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KRISTENSEN TS, LYNGE E. Lung cancer among butchers and slaughterhouse workers. Scand J Work
Environ Health 1993;19:137—47. The following three questions are examined in this critical evalua-
tion of the literature on lung cancer among butchers: (i) do butchers have an excess risk of lung can-
cer, (ii) if yes, is this excess possibly caused by exposures in the work environment, and (iii) if yes,
what then are the possible etiologic exposures? It was concluded that butchers probably have an ex-
cess risk of lung cancer. This excess risk can be explained partly, but not entirely, by tobacco smok-
ing. The following four possible etiologic exposures are introduced: human papilloma viruses, nitrite,
incomplete combustion products, and fumes from meatpacking materials. Three of these possible ex-
planatory factors (nitrite, combustion products and fumes from packing) are not, or only to a limited
extent, substantiated by the empirical data. It was recommended that the hypothesis concerning hu-
man papilloma viruses and also the possible role of work stress be tested in future studies.
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Several brief reports from the early 1980s (1—9) and
epidemiologic studies from the late 1980s (10—15)
dealt with a possible excess risk of lung cancer
among butchers. The objective of this article is to
address the following questions: (i) does a compre-
hensive review of the literature support the existence
of an excess risk of lung cancer among butchers; (ii)
if yes, is this excess risk possibly caused by expo-
sures in the work environment; and (iii) if yes, what
then are the possible etiologic exposures? With re-
spect to the last question, we have tried to assess the
empirical evidence for an etiologic role of exposure
to viruses, nitrite, incomplete combustion products,
meatwrapping fumes, and work stress.

Material and methods

Various terms have been used for the study group,
for example, butchers, slaughterhouse workers, abat-
toir workers, and meat industry workers. This review
covers all slaughterhouse and meat industry work-
ers (ie, workers engaged in slaughtering, cutting,
processing, and packing meat products from pigs,
cattle, sheep, and chickens if specified). We have used
the term “butchers” to refer to the entire group. The
original terms are used when the studies are quoted.

The design and analysis of the reviewed studies
have been evaluated on the basis of a checklist with
the following questions: (i) exposure measurement:
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have the relevant exposures been measured in a valid
and reliable way, and were the duration and intensi-
ty of the exposures measured; (ii) measurement of
disease: has the incidence of or the mortality from
lung cancer been registered in a valid and reliable
way, and has lung cancer been registered in the same
way among the exposed and unexposed persons; (iii)
confounding: are the relevant confounders, especially
tobacco smoking, known, and have they been con-
trolled for in the study design or the analysis; (iv)
selection: have the various selection mechanisms into
and out of the occupation been elucidated and con-
trolled for; (v) time dimension: has the time sequence
between exposure and disease been sufficiently ac-
counted for, and has the latency period been incor-
porated into the analysis?

Results

Brief reports from 1982—1983

A review of Danish occupational mortality data for
1970—1975 revealed an excess risk of lung cancer
among butchers (1). Subsequently, Fox et al (2) re-
ported excess risks of lung cancer among butchers
in England and Wales, Denmark, and Sweden. The
observed to expected ratios varied from 116 to 253
in eight study groups, and only the unskilled slaugh-
terhouse workers in Denmark deviated from this pat-
tern with a standardized mortality ratio (SMR) of 85.

The report of Fox et al was followed by several
letters to the Lancet on lung cancer in butchers. Grif-
fith (3) drew attention to the fact that an excess lung
cancer mortality had been found also among butch-
ers in conjunction with the 1951 and 1961 censuses
in England and Wales. Doerken & Rehpenning (4)
reported on a study from Hamburg, 1954—1966, in
which butchers had a relative risk (RR) of lung can-
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cer of 2.4 when they were compared with bakers.
Milham (5) presented death certificate data from
Washington state, 1950—1979; he reported propor-
tionate mortality ratios (PMR) close to 100 for lung
cancer in butchers and meatcutters working inside
and outside of slaughterhouses. Johnson & Fischman
(6) analyzed lung cancer deaths for members of the
Meatcutters’ Union in Baltimore and found a PMR
of 154 for the period 1965—1980. Vena et al (7)
were the first to present data controlled for smok-
ing. The study covered patients admitted to the
Roswell Park Memorial Institute in Buffalo, New
York, in 1957—1965. White men ever employed in
the meat industry had an odds ratio (OR) for lung
cancer of 1.1, which decreased to 1.0 when cigarette

smoking was controlled for. Lynge et al (8) reported
new findings for Danish butchers for 1975—1980.
An excess lung cancer mortality was still observed
among skilled butchers (SMR 151). Hogstedt et al
(9) provided the last of the brief contributions. They
found standardized incidence ratios (SIR) of 178 for
Swedish butchers for the period 1961—1973, and
170 for the period 1974—1979. A Swedish national
survey on smoking habits from 1963 indicated that
butchers were more frequent smokers than the aver-
age of Swedish men, and therefore their lung can-
cer risk would presumably increase by 25%.

