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ABSTRACT

EPIDEMIOLOGICAL STUDIES ON MULTIPLE MYELOMA.
Mikael Eriksson, M.D., Department of Oncology, University Hospital, S-901 85 Umeå, 
Sweden.

Multiple myeloma is a painful and uncurable malignant disease with an increasing 
incidence and mortality in several countries, e.g., Sweden. Some factors are suspected to 
be of aetiological significance, such as ionising radiation and chronic antigenic 
stimulation in certain inflammatory diseases. A familial factor has also been indicated. 
Furthermore, some studies have demonstrated farming as an occupation entailing an 
increased risk for the disease.

The aim of this investigation was to further elucidate the impact of different aetiological 
factors in relation to multiple myeloma. The knowledge of aetiology is always a 
prerequisite for prevention.

A case-control study on multiple myeloma was performed in a high-inddence area, the 
northern part of Sweden. One part of this study dealt with occupations and different 
exposures. The results supported farming as being an occupation with an increased risk. 
Within farming two kinds of pesticides, phenoxyacetic adds and DDT, and contact with 
certain domestic animals, i.e., cattle, horses and goats, were assodated with multiple 
myeloma.

Farming as a risk factor was also confirmed by a register-based linkage study using the 
Swedish Cancer Environment Register. In this study a time trend was indicated, with 
increasing standardized inddence ratios over the different time periods studied.

Another part of the case-control study showed that rheumatoid arthritis entailed an 
increased risk for multiple myeloma, a finding earlier suggested from register-based 
linkage studies, but not from any çase-control study.

A third part of the case-control study indicated an increased risk for multiple myeloma if 
any first-degree relative had a history of haematological malignancy, or other malignant 
tumour, espedally prostatic cancer, brain tumour, and renal cancer.

A case study encompassing 942 patients with haematological malignandes in the county 
of Jämtland, Sweden, during a 22-year period showed that about 5% of the patients had 
at least one relative who also suffered from such a disease. An espedally strong familial 
occurrence was found in the group of chronic lymphoprohferative diseases, including 
multiple myeloma.

Key words: multiple myeloma, epidemiology, farming, domestic animals, phenoxyacetic 
adds, DDT, rheumatoid arthritis, familial factors
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We dance around in a ring and suppose, 
But the Secret sits in the middle and knows.

Robert Frost





ABSTRACT

EPIDEMIOLOGICAL STUDIES ON MULTIPLE MYELOMA.
Mikael Eriksson, M.D., Department of Oncology, University Hospital, S-901 85 Umeå, 
Sweden.

Multiple myeloma is a painful and uncurable malignant disease with an increasing 
incidence and mortality in several countries, e.g., Sweden. Some factors are suspected to 
be of aetiological significance, such as ionising radiation and chronic antigenic 
stimulation in certain inflammatory diseases. A familial factor has also been indicated. 
Furthermore, some studies have demonstrated farming as an occupation entailing an 
increased risk for the disease.

The aim of this investigation was to further elucidate the impact of different aetiological 
factors in relation to multiple myeloma. The knowledge of aetiology is always a 
prerequisite for prevention.

A case-control study on multiple myeloma was performed in a high-inddence area, the 
northern part of Sweden. One part of this study dealt with occupations and different 
exposures. The results supported farming as being an occupation with an increased risk. 
Within farming two kinds of pestiddes, phenoxyacetic adds and DDT, and contact with 
certain domestic animals, i.e., cattle, horses and goats, were assodated with multiple 
myeloma.

Farming as a risk factor was also confirmed by a register-based linkage study using the 
Swedish Cancer Environment Register. In this study a time trend was indicated, with 
increasing standardized inddence ratios over the different time periods studied.

Another part of the case-control study showed that rheumatoid arthritis entailed an 
increased risk for multiple myeloma, a finding earlier suggested from register-based 
linkage studies, but not from any case-control study.

A third part of the case-control study indicated an increased risk for multiple myeloma if 
any first-degree relative had a histoiy of haematological malignancy, or other malignant 
tumour, espedally prostatic cancer, Drain tumour, and renal cancer.

