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Case-control study of multiple myeloma and farming
N.E. Pearce1'2, A.H. Smith3, J.K. Howard', R.A. Sheppard', H.J. Giles'
& C. A. Teague4

'Department of Community Health, Wellington Clinical School of Medicine, Wellington Hospital, Wellington,
New Zealand; 2Department of Epidemiology, School of Public Health, University of North Carolina, Chapel
Hill, NC 27514, USA; 3Department of Biomedical and Environmental Health Sciences, School of Public
Health, University of California, Berkeley, CA 94720, USA; 4Department of Pathology, Princess Alexandra
Hospital, Brisbane, Queensland 4102, Australia.

Summary A previous case-control study which utilised the occupational information available on the New
Zealand Cancer Registry found an increased risk of multiple myeloma in agricultural workers consistent with
previous findings in the United States. The findings are now presented for the second phase of the study
which involved interviewing 76 cases of multiple myeloma (who had been included in the previous study)
together with 315 controls with other types of cancer. The previous finding on an excess of farmers in the
case group was confirmed by the interview data (odds ratio= 1.7, 95% confidence limits 1.0-2.9, P=0.04).
There were no significant differences between cases and controls regarding potential exposure to phenoxy
herbicides or chlorophenols. There were also no significant differences regarding activities involving potential
exposure to other agricultural chemicals, although the odds ratio for fencing work, which may involve
exposure to arsenic and sodium pentachlorophenate, was 1.6 (95% confidence limits 0.9-2.7, P=0.l1). The
odds ratios were significantly elevated for sheep farming (odds ratio= 1.9, 95% confidence limits 1.0-3.6,
P=0.04) and exposure to beef cattle (odds ratio=1.7, 95% conficence limits 1.0-2.9, P=0.05). The odds
ratio was also elevated for persons reporting a history of hay fever (odds ratio= 1.9, 95% confidence limits
1.0-3.5, P=0.05). Overall, these findings suggest that the search for the causes of elevated mortality in
farmers from multiple myeloma should be directed to potential causes other than pesticide exposure.

A previous analysis of the occupations of male
multiple myeloma and malignant lymphoma
patients recorded on the New Zealand Cancer
Registry during the period 1977-81, compared with
other cancer controls, found that agricultural
workers were at increased risk of developing
malignant lymphoma and multiple myeloma
(Pearce et al., 1985). Similar excesses have been
found in studies in other countries (Buesching &
Wollstadt, 1984; Burmeister, 1981; Burmeister et
al., 1983; Canter, 1982; Cantor & Blair, 1984;
Goldsmith & Guidotti, 1977; Logan, 1982),
including Swedish studies which found an
association between malignant lymphoma and
exposure to phenoxy herbicides or chlorophenols
(Hardell, 1981; Hardell et al., 1981), both of which
have been widely used in New Zealand since the
late 1940's (Smith et al., 1984).
The New Zealand excess was almost entirely

among patients registered under codes 202 (non-
Hodgkin's lymphoma other than lymphosarcoma
and reticulosarcoma) and 203 (multiple myeloma)
of the International Classification of Diseases
(ICD) (WHO, 1967; 1977). Interview findings for
the former subgroup have been presented
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previously (Pearce et al., 1986), and demonstrated
that the overall excess for farmers was attributable
to excesses among farmers who had carried out
fencing work or worked in a meat works, with
particularly high risks for farmers who had carried
out both activities. This paper presents the
interview findings for the multiple myeloma
subgroup.

Methods

The study population comprised 102 male public
hospital patients who were registered under ICD
code 203 during the period 1977-81 and who were
less than 70 years of age at time of registration.
For each of the cases, four male cancer patients

who had the same year of registration and were
within two years of birth had previously been
chosen as controls for the study using Cancer
Registry information on occupation (Pearce et al.,
1985). Two of the four control patients were
selected at random for this study. Interviews were
conducted by telephone by one interviewer who was
not aware of whether the patient had a multiple
myeloma or was a cancer control. The interviews
were conducted concurrently with those of the
other cancer controls for the non-Hodgkin's
lymphoma subgroup (Pearce et al., 1986), and the
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two groups of controls have been pooled in the
analysis presented here to provide greater precision
for the estimates of control exposure. The latter
study had also included a second control group

chosen from the general population as an

additional check which gave very similar findings to
those obtained with the main control group of
other cancer patients (Pearce et al., 1986).
The questionnaire was similar to that used in