Table 1 presents data from the brief reports. There
are 19 independent estimates of the relative risk of
lung cancer among butchers, of which 16 are above

Table 1. Populations, methods, and results concerning lung cancer among butchers and slaughterhouse workers in studies
published in 1982—1983.2 (SMR = standardized mortality ratio, PIR = proportionate incidence ratio, RR = relative risk, PMR =
proportionate mortality ratio, OR = odds ratio, SIR = standardized incidence ratio)

Number of
lung cancer  Measure Relative
Occupational cases among of relative . =
Reference group gél;?yn gregs:)ence butchers or incidence mcng?nce
studied g slaughter- or mortalit
house mortality y
workers
Fox et al 1982 (2)
National mortality Male Cross- Total male 260 SMR 116
data, England and butchers sectional population,
Wales, 1970—1972 adjusted for
social class
and age
National incidence Male Cross- Other incident 286 PIR 127
data, England and butchers sectional cancer cases,
Wales, 1966—1967 controlled for
age and gender
National incidence Male Cross- Other incident 253 PIR 120
data, England and butchers sectional cancer cases,
Wales, 1968—1970 controlled for
age and gender
Griffith 1982 (3) Male butchers Cross- Total male 436 SMR 127
National mortality and meatcutters sectional population
data, England and
Wales, 1959—63
National mortality Male meat and Cross- Total male 10 SMR 200
data, England and fish curers and sectional population
Wales, 1951 smokers
National mortality Male slaughter- Cross- Total male 17 SMR 131
data, England and house workers sectional population
Wales, 1951
Doerken & Rehpenning
1982 (4)
Study of incidence Butchers Historical Bakers, 36 RR 2.4
and mortality among prospective same age
398 butchers and distribution
399 bakers from the
state of Hamburg,
1954—1966
Milham 1982 (5)
Mortality study White male Cross- Other deaths 28 PMR 107
in Washington butchers and sectional among white
state, 1950—1979 meatcutters in males
slaughterhouses
Mortality study White male Cross- Other deaths 89 PMR 97
in Washington state, butchers and sectional among white
1950—1978 meatcutters males
outside
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Number of
lung cancer Measure Relative
Occupational cases among of relative . =
Reference group gé‘;?yn H:eofﬁrence butchers or incidence mcl(étrance
studied 9 group slaughter- or mortalit
house mortality y
workers
Johnson & Fischman
1982 (6)
Mortality study Male union Historical United States 27 PMR 154
of male members members prospective white males,
of meatcutters controlled for
union. Baltimore, age
1965—1980
Vena et al (1982) (7)
Hospital-based Ever employed Case- Patients with 21 OR 1.0
study of white in meat industry referent nonrespiratory,
male lung cancer noninfectious,
cases, Roswell Park nonneoplastic
Memorial Institute, diseases, con-
1957—1965 trolled for age
and smoking
Lynge et al 1983 (8)
National mortality Male self- Historical Total empioyed 17 SMR 159
data, Denmark, employed, prospective male population
1970—1975 butcher’s shops 169
National mortality Male self- Historical Total employed 30 SMR 175
data, Denmark, employed, prospective male population
1975—1980 butcher’s shops
National mortality Male skilled Historical Total employed 9 SMR 253
data, Denmark, butchers in prospective male population
1970—1975 butcher’s shops 148
National mortality Male skilled Historical Total employed 5 SMR 85
data, Denmark, butchers in prospective male population
1975—1980 butcher’'s shops
National mortality Male skilied Historical Total employed 15 SMR 173
data, Denmark, slaughterhouse prospective male population
1970—1975 workers 159
National mortality Male skilled Historical Total employed 21 SMR 151
data, Denmark, slaughterhouse prospective male population
1975—1980 workers
National mortality Male unskilled Historical Total employed 16 SMR 85
data, Denmark, slaughterhouse prospective male population
1970—1975 workers 100
National mortality Male unskilled Historical Total employed
data, Denmark, slaughterhouse prospective male population 35 SMR 109
1975—1980 workers
Fox et al 1982 (2)
National incidence Male butchers Historical Total male 65 SIR 178
data Sweden, in slaughter- prospective population,
1961—1973 houses controlled
for age and
region
National incidence Other male Historical Total male 12 SIR 130
data, Sweden, butchers prospective population,
1961—1973 controlled for
age and region
National incidence Other males Historical Total male 52 SIR 148
data, Sweden, in slaughter- prospective population,
1961—1973 houses controlled for
age and region
Hogstedt et al 1983 (9)
National incidence data, Male butchers Historical Total male 48 SIR 170

Sweden, 1974—1979

in slaughter-
houses

prospective

population,
controlled for
age and region

2 To facilitate comparisons the mortality data from Denmark published in references 1 and 2 (Lynge 1982 and Fox et al 1982)
are shown under Lynge et al 1983 (8), and the cancer incidence data from Sweden published in reference 2 (Fox et al 1982)
are shown together with those published in reference 9 (Hogstedt et al 1983).
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unity. The 19 estimates are based on 10 to 436 lung
cancer cases.