A case study encompassing 942 patients with haematological malignandes in the county 
of Jämtland, Sweden, during a 22-year period showed that about 5% of the patients had 
at least one relative who also suffered from such a disease. An espedally strong familial 
occurrence was found in the group of chronic lymphoproliferative diseases, including 
multiple myeloma.
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adds, DDT, rheumatoid arthritis, familial factors
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INTRODUCTION

THE DISEASE UNDER STUDY

Multiple myeloma is a malignant lymphoproliferative disease derived from the terminal 
stage of normal B-cell differentiation, the plasma cell. In typical cases it is characterized 
by a high percentage of plasma cells in bone marrow, presence of an M-component, i.e., 
a monoclonal immunoglobulin in serum and/or urine, and osteolytic bone lesions.

History
The disease was first described in a 45-year-old grocer in London who died on the 8th of 
January 1846, and whose death was certified as "atrophy from albuminuria" 
(Waldenström 1985). The specific reaction of the urine, now referred to as Bence Jones’ 
protein, was demonstrated in that patient, and the post mortem examination revealed a 
condition in the bones described as "mollifies ossium". In 1889 a German physician, Otto 
Kahler, described a patient and characterized the disease further. Since then, multiple 
myeloma sometimes has been referred to as Kahler’s disease.

Occurrence
The disease is quite rare under the age of 40, and most common between the ages of 60 
and 70. It is slightly more frequent in males than in females.

The incidence rate of multiple myeloma is high in North America, especially in blacks in 
the USA. In Europe a high incidence is observed in Sweden and Norway, where the rate 
is comparable with that noted for whites in the USA, whereas certain other European 
countries, e.g., Germany and the Mediterranean countries, have a substantially lower 
incidence. Since there are known difficulties of registering the disease, under-reporting 
to the cancer registries may have affected the total estimates (Möller Jensen et al 1990). 
In the USA the incidence of multiple myeloma seems to be significantly higher in areas 
with a large Scandinavian population, thereby indicating an ethnic determinant of the 
disease (Blattner et al 1981).

The incidence and mortality in both the USA and some other countries appear to be 
increasing over time (Davis and Schwartz 1988; Davis et al 1990). Among malignant 
diseases the increase in mortality in multiple myeloma in the USA between 1973 and 
1987 was only exceeded by lung cancer and malignant melanoma (Cancer Statistics 
Review 1973-1987).
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In Sweden the age-adjusted incidence has also been increasing continuously over the last 
few decades. The annual increase from 1976-1985 was 2.3% in males and 1.1% in 
females (Cancer Incidence in Sweden 1988). Multiple myeloma is the second most 
common malignant blood disease next to non-Hodgkin lymphoma in Sweden, and it 
encompasses about 1.5% of all cases of malignant neoplastic disease. The incidence has 
been relatively high in the four northernmost counties, at least during the eighties (e.g., 
Cancer Incidence in Sweden 1988).

Omi-gal.prgsffltatipii, treatment and prognosis
Since electrophoresis is performed in many cases with accidentally found increased 
sedimentation rate, the disease is sometimes diagnosed in a presymptomatic stage. Most 
patients present with bone pain usually affecting the spine or ribs, but sometimes also 
the extremities. Pathological fractures with increased and persistent pain are not 
uncommon. Sometimes serious neurological complications may occur, e.g., when spine 
fractures or myelomatous tissue exert pressure on the spinal cord or nerve roots. Renal 
insufficiency is fairly common, sometimes leading to uraemia. Other prominent 
symptoms include anaemia with weakness, hypercalcaemia, weight loss, fever, 
dehydration, and sensitivity to bacterial infections.

The standard treatment in symptomatic multiple myeloma consists of an alkylating 
agent, e.g., melphalan, in combination with prednisone. About 50% of the patients do 
not respond to this therapy, but may often benefit from other chemotherapeutic agents. 
Some reports also suggest a positive effect of interferon, probably by prolonging the 
response induced by chemotherapy (Mandelli et al 1990). Bone pain not relieved by 
chemotherapy is often effectively palliated by radiotherapy. Recent findings also 
indicate that bisphosphonates significantly decrease morbidity from bone affections in 
multiple myeloma (Delmas et al 1982; Merlini et al 1990).

The median survival time for treated patients is about 2-3 years, and only a few patients 
live more than five years after the diagnosis of symptomatic disease. There is no 
evidence today that any patients with multiple myeloma are cured, even if there are 
reports with promising results from bone marrow transplantation (Gahrton et al 1991).