previously published case-control studies of soft
tissue sarcoma (Smith et al., 1984) and non-
Hodgkin's lymphoma (Pearce et al., 1986) patients.
As before, stem questions were used to identify
whether or not study subjects had worked in
particular occupations in which there was potential
for exposure to phenoxy herbicides or chloro-
phenols. If the response to a stem question was in
the affirmative, then a series of subsidiary questions
were asked to clarify the work done and the actual
potential for exposure, firstly in general terms, and
then in specific terms, seeking the identity of the
chemicals used. Additional questions were also
asked in this study concerning involvement in
various types of farming, work with various farm
animals, and history of various medical conditions
and allergies. The medical conditions selected for
questioning were those which had been associated
with tumours of the lymphatic and haemopoietic
system in epidemiologic studies or case-series
reports, and which were expected to have

sufficiently high incidence in the control
population.
The Statistical Analysis System logist procedure

(Harrell, 1983) was used to perform an

unconditional maximum likelihood logistic
regression analysis, adjusting for decade of birth
and whether the subject or the next-of-kin was
interviewed. Two-tailed P-values and 95%
confidence limits were calculated for all analyses.

Results

Relevant laboratory reports of cases coded as

multiple myeloma were examined by one

pathologist and five cases who did not appear to
have multiple myeloma were excluded. Reasons for
other exclusions included: private hospital patients
who had been wrongly coded on the Cancer
Registry; duplication on the Cancer Registry;
wrongly coded age; and persons who had come to
New Zealand solely for medical treatment.
Interviews were completed with 76 (82%) of the 93
eligible cases and 315 (81%) of the 389 eligible
controls.

Table I gives the findings for various occupations
and activities potentially associated with exposure
to phenoxy herbicides. Cases were more likely to
have been farmers than controls, with the odds
ratio of 1.7 being similar to that found using

Table I Odds ratio estimates for multiple myeloma for occupations and activities
involving potential exposure to phenoxy herbicidesa.

95%
Exposed Exposed Odds Confidence P

Exposure cases controls ratio limits value

Farming 43 113 1.7 1.0-2.9 0.04
used any
agricultural
chemical spray 16 53 1.3 0.7-2.5 0.37
sprayed gorse,
blackberry, pasture,
cereal or peas 14 40 1.6 0.8-3.1 0.18

Forestry worker 7 30 1.0 0.4-2.3 0.92
sprayed chemicals 0 1

Railways worker 11 36 1.3 0.6-2.7 0.51
sprayed chemicals 0 1

Ministry of works 1 26 0.1 0.0-1.1 0.06
sprayed chemicals 0 1

Town council worker 10 40 1.0 0.5-2.1 0.98
sprayed chemicals 1 10 0.4 0.0-3.2 0.39

Chemical sprayer 0 1
Aerial spray work 0 0 - -

aStratified on decade of birth and whether the subject or a relative was interviewed.
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Table II Odds ratio estimates for multiple myeloma for
exposure to phenoxy herbicidesa.

various categories of

95%
Exposed Exposed Odds Confidence P

Exposure cases controls ratio limits value

Ever sprayed an
agricultural chemical 43 158 1.3 0.8-2.2 0.30

Ever potentially
exposed before
cancer registration 17 67 1.1 0.6-2.0 0.74

Potential exposure of
more than 1 day at
least 5 years before
cancer registration 16 52 1.4 0.7-2.7 0.29

Probable or definite
exposure of more than
1 day at least 5
years before cancer
registration 13 46 1.3 0.6-2.5 0.48

Probable or definite
exposure of at least
5 days more than 10
years before cancer
registration 12 40 1.4 0.7-2.2 0.40

aStratified on decade of birth and whether the subject or a relative was interviewed.

Table III Odds ratio estimates for multiple myeloma for occupations and activities
involving potential exposure to chlorophenolsa.

95%
Exposed Exposed Odds Confidence P

Exposure cases controls ratio limits value

Fencing work 29 87 1.6 0.9-2.7 0.11
treated own posts 2 8 1.1 0.2-5.6 0.87

Saw mill or
timber merchant 11 42 1.1 0.5-2.3 0.81

potential exposure
at saw mill or
timber merchant 5 16 1.4 0.5-3.9 0.57

Meat works 15 49 1.3 0.7-2.5 0.39
pelt department
in meat works 2 10 0.8 0.2-3.8 0.79

Tannery 1 7 0.6 0.1-5.1 0.65

aStratified on decade of birth and whether the subject or a relative was interviewed.

