habits
of the exposed and nonexposed, some type of adjust-
ment similar 10 the one proposed by Axelson must be
done to assess the possible confounding effect of
smoking on any excess cause-specific risk which was
found in the exposed cohort.

An example of this type of adjustment is found in
a study of uranium miners (16). In that study a com-
parison of the smoking habits of the exposed versus
those of the national population indicated that an
18 % excess in lung cancer mortality should have
been expected for the exposed group due to smoking
alone. In fact a 400 %o excess of lung cancer mortality
occurred.

Nested case-referent study

Once the cohort study is compleied and excess risk
of a given disease has been found, then an alternative
way of controlling for smoking is to conduct a nested
case-referent study. In such a study cases are usually
all those who died of the disease of interest, and re-
ferenis are a sample of cohort members who did not
die of the disease of interest (or alternatively, had not
died of the cause of interest at the time of the case’s
death). Cases and referents, or their surrogates
(usually next-of-kin), must be interviewed to deter-
mine smoking habiis, and cases and referents must be
evaluated for their exposure to the suspected agent.
Exposure odds ratios may then be calculated which
adjust for smoking. However this approach usually
requires that a group of nonexposed individuals is
available in the cohort so that there is variability in
the cases' and referents’ exposure histories.

A pood example of this approach is a study of
copper smeler workers in Sweden by Pershagen et al
{20). From a cohort of some 4,000 workers, 76 lung
cancer cases were identified. Two referents per case



were chosen from among those who had died of
diseases other than lung cancer. Interviews were con-
ducted with next-of-kin to determine smoking status,
and exposure or nonexposure 10 arsenic was deter-
mined from company records. The authors found a
threefold risk of lung cancer for nonsmokers exposed
1o arsenic. An interaction between arsenic and smok-
tng for lung cancer was noted.

In a case-referent study with dead cases, live refer-
ents could be used as well, although the question of
the comparability of smoking data would arise if
some information came from the subjects themselves
while other information came from surropates. Fre-
quently this problem is avoided by interviewing sur-
rogates for the live referents rather than interviewing
the referents themselves. On the other hand there is
some evidence (17) that dead referents will have
smoked more than live referents, a phenomenon
which may bias estimates of risk.

The case-referent approach has the value that the
investigator cannot only centrol for confounding due
to smoking, but can also determine whether there is
an interaction between smoking and the exposure
variable. This ability to assess interaction is the
strength of the case-referent approach to controlling
for smoking. Perhaps the best known interaction
between an occupational exposure and smoking is for
the carcinogenic effect of asbestos. Other evidence
indicates that exposures to arsenic (20), radon daugh-
ters, cadmium, and toxins in the rubber industry (18)
may also interact with smoking to increase health
risk. A recent report has suggested that smoking may
also interact with occupational exposures to decrease
lung cancer (24), under the theory that smoking
causes an increase in airway mucus, which protects
the lung from carcinogens. However, the epidemio-
logic data to document this last suggestion are weak
or are contradicted by other studies (14). Alterna-
tively, if there is such a protective effect, it may be
restricled 10 very specific situations; for example
some authors (14) have noted that British coal miners
with smoking-induced bronchitis have had less coal
dust in their lungs.

A disadvantage of the case-referent approach may
be the necessity of having a group of nonexposed
individuals for a reference group. Without such non-
exposed individuals, everyone in the case-referent
study will be exposed, and no risk for disease condi-
tiona! on exposure can be estimated.

In some cases it may be possible to conduct a
nested case-referent study to contro! for smoking
within a cohort where everyone has been exposed, if
there is sufficient variation in exposure levels. In such
a case, the risk of low-exposed individuals can be
compared to the risk of high-exposed individuals,
smoking being controlled. Whittemore & McMillan
(30) have recently provided an example of this ap-
proach in their case-referent analysis of a cohort
study of uranium miners.
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Discussion

It is very rare that an epidemiologist possesses in-
formation on the smoking habits of a historical occu-
pational cohort; yet this lack of information has not
prevented occupational cohort mortality studies from
being undertaken. Indeed occupationally exposed
cohorts have provided the definitive evidence of car-
cinogenicity for most known human carcinogens,
including benzene, vinyl chloride, asbestos, bis(chlo-
romethylether (BCME), beta-naphthylamine, coke
oven emissions, radon daughters, arsenic, nickel, and
hexavalent chromium. Sometimes the excess risks
observed have been for cancers which are unrelated
or only shightly related 1o smoking (eg, hepatic angio-
sarcoma and vinyl chloride, leukemia and benzene).
In other cases the risks have been of such magnitude
that smoking could obviously not account for them
(eg, BCME and radon daughters and lung cancer, b-
naphthylamine and bladder cancer). Occasionally
data on smoking were available for the cohorts (eg,
asbestos, arsenic, radon daughters). Finally, in some
cases an internal reference group has been used (eg,
coke oven emissiens).

Occupationally exposed cohorts will continue to
provide the most solid evidence of associations
between many toxins and chronic human disease.
This is so because occupationally exposed cohorts
have often been exposed sufficiently long ago o rela-
tively high concentrations of toxins so that an effect
can be measured. Furthermore mortality studies,
rather than morbidity studies in which smoking in-
formation can be more easily collected, will continue
to be common because of the relative convenience of
using routinely collected records. Therefore the prob-
lem of disentangling the effects of exposure and
smoking will continue. Many investigators are al-
ready currently using some method of control when
the disease in question is known to be associated with
smoking and when an excess risk is observed for an
occupational cohort. Our purpose in this report has
been to list these methods in a systematic way and
stimulate further discussion.
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