Review of other major surveillance studies

To supplement the data in table 1, we reviewed avail-
able surveillance studies on occupational cancer.
Very few of these, however, were sufficiently de-
tailed to report on lung cancer in butchers.

In the United Kingdom decennial supplement for
1979—1980 and 1982—1983 (16), SMR values of
331 and 176, respectively, were found for foremen
and workers classified as butchers and meatcutters.

In addition to the aforementioned data for men, the
Swedish Cancer-Environment Register for 1961—
1973 showed female slaughterhouse workers to have
an excess lung cancer risk (RR 1.7) (17). For the
period 1971—1984 this register showed an RR of
1.4 for male and 3.0 for female slaughterhouse work-
ers (18).

Death certificate data for Massachusetts, 1971—
1973, showed white male meatcutters aged 20—64
years to have an excess lung cancer mortality [mor-
tality odds ratio (MOR) 175], whereas no excess risk
was found for slaughterhouse butchers (19, 20).
Death certificate data for California, 1959—1961,
showed no excess lung cancer risk for butchers (21),
neither did a follow-up study of the Canadian labor
force, 1965—1973 (22).

A case-referent study of histologically verified
lung cancers in Montreal, 1979—1985, showed an
OR of 0.7 [90% confidence interval (90% CI) 0.4—
1.4] for slaughterers and meat processors when all
male patients were included in the analysis and can-
cer referents were used (23). Men of French origin
constituted the largest subgroup (10 out of 11 cases
with substantial exposure), and these men had an OR
of 2.4 (90% CI 0.7—7.9) when population referents
were used. Although smoking was controlled for, the
estimated OR values varied depending on whether
cancer referents or population referents were used in
the analysis (Siemiatycki & Dewar, personal com-
munication, 1992).

Epidemiologic studies from 1986 to 1989

Between 1986 and 1989, six studies were published
on lung cancer in butchers. Three of the studies cov-

ered various members of the Meatcutters’ Union in
Baltimore (10—12), and the remaining three were
from Sweden (13), New Zealand (14), and the United
Kingdom (15).

Johnson et al (10—12) identified 28 901 members
of the Meatcutters’ Union in Baltimore between July
1949 and December 1979. These workers were fol-
lowed until 31 December 1980, when 23 364 were
alive, 3150 were deceased (of which 200 had a miss-
ing death certificate and thus an unknown cause of
death), and 2187 were lost to follow-up. In the union
files, the members were categorized into the fol-
lowing five areas: abattoirs, meatpacking plants (no
slaughtering), meat departments of supermarkets,
chicken slaughtering plants, and nonmeat industry
(soft drinks, etc). PMR and SMR values were cal-
culated on the basis of mortality data for the gener-
al population of the United States.

Table 2 shows that there was a significant excess
risk of lung cancer among white male and female
union members, particularly concentrated among
members who worked in meatpacking plants and su-
permarkets. Among white men the highest lung can-
cer rate was, however, found for members working
in the nonmeat industry. Among nonwhite men, there
was a significant excess risk of lung cancer among
abattoir workers, but not among the other workers.

Gustavsson et al (13) undertook a nested case-ref-
erent study in a cohort of Swedish men registered as
butchers or slaughterhouse workers in the 1960 cen-
sus. Cases were men who died from squamous cell
and small-cell or undifferentiated primary lung can-
cer in the period 1971—1982. There were 58 eligi-
ble cases, of which 13 were excluded for various rea-
sons, the case group therefore being 45 men. Two
reference groups were selected from other deceased
slaughterhouse workers. The first included 99 men
who died of cancer, and the second included a ran-
dom sample of 100 deceased slaughterhouse work-
ers. Deaths from cancers assumed to be related to
exposure to combustion products and deaths from
violence or poisoning were excluded.