Cancer Registry data (Pearce et al., 1985). The
odds ratios for spraying as a farmer were not
significantly elevated and the proportions of cases
and controls who had worked in other occupations
which may involve spraying were also not
significantly different.

Table II gives the specific findings relating to
phenoxy herbicide exposure. None of the odds

ratios was significantly elevated and the highest
observed odds ratio - for the category of 'any
agricultural chemical exposure' - was equal to that
for farming in general (Table I).

Table III gives the findings for various
occupations and activities potentially associated
with exposure to chlorophenols while Table IV
gives the specific findings relating to exposure. The
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Table IV Odds ratio estimates for multiple myeloma for
exposure to chlorophenolsa.

various categories of

95%
Exposed Exposed Odds Confidence P

Exposure cases controls ratio limits value

Ever potentially exposed 6 26 1.1 0.4-2.7 0.91
Potential exposure of
more than 1 day at
least 5 years before
cancer registration 6 26 1.1 0.4-2.7 0.91

Potential exposure
of at least 5 days
more than 10 years
before cancer registration 4 21 0.8 0.3-2.5 0.71

aStratified on decade of birth and whether the subject or a relative was interviewed.

Table V Odds ratio estimates for multiple myeloma for various types of farminga.

95%
Exposed Exposed Odds Confidence P

Exposure cases controls ratio limits value

Sheep farm 18 43 1.9 1.0-3.6 0.04
Dairy farm 23 71 1.4 0.8-2.5 0.23
Mixed/dry stock farm 11 37 1.3 0.6-2.6 0.55
Cropping farm 5 10 2.0 0.6-6.0 0.24
Poultry farm 1 4 0.9 0.1-8.4 0.94
Orchard 2 3 2.8 0.5-16.9 0.27

aStratified on decade of birth and whether the subject or a relative was interviewed.

elevated odds ratio for fencing work is of particular
interest because it parallels the finding for the non-
Hodgkin's lymphoma subgroup (Pearce et al.,
1986). However, the elevated risk associated with
fencing work only partly accounted for the overall
risk for farmers and the odds ratio for farmers who
were not involved in fencing work was also elevated
(odds ratio= 1.5, 95% confidence limits 0.8-3.1,
P= 0.24).

Table V gives the findings for various types of
farming work. There are few New Zealand farms
solely involving beef cattle, but there are a number
of 'mixed/dry stock' farms with both sheep and
beef cattle. Cropping farms primarily involve
market gardens which grow vegetables and fruit for
the consumer market, but some involve the
production of wheat and other grains. The odds
ratios were elevated for work on sheep farms,
cropping farms and orchards but only the former
finding was statistically significant. The odds ratio
for farmers who were not involved in sheep farming
was 1.5 (95% confidence limits 0.8-2.6, P=0.20).

Table VI gives the findings for reported exposure
to various farm animals. The only significantly
elevated odds ratio was for exposure to beef cattle.

Table VII gives the findings for various medical
conditions and allergies. The only significantly
elevated odds ratio was for persons reporting a
history of hay fever. However, the odds ratio for
farming did not change when adjusted for the effect
of this factor.

Discussion

The most important finding of this study is that
farmers are at increased risk of multiple myeloma.
This supports the similar findings from studies in
other countries (Agu et al., 1980; Burmeister, 1981;
Burmeister et al., 1983; Cantor & Blair, 1984;
Gallagher et al., 1983; Milham, 1971; Priester &
Mason, 1974). It could be argued that the P value
for farming is not valid, since this is not an
independent analysis, but a further analysis (using
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Table VI Odds ratio estimates for multiple myeloma for exposure to various farm
animalsa.

95%
Exposed Exposed Odds Confidence P

Exposure cases controls ratio limits value

Sheep 34 113 1.4 0.9-2.4 0.18
Cows 36 127 1.3 0.9-2.1 0.33
Beef cattle 31 91 1.7 1.0-2.9 0.05
Poultry 29 101 1.3 0.8-2.1 0.37
Pigs 27 92 1.3 0.8-2.3 0.32

aStratified on decade of birth and whether the subject or a relative was interviewed.