DETERMINANTS OF MULTIPLE MYELOMA

The aetiology of this disease has been poorly understood, even if some suspected risk 
factors were indicated several years ago. Since the incidence and mortality are



13

increasing there is a need for a better knowledge of the aetiology in an attempt toward 
prevention. A number of epidemiological studies have been performed, the majority 
during the last decade. Although the results from different studies are somewhat 
conflicting, some findings have been more consistent, and some theories on specific risk 
factors for multiple myeloma have been proposed. The main findings will be discussed 
below.

Familial factors
Some instances of familial multiple myeloma were mentioned already in the 1920s 
(Meyerding 1925; Geschickter and Copeland 1928), but the first detailed case history, 
dealing with two sisters with multiple myeloma, was reported in 1954 (Mandema and 
Wildervanck). A review of subsequent reports included 37 families with at least two 
members affected by multiple myeloma, and of these, 27 involved siblings (Shoenfeld et 
al 1982). Since that review some additional case reports of familial multiple myeloma 
have been published (Isobe et al 1981; Hubert et al 1985; Grosbois et al 1986). Two 
papers included monozygotic twins with multiple myeloma (Judson et al 1985; McCrea 
and Morris 1986), and one report a review of families with three affected siblings 
(Horwitz et al 1985). Two earlier publications described cases of multiple myeloma and 
another type of lymphoproliferative disease in the same family (Wirtschafter and 
Rapaport 1960; Kyle et al 1976).

One analytical study looked upon the familial occurrence of haematological 
malignancies and cancer in patients with multiple myeloma. In that study from the USA, 
based on cases and controls from hospitals, a family history of cancer of any type, as well 
as of haematological malignancies, resulted in statistically significant relative risks! for 
multiple myeloma of 1.4 and 2.4, respectively (Bouiguet et al 1985).

A recent study from the USA found an increased risk of multiple myeloma in persons 
whose first-degree relatives suffered from degenerative or demyelinating central nervous 
system disorders, e.g., Parkinson’s disease and multiple sclerosis (Gruffennan et al 
1989). A similar association with rheumatoid arthritis was seen in another US case- 
control study (Linet et al 1988).

1 The term "relative risk" is used by the authors of the referred study. When references 
are made to another study, the terms used in that paper are also used in this text.
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Socio-economic factors
Some studies have shown a positive association between higher socio-economic status 
defined by occupation, income or education, and multiple myeloma (e.g., MacMahon 
1966; Hoover et al 1975). In a case-control study from the USA, however, among several 
socio-economic indicators only home ownership showed any association with multiple 
myeloma (Johnston et al 1985). The authors suspected that underascertainment of 
disease in less advantaged groups might explain earlier positive findings.

stimulation
A chronic stimulation of the immune system with its associated lymphocyte activation, in 
some studies, has been postulated as a possible explanation for the association seen 
between rheumatoid arthritis and later development of multiple myeloma (Symmons
1988). This theory is supported by the fact that certain other diseases with a similar 
immune stimulation are risk factors for malignant lymphoma, i.e., Sjogren’s syndrome 
(Rothman et al 1951; Tatal and Bunim 1964; Kassan et al 1978) and Hashimoto’s 
thyroiditis (Lindsay and Dailey 1955; Holm et al 1985; Kato et al 1985; Fukuda et al 
1987).

The association between rheumatoid arthritis or other connective tissue diseases and 
lymphoproliferative malignancies was first postulated in 1964 (Lea). However, several 
subsequent investigations have not confirmed that association (Oleinick 1967; Miller 
1967; Owen et al 1967; Lewis et al 1976). Two different cohorts of patients with 
rheumatoid arthritis have shown increased mortality (Monson and Hall 1976) and 
morbidity (Prior et al 1984) in lymphoproliferative diseases including multiple myeloma. 
A third similar cohort study revealed a significantly increased incidence of only multiple 
myeloma (Katusic et al 1985), whereas another did not find any association with 
malignant diseases (Fries et al 1985).

A large study from Finland linked a nationwide computerized data register of patients 
with rheumatoid arthritis with the Finnish Cancer Registry (Isomäki et al 1978; 
Hakulinen et al 1985). The results showed statistically significantly increased incidences 
of different malignant lymphoproliferative diseases, i.e., multiple myeloma, malignant 
lymphoma and leukaemia, in the patients with rheumatoid arthritis.