Information on work, smoking habits, and the like
was obtained through questionnaires sent to next-of-
kin. Both the cases and the referents had, on the
average, worked in four to five different slaughter-
house departments, such as the bleeding area, kill-

Table 2. Proportionate mortality ratios (PMR) and standardized mortality ratios (SMR) for lung cancer among members of The
Meatcutters’ Union, Baltimore, Maryland (1949—1980).2 (NS = not significant, ratios not shown by Johnson et al; — = not shown
by Johnson et al; numbers in parentheses = number of lung cancer cases)

PMR SMR
White women NS 3.30* 218" 381" NS 210" 141 402" 195* 456° 111 198"
& (12 (9 @ 38) G 12 14 3 @ @8
White men NS 157 127 NS 178 132" NS 1.88* 126 NS 215 137*
(=) @) @6 (=) @) a5 (=) @) @8 (=) (2 151

Nonwhite men - - - -

- 21* 10 14 06 10 -
23) © ) @ an 51

2 Taken from references 10—12.
* P<0.05.
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ing floor, meatcutting department, and smokehouse,
and it was not possible to obtain reliable informa-
tion on length of stay in each department. The ex-
cess lung cancer risk among slaughterhouse work-
ers could not be attributed to specific departments,
but meat cutting was associated with low risk (OR
0.36 and 0.45). The expected association between
tobacco smoking and lung cancer was found, as all
cases were smokers or ex-smokers.

The investigation of Reif et al from New Zealand
(14) was a case-referent study based on the New Zea-
land Cancer Register. It covered 19 904 male can-
cer patients aged 20 years or more at the time of di-
agnosis in 1980—1984. For each type of cancer the
other cancer cases were used as referents. Of the
4224 lung cancer cases, 135 had indicated meat
worker as their latest occupation. The overall OR for
lung cancer in meat workers was 1.30 [95% confi-
dence interval (95% CI) 1.06—1.58]. The OR was
2.94 (95% CI 0.72—12.02) for the age group 20—
39 years and 1.64 (95% CI 1.26—2.15) for the age
group 20—64 years. Analysis for different types of
slaughterhouse work was not possible.

Coggon et al (15) studied a cohort of 1610 male
slaughterhouse workers from three companies fol-
lowed until 1986. Recruitment to the cohort started
in 1946 in company A (431 workers), in 1952 in
company B (160 workers), and in 1955 in company
C (1019 workers). By the end of 1971, all of the
workers in the cohort had worked for at least six
months with live animals or meat. In the study peri-
od, 271 workers died, corresponding to an overall
SMR of 86. Forty-two men died from lung cancer,
for which the main results are presented in table 3.
Lung cancer was high among workers who had
worked with warm meat, particularly among work-
ers first exposed to warm meat at least 10 years ear-
lier.

Danish survey on the work environment and health
status of slaughterhouse workers

A cross-sectional survey of slaughterhouse workers
was undertaken in Denmark in 1982. The survey was
based on questionnaires from 4828 workers (82%
men, 83% response rate) from each of the 147 plants
in the Danish slaughterhouse and meat industries.
The participants provided information on symptoms,
health problems, and work conditions, as well as on
sociodemographic data (24—25).

The respondents worked in 70 different depart-
ments and used 75 different kinds of equipment. On
the basis of this information, 81 specific jobs were
constructed. The following exposures are considered
relevant for lung cancer: warm meat (slaughterline,
intestine department, etc), fumes from plastic mate-
rials (meat packaging), combustion products (smoke-
house), nitrite (production of sausages and other cold
cuts, etc), and job strain [defined as a combination
of high work pace and low influence (26, 27)]. Job
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strain was measured in two ways: through classifi-
cation of jobs and on the basis of the individual
worker’s responses regarding work pace, monotony,
influence, degree of freedom, and the like. The prev-
alence of these exposures in Danish slaughterhous-
es in 1982 is shown in table 4. One-fourth of the
women, but only 4% of the men, worked with meat
packing. The other exposures were not particularly
widespread. About 60% of the female and male
workers were exposed to high job strain, measured
as the combination of high work pace and low in-
fluence or control.

The Danish survey further showed almost all
workers to be below the age of 40 years when they
started work in the slaughterhouses, and many work-
ers left the industry before reaching the age of 60
years because of the tough work conditions. Hardly
any slaughterhouse workers remained in the indus-
try until the legal retirement age of 67 years (28).

Furthermore, the Danish survey sheds light on the
reported difference in lung cancer risk between
skilled and unskilled slaughterhouse workers in Den-

Table 3. Lung cancer mortality among 1610 men employed in
three British meat companies.? (SMR = standardized mortali-
ty ratio, 95% CIl=confidence interval)

Number
of lung
Gahcer SMR 95% CI
deaths
Company
A 13 148 79—253
B 4 91 25—234
Cc: 25 135 88—200
Total 42 133 96—179
Exposure
Live animals 2 101 12—365
Warm meat 22 184 115—-279
Chilled meat 16 142 81—231
Bacon process or products 4 69 19—176
Time since first exposure
to warm meat
<5 years — 0 0—491
5—9 years 2 144 17—520
10—19 years 1 246 123—441
=20 years 9 181 83—343

»

Taken from reference 15.