Table VII Odds ratio estimates for multiple myeloma for various medical conditions
and allergiesa.

95%
Exposed Exposed Odds Confidence P

Exposure cases controls ratio limits value

Rheumatoid arthritis 4 7 2.3 0.6-8.0 0.21
Eczema 4 18 0.9 0.3-2.8 0.89
Asthma 9 29 1.3 0.6-2.9 0.53
Asthma medication 8 19 1.8 0.7-4.3 0.21

Hay fever 19 48 1.9 1.0-3.5 0.05
Allergen vaccines 0 5

Food allergies 3 6 2.1 0.5-8.5 0.32
Drug allergies 4 19 0.8 0.3-2.5 0.72

aStratified on decade of birth and whether the subject or a relative was interviewed.

interview data) of a previously published study
(Pearce et al., 1985). However, this problem only
applies in the context of significance testing, and
does not affect the confidence limits for the odds
ratio. Furthermore, it only affects the P value for
farming, and not those for other variables.
Furthermore, it is of interest that the analysis
presented here also confirms the previous New
Zealand finding based on Cancer Registry data
(Pearce et al., 1985). This involved the use of
relatively crude information since it was based on
the occupation reported at the time of cancer
registration and no information on prior
employment was available.
The problem of multiple comparisons is also of

concern, as there are approximately 40 comparisons
presented. Four of these were 'statistically
significant', whereas it could be expected that two
would be by chance alone. Hence, the findings
should be regarded with caution, although they are
not completely exploratory, since it was prior
knowledge from previously published studies which
lead to their consideration in this study.

A further methodological issue relates to the use
of other cancers as controls. For example, if
smoking was less common in farmers than
elsewhere then they would be under-represented
among other cancer registrants, and the odds ratio
would be biased upwards. However, the previously
published study (Pearce et al., 1985), found that the
proportion of farmers in the controls with cancers
of the respiratory tract was actually slightly higher
than in the rest of the control group. Furthermore,
there are considerable advantages to using other
cancers as controls since this minimises information
bias, while any bias due to other cancers being
associated with farming is likely to be small, since
the overall cancer mortality in New Zealand
farmers is identical to that for the general
population (Pearce & Howard, 1985).

Preliminary surveys have suggested that multiple
myeloma may occur excessively in petroleum
refinery and petrochemical workers (Blot, 1977;
Decoufle & Stanislawczyk, 1977; Thomas et al.,
1980), wood workers (Milham, 1976), leather
workers (Decoufle et al., 1977), food workers
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(Adelstein, 1972), printers (Greene et al., 1979), and
workers exposed to radiation (Gilbert & Marks,
1979), arsenic (Axelson et al., 1978), and cutting
oils (Decoufle et al., 1977). There have been few
studies of agricultural chemical exposures, however.
The data presented here do not suggest that such
exposures are an important contributor to the
excess of multiple myeloma among farmers. In
particular, no excess risk was found to be
associated with exposure to phenoxy herbicides or
chlorophenols.
The finding of an association with fencing work

should be regarded with caution due to the multiple
comparisons involved, although it is of particular
interest since it parallels the finding for the non-
Hodgkin's lymphoma subgroup (Pearce et al.,
1986). In the present study, however, the odds ratio
was not as large, and the association with fencing
work did not fully explain the excess risk for
farming. Fencing work in New Zealand involves
potential exposure to arsenic (Pearce et al., 1986),
which has been associated with increased mortality
from lymphatic and haemopoietic malignancy
(Axelson et al., 1978; Baetjer et al., 1975;
Fergusson, 1976; Ott et al., 1974). However, a
variety of other potential carcinogens may be
involved including chromium which, however, has
been primarily associated with lung cancer in
studies to date (Sunderman, 1984).
Apart from a possible association with fencing

work, the findings of this study generally suggest
that the excess of multiple myeloma in farmers is
likely to be attributable to factors other than
exposure to agricultural chemicals. However, since
farming typically involves exposure to a number of
other chemicals including organic solvents, oils and
fuels (Blair & White, 1982), the possibility remains
that multiple myeloma may be associated with
other agricultural chemicals not examined in this
study.