Table 4. Prevalence of certain exposures in the Danish slaugh-
terhouse and meat industry, 1982.2

Men Women
‘Exposures (N =3730) (N=1036)

(%) (%)
Work with warm meat 22.2 6.9
Work with meat packing 4.3 250
Work in smokehouse 0.7 0.3
Work in sausage department 5.4 9.8
High job strain (job classification) 58.8 59.5
High job strain (individual’
classification) 60.3 61.1

2 Taken from references 24 and 28.
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mark. This difference is puzzling because skilled and
unskilled workers in Danish slaughterhouses work in
the same departments with very similar job tasks. Ta-
ble 5 shows the incidence of lung cancer, 1970—
1980, among men working in butcher’s shops,
slaughterhouses, and agriculture (29), together with
selected results from the slaughterhouse survey. The
skilled workers had worked twice as long, typically
all their adult life, in the slaughterhouses as the un-
skilled workers had. A large part of the unskilled
workers were recruited from agriculture, where the
incidence of lung cancer is low (SIR 40—72). About
two-thirds of the workers in both groups were smok-
ers, and the average age in both groups was 38—39
years.

Evaluation of the evidence and hypotheses

Do butchers have an increased risk of lung cancer?

As it appears, many studies support the hypothesis
that there is an excess risk of lung cancer among
butchers (1—4, 6, 8—12, 14—20), while other stud-
ies do not (5, 7, 21—23, 30). Two of the negative
investigations: the Washington state study (5, 30) and
the California study (21) are PMR studies based on
death certificates. In these investigations nondiffer-
ential misclassification of exposure (occupation) may
have caused bias towards the null. The problems with
the validity of occupational data on death certificates
are mentioned explicitly in both papers (21, page 5—
6; 30, page 1). The negative study by Vena et al (7)
was a case-referent study using hospital referents. A
possible excess risk from other causes of death or
diseases among butchers could thus explain the neg-
ative outcome of all three of these studies. The large

and well-conducted case-referent study from Mon-
treal (23) does in fact indicate that the choice of ref-
erents is decisive. As has already been mentioned,
this study showed an OR of 0.7 for lung cancer
among butchers when cancer referents were used and
an OR of 2.4 when French population referents were
used. The last negative study of lung cancer in butch-
ers (22) was a follow-up study, but the butchers
seemed, from the sparse data reported, to constitute
a relatively small group.

Methodological problems may thus explain the
negative findings in some of the studies of lung can-
cer in butchers. It should be kept in mind that nega-
tive results in surveillance studies are common. The
authors of one of the negative studies pointed out (22,
page 39) that several established occupation-cancer
associations were not found in their study.

Compared with the negative studies, the positive
studies tend to be of better quality (ie, larger number
of cases, small dropout rate, reliable registers, knowl-
edge of the size of the population at risk, and long-
term follow-up). An overall evaluation of the litera-
ture thus leads to the conclusion that butchers in gen-
eral have an excess risk of lung cancer.

Finally it should be pointed out that, although the
slaughterhouse industry is homogeneous, workplace
exposures may have varied between butchers in dif-
ferent geographic areas and in different time periods.
Such differences may explain some of the diver-
gences in the study results.

Is the excess risk possibly caused by exposures in
the work environment?

The most important question with respect to possi-
ble occupational etiologic factors is, obviously,

Table 5. Standardized incidence ratios (SIR) of lung cancer in 1970—1980 among Danish men employed in butcher's shops,
slaughterhouses, and agriculture in 1970.2 For slaughterhouse workers supplementary information from the Danish slaughter-

house study, 1982, is included.b

Average

Nu?fber Average Hime as gryr:irrse Current
Employment lung SIR age slﬁgggtt:r- in agri- smokers
cancer (years) wWorker cuLture (%)
cases (years) (%)
Butcher’s shop
Self-employed 55 167"
Skilled butcher 20 179*
Slaughterhouse
Skilled worker 44 165 38.1 20.1 1.5 68
Unskilled worker 60 99 38.8 105 40.0 63
Unskilled worker,
agriculture 191 72*
Farmer
Small-size farms 206 41*
Middle-size farms 353 40*

a Taken from reference 29.
b Taken from references 24 and 28.
* P<0.05.
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whether or not the smoking habits of butchers can
account for their lung cancer risk. The significance
of tobacco smoking as a confounder in studies on
occupation and lung cancer has been discussed ex-
tensively. Even though the importance of tobacco
smoking as a confounder is often overestimated, it
is generally agreed that excess relative risks for lung
cancer in the range of 1.0 to 2.0 may be due to a
higher proportion of smokers in the study group than
in the population at large. The relative risks of lung
cancer among butchers fall within this range.

When individual smoking data are missing, the
following indirect control methods can be used (31—
33): (i) analysis of other tobacco-related diseases in
the study population, (ii) adjustment for presumed
differences in smoking habits between the exposed
and unexposed populations, (iii) comparison with an
internal, unexposed population, and (iv) analysis of
a possible exposure-response relationship.

The lung cancer risk among Swedish butchers for
the period 1961—1979 decreased from an SIR of 176
to an SIR of 133 (95% CI 100—179) when adjust-
ment was made for smoking determined on the ba-
sis of a survey of smoking habits (34, 35). About
two-thirds of Danish slaughterhouse workers were
smokers (table 5), and this figure is equivalent to that
of other occupational groups in Denmark (36, 37).
In Great Britain, the “current smoking ratio” for
butchers and meatcutters in 1972 was 99, indicating
smoking habits very close to the average for all men
(16).

Individual smoking data were not available in the
study by Coggon et al (15). However, an SMR of 86
was found for ischemic heart disease, and an SMR
of 72 was found for nonmalignant, respiratory dis-
eases. Furthermore, the excess risk was concentrat-
ed among workers exposed to warm meat and arose
10 years after the first exposure.

Reif et al (14) controlled indirectly for tobacco
smoking with data from a national survey which
showed the number of current smokers among food
and beverage workers to be 47% compared with 38%
on the average among employed men. Assuming
slaughterhouse workers to have the same smoking
habits as workers in the food and beverage industry,
Reif et al expected an RR of 1.20 due to smoking
alone. If this assumption is valid, tobacco smoking
thus largely explains the excess risk of lung cancer
among New Zealand slaughterhouse workers.

Vena et al (7) had individual data on smoking in
their hospital-based case-referent study, where ad-
justment for smoking reduced the OR from 1.1 to 1.0.
Smoking habits were adjusted for in the OR of 0.7
for all slaughterers and meat processors in Montreal,
and in the OR of 2.4 for the largest subgroup of
French origin (23).

In the studies by Johnson et al (10—12) white
male nonmeat workers had a higher lung cancer mor-
tality than the four groups of slaughterhouse work-
ers. An inverse pattern was found for white women
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and nonwhite men (table 2). It is thus difficult to
draw conclusions regarding confounding from smok-
ing in these studies.

Indirect adjustment for tobacco smoking thus elim-
inated the excess lung cancer risk among New Zea-
land butchers, moderated the excess risk among
Swedish butchers, but did not affect the excess risk
for butchers in the United Kingdom or Denmark.
Direct adjustment for tobacco smoking eliminated the
marginal excess lung cancer risk for hospital patients
from New York, but did not eliminate the excess lung
cancer risk for slaughterhouse workers of French or-
igin in Montreal.

While it must be assumed that tobacco smoking
can lead to a positive bias for estimated lung cancer
risk, there are several other factors that probably have
the opposite effect. First, when butchers are com-
pared with the general population, carcinogens oc-
curring in other workplaces, but not in slaughter-
houses, are negative confounders. Second, butchers
are less exposed to “city life” as slaughterhouses are
located mostly in small towns. Third, none of the
studies have taken primary selection and recruitment
to the work into account. Table 5 shows the Danish
lung cancer SIR values for 1970—1980, which are
40 for farmers, 72 for agricultural workers, 99 for
unskilled slaughterhouse workers, and 165 for skilled
workers. Thus a pattern emerges that almost resem-
bles an exposure-response relationship. Fourth, as has
already been mentioned, there is reason to believe
that a considerable number of slaughterhouse work-
ers leave the industry at an early age due to the stress-
fulness of the work. Thus, at a certain point in time
(eg, on a census date), many men with a background
in slaughterhouse work will be registered under other
occupations or as economically inactive. The same
is true for their subsequent lung cancers when such
populations are followed-up. This secondary selec-
tion will also cause a negative bias. Fifth, the terms
“butcher” and “slaughterhouse worker” are proxies
for unknown exposures which may affect only a pro-
portion of the workers. This potential dilution effect
also causes negative bias. Finally, nondifferential
misclassification of diseases and occupation may
occur in certain studies and will create bias towards
the null.

It is not possible to quantify and weigh the vari-
ous types of potential biases. But it is our evalua-
tion that butchers have an excess risk of lung can-
cer which exceeds the risk attributable to confound-
ing or bias.

Which exposures in the work environment could
possibly explain the excess risk?