Significantly elevated odds ratios were found for
persons reporting work on sheep farms or work
with beef cattle. Once again, these findings should
be regarded with caution due to the multiple
comparisons involved. However, they do raise the
possibility of an association with exposure to
oncogenic zoonotic viruses. There is currently little
evidence for a viral aetiology in human multiple
myeloma (Blattner, 1982) but C-type RNA viruses
have been shown to be the aetiologic agents of
tumours of the lymphatic and haemopoietic system
in all the higher non-human mammalian species
studied to date (Armenian & Hamaden, 1983;
Kaplan, 1978). In particular, bovine lympho-
sarcoma is prevalent in dairy herds and a C-type
virus has been established as the principal agent of
the adult form (Kettman et al., 1976; Ressang et

al., 1974). This can induce antibody production in
other species (Olson et al., 1972), and similar
viruses can induce tumours of the lymphatic and
haemopoietic system in laboratory animals
(Kaplan, 1974).

There are a number of inconsistencies in the
present findings which should be considered.
Firstly, the odds ratio was elevated for sheep
farming but not for the specific question regarding
work with sheep. This raises the possibility that the
excess risk for sheep farmers may be due to
unknown confounding factors, or it may be due to
chance. Secondly, the odds ratio was elevated for
exposure to beef cattle, but not for exposure to
cows, or for work in dairy farming or mixed/dry
stock farming. These findings also raise the
possibility that the excess risk for beef cattle
exposure may be due to confounding, or it may be
due to chance. Thirdly, the lack of a significantly
elevated risk for meat workers who come into
intimate contact with both sheep and beef cattle,
also casts doubt on the zoonotic virus hypothesis.

Therefore, although the elevated odds ratios for
sheep farming and exposure to beef cattle raise the
possibility of an association with exposure to
oncogenic viruses, the overall findings are
inconsistent. In fact, the highest odds ratios were
for cropping farms and orchards suggesting that
factors associated with the farming of plants, rather
than animals, may be important. However, these
findings were not statistically significant and the
number of cases involved is small.
The aetiology of multiple myeloma is still largely

unknown and there are few relatively well
established risk factors apart from age and ethnicity
(Blattner, 1982). Differences in the antigenic load,
or levels of reactivity to a given load, may be
important and may contribute to ethnic differences
in the incidence of the disease (Blattner, 1982).
Hence, chronic antigenic stimulation may play a
role, perhaps by increasing the size of the clone at
risk of multiple myeloma. A role of chronic
antigenic stimulation is suggested by one study
which found elevated risks associated with farming
occupations and with reported histories of allergies
(Gallagher et al., 1983). However, the study found
that the latter risk factor did not explain the excess
risk for farmers.

It has also been suggested that multiple myeloma
may develop following repeated courses of allergen
vaccines for diseases such as hay fever (Woodroffe,
1972). The present study found a significant
association with a reported history of hay fever.
However, the relative risk for farming did not
change when adjusted for the effect of this factor,
and none of the cases reported receiving allergen
vaccines. Recall of hay fever episodes is, however,
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likely to be poor, particularly among relatives of
deceased patients, and it is therefore possible that
the contribution of hay fever may be under-
estimated.

Finally, several studies have also reported
elevated risks in persons suffering from rheumatoid
arthritis (Isomaki et al., 1978; Katusic et al., 1985;
Prior et al., 1984). A similar pattern was observed
in this study but this finding was not statistically
significant.

In summary, this study -has confirmed the
previous finding of an increased risk of multiple
myeloma in farmers, but the factors which
contribute to this increased risk are still to be
determined. The data presented here do not suggest
that exposure to agricultural chemicals is an
important risk factor, although the finding of an
association with fencing work warrants further
investigation. This study also provides some
support for the suggestion that farmers may be at
increased risk of multiple myeloma due to exposure

to oncogenic zoonotic viruses carried by sheep or
beef cattle, but further studies are needed to
confirm or refute this hypothesis. Finally, the excess
risk associated with a reported history of hay fever
suggests the possibility of a role for factors
promoting chronic antigenic stimulation, but
further studies are needed of the prevalence of such
factors in agricultural environments to assess their
possible association with multiple myeloma.

This work was completed while N.E.P. was funded by an
Overseas Research Fellowship of the Medical Research
Council of New Zealand, and was supported by grants
from the War Pensions Medical Research Trust Board,
the Medical Research Council, and the Northern
California Occupational Health Centre. We thank Mr
Findlay and the staff of the New Zealand Cancer
Registry, the collaborating hospitals throughout the
country, the consultants and general practitioners
involved, and in particular the patients and their families
who participated.
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