Papilloma virus hypothesis. Pegum (38) presented
the hypothesis that papilloma virus could be a cause
of lung cancer among butchers. He observed that
butchers often have viral warts and that human wart
viruses, which cause benign papillomas of the skin,
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have also been associated with malignant changes
(39). Both Johnson (12) and Gustavsson et al (13)
mentioned the papilloma virus hypothesis, and Cog-
gon et al (15) stated that “if there is a hazard, infec-
tion by a papilloma virus would seem the most like-
ly cause [p 188].”

The prevalence of virus warts among slaughter-
house workers, including poultry slaughterhouse
workers (40—45), has been assessed in several stud-
ies and shows the following patterns: (i) the preva-
lence of virus warts among slaughterhouse workers
is generally high, 24—47%; (ii) in studies which al-
low comparison with unexposed groups, there is a
prevalence ratio of about 3; (iii) the high prevalence
of virus warts is found in all departments of slaugh-
terhouses, but one study (45) found a higher preva-
lence (47%) among “meat handlers” than among
“non meat handlers,” (31%).

The warts may derive from infection with various
types of human papilloma virus (40). The slaughtered
animals may act as vectors for the infection from one
worker to another. It is probable that workers with
wet hands, and with skin traumas on their hands, are
the most susceptible to infection. These conditions
are common in departments where workers handle
warm meat, slaughterline and intestine departments,
and in many other areas of the slaughterhouses.
Hence this is an exposure that affects all types of jobs
in the slaughterhouse industry, but in particular the
workers who are in direct contact with meat. This
exposure pattern is consistent with the lung cancer
pattern found in epidemiologic studies.

HPV-DNA (human papilloma virus-deoxyribonu-
cleic acid) sequences of various types have been de-
tected in lung cancer tissue from many patients, pri-
marily in cases of squamous-cell carcinomas (46—
52). Although the types of human papilloma virus
which have so far been detected in butchers’ warts
and in lung cancer tissue do not overlap, the papil-
loma virus hypothesis cannot be dismissed on the
basis of the results of existing studies.

Nitrite hypothesis. Nitrite has been used for the cur-
ing of sausage and other meat products, and some
studies (53, 54) have suggested that the formation of
nitrosamines in meat has a possible carcinogenic ef-
fect on people who eat nitrite-treated meat. In one
epidemiologic study Gustavsson et al (13) wrote that
use of “nitrite should not result in exposure by in-
halation among the slaughterhouse workers [p 519],”
and Coggon et al (15) stated that very few workers
were employed in meat preservation. In the Danish
survey (table 4), only 5% of the men and 10% of the
women worked in the sausage department, where
preservation with nitrite took place up until the
1960s. If exposure to nitrite causes lung cancer, there
should be a very high risk among the few exposed
slaughterhouse workers. Such an excess risk in a
small, clearly defined subgroup would probably have
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been noted by alert clinicians or would have shown
up in at least one of the epidemiologic studies; how-
ever, such a pattern has not been observed. Thus the
nitrite hypothesis is not empirically supported, and
in our opinion there is no reason to pursue it.

Incomplete combustion product hypothesis. Exposure
to incomplete combustion products, especially poly-
cyclic aromatic hydrocarbons (PAH), generated in
smokehouses have been regarded as possible risk fac-
tors by several authors. A Swedish study (13, 55, 56)
specifically addressed this hypothesis.

Measurements of PAH and other combustion prod-
ucts in smokehouses (55—57) indicate that smoke-
house workers may have been exposed to consider-
able levels. Incomplete combustion products are con-
sidered the cause of an excess lung cancer risk in oth-
er occupational groups (58—62).

The Danish survey of slaughterhouse workers
found that less than 1% worked in smokehouses (ta-
ble 4). Gustavsson et al reported that about 45% of
both cases and referents had worked in smokehouses
in their study (13). This significant divergence can
have several explanations. The Swedish figures are
lifetime prevalences, and the Danish figures are point
prevalences. In addition smoked meat has tradition-
ally constituted a larger proportion of meat products
in Sweden than in Denmark, and fewer persons have
been exposed as the smoking process has been au-
tomatized. The proportion of butchers working with
meat smoking was small in the United Kingdom
study (15) and negligible in the United States study
(10—12). Thus we can conclude that exposure to
incomplete combustion products is unlikely to ex-
plain the excess lung cancer risk among butchers, as
(i) the proportion of exposed workers is prob-
ably very small in most countries and (ii) none of
the epidemiologic studies have supported this hy-
pothesis, including the study by Gustavsson et al
(13).

Meatpacking hypothesis. The meatpacking hypoth-
esis was presented by Johnson et al (11). In addition
several studies have observed meat wrappers’ asth-
ma. During meat wrapping, the plastics are heated
when they are shaped, welded, and cut, and fumes
are then emitted from the thermal decomposition of
the plastics. The materials used in Baltimore, in the
United States, included polystyrene, polyethylene,
rubber hydrochloride, cellophane, and polyvinyl
chloride (PVC). When PVC is heated, benzene,
phthalic anhydride and phthalates, among other sub-
stances, are formed. Benzene is leukemogenic in hu-
mans, and the other two products are carcinogenic
in animals (11).

In the Danish survey of slaughterhouse workers
4% of the men and 25% of the women worked with
meatpacking and wrapping (table 4). Among the



Swedish men in the study by Gustavsson et al (13),
the lifetime prevalence of this work was about 15%
for both the cases and the referents. Meat packing
was not mentioned in the study by Coggon et al (ta-
ble 3).

The meatpacking hypothesis was generated from
the findings of Johnson et al that excess lung can-
cer risks existed for “meatpacking” and “supermar-
kets.” However, Johnson et al also found excess risks
for workers probably not exposed to plastics fumes,
such as white women in chicken plants (PMR 3.81),
white men in the nonmeat reference group (PMR
1.78, SMR 2.63), and nonwhite men in abattoirs
(SMR 2.1) (all figures from table 2). Coggon et al
(15) found a significant excess risk only among men
who worked with warm meat. None of these men
worked with meat packing. Gustavsson et al (13)
found an OR of 0.9 for men who had worked with
meat packing. Reif et al (14) found that only a mi-
nority of workers were exposed to PVC decomposi-
tion products. This finding is consistent with the
work conditions reported for Danish and Swedish
butchers. It is thus our evaluation that the empirical
support for the meatpacking hypothesis is at present
weak.

Work stress hypothesis. Work-related stress has not
previously been mentioned in the literature on lung
cancer among butchers. However, we believe that it
is relevant to consider this issue in view of the in-
creased research into psychosocial stressors, stress,
and cancer. Stress is hypothesized to increase can-
cer risk through changes in immune functions or in
the regulation of cell growth (63—67).

Several Danish studies have shown that slaughter-
house workers are particularly exposed to stressors
in the workplace and that they have a high incidence
of psychosomatic disorders (24, 25, 68—71). In the
1982 slaughterhouse survey about 60% of the work-
ers were exposed to job strain, compared with an es-
timated 16% of women and 6% of men in the total
Danish work force (72). The high level of job strain
in slaughterhouses can be regarded as a result of the
introduction of “scientific management” in the 1950s
and 1960s.

The possible influence of stressors on lung can-
cer risk has, to our knowledge, been studied only in
very few populations.

Marmot and his co-workers found civil servants
of low status to have a higher prevalence of job strain
(73) and subsequently to have a higher lung cancer
risk (74) than civil servants of high status. The lung
cancer data were controlled for differences in smok-
ing habits.

Hatch et al (67) used proximity to the plant as a
surrogate for stress in people living near the Three
Mile Island nuclear power plant. Before the accident
in 1979, the lung cancer incidence was slightly high-
er among people living close to the reactor (0—6 km)
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than among those living further away (>12 km) (OR
1.2). This difference was increased after the accident
(OR 1.7). The analysis controlled for potential con-
founders. The OR values for lung cancer mortality
were, however, 1.4 for the period before the accident
and 1.3 for the period after. It is thus difficult to con-
clude whether the increased incidence close to the
plant after the accident was a screening effect or was
related to stress.

Other related studies have not included variables
comparable to job strain or other job stressors (75,
76) or have not concerned specific data on lung can-
cer risk (77).

The well-documented stressful work of slaughter-
house workers makes it relevant to consider this fac-
tor also in relation to lung cancer risk. It should be
pointed out, however, that the observation of an ex-
cess lung cancer risk among butchers in England and
Wales already around the time of the 1951 census
points to etiologic factors which have persisted in
butchers’ work environments for a long time.

Concluding remarks

On the basis of our review, we conclude that there
is evidence for excess lung cancer risk among
butchers, at least in part due to exposures in the work
environment. However, it is difficult, from the stud-
ies reviewed, to pinpoint the probable etiologic fac-
tors. Among the exposures mentioned in the litera-
ture, we believe, however, that we can dismiss in-
complete combustion products, fumes from meat-
packing materials, and nitrite used for the preserva-
tion of meat. One or more of these exposures may
have caused individual cases of lung cancer in butch-
ers, but none of them can explain the pattern and the
level of the observed lung cancer risk. Hence two
hypotheses remain, each of which should be exam-
ined more closely in future research, namely, the hu-
man papilloma virus hypothesis and the work stress
hypothesis.

It is crucial that future studies on lung cancer in
butchers be more specific on two points in particu-
lar. First, carefully selected reference groups should
be used to supplement the national population, oth-
er deaths, or other cancers which have been used so
far. Second, tobacco smoking should, wherever pos-
sible, be determined on an individual level.
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