Case-control studies on multiple myeloma have not been able to confirm any association 
with rheumatoid arthritis (Gallagher et al 1983; linet et al 1987; Koepsell 1987; Cohen
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et al 1987; Bofetta et al 1989). On the other hand some of them revealed other probable 
autoimmune disorders as possible risk factors for multiple myeloma.

Ionising radiation
Exposure to high doses of ionising radiation is now generally accepted to be a factor 
increasing the risk for multiple myeloma. Atomic bomb survivors in Japan have been 
shown to have a statistically significantly increased risk for multiple myeloma with rather 
long latency periods (Schull 1984; Finch 1984). In recent reports even a dose-response 
relationship has been noted for this disease (Preston et al 1987).

Workers at the Hanford atomic plant in Washington state have been followed regarding 
different causes of death. A statistically significant dose-response trend for levels of 
radiation exposure has been obtained for multiple myeloma, although it was based on 
only a few exposed cases (Gilbert and Marks 1979,1980; Tolley et al 1983; Gilbert et al
1989).

A survey of all cohorts of persons exposed to radiation, and for which data on cancer- 
related mortality were available, showed an excess of multiple myeloma in most cohorts 
(Cuzick 1981). This was especially strong among persons receiving internal doses of a- 
particles, such as radium-dial painters, and patients who were given thorium oxide 
(Thorotrast) as a contrast medium for angiography. An excess mortality in multiple 
myeloma was also found in patients receiving only therapeutic or diagnostic gamma-rays 
or X-rays. In contrast, a Swedish study could not find any relation to gamma radiation 
from building material (Flodin et al 1987).

Farming
An association between farming and multiple myeloma was first observed in a case- 
control study from Washington state (Milham 1971). Several further studies with 
different methodologies and from different countries have confirmed this finding (Agu 
et al 1980; Burmeister 1981; Burmeister et al 1983; Gallagher et al 1983; Cantor and 
Blair 1984; Pearce et al 1986; Nandakumar et al 1986; Cuzick and de Stavola 1988; La 
Vecchia et al 1989; Boffetta et al 1989). Agricultural extension agents in USA, whose 
work includes technical assistance to farmers, were also recently found to have an 
increased mortality in lymphatic and haematopoietic malignancies, e.g., multiple 
myeloma (Alavanja et al 1988). In a case-control study from the middle of Sweden a 
statistically significant increased crude rate ratio of 1.9 for farming was obtained, but in 
further analysis with multiple regression the rate ratio decreased to 1.4, which was not
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significant (Flodin et al 1987). In two studies using data from the Swedish Cancer- 
Environment Registry, which links cancer incidence in 1961-1979 with occupational data 
from the 1960 census, an increased risk of multiple myeloma among farmers was shown 
(Steineck and Wiklund 1986; McLaughlin et al 1988), but in an earlier similar study 
from the U.K. this relationship did not appear (Adelstein 1972). There are also some 
other recent epidemiological studies not confirming the association between farming 
and multiple myeloma (Unet et al 1987; Brownson and Reif 1988).

Some studies have further investigated the possible connection between farming and 
multiple myeloma and have tried to identify risk factors within this occupation. Thus one 
correlation study from the USA indicated associations between the incidence of multiple 
myeloma and counties with a high rate of egg-laying chicken production, herbicide or 
insecticide use (Burmeister et al 1983). Another study showed a similar correlation 
between multiple myeloma and high exposure to herbicides, insecticides, fertilizers and 
com production (Saftlas et al 1987). In a multicenter case-control study from the USA 
where different toxic substances were evaluated as risk factors for multiple myeloma, 
past exposure to pesticides gave a statistically significant risk ratio of 2.6, but no firm 
conclusions could be drawn concerning the particular class or classes of pesticides 
responsible for the increased risk (Morris et al 1986). Furthermore, in another recent 
case-control study from the USA, farmers had an increased risk for multiple myeloma of 
2.7, but the risk increased to 4.3 when this occupation was combined with pesticide 
exposure (Boffetta et al 1989). On the other hand a study from New Zealand did not 
find any significant differences between cases and controls regarding potential exposure 
to phenoxy herbicides, chlorophenols or any other agricultural chemicals, whereas 
significantly elevated risk ratios were found for sheep forming and exposure to beef 
cattle (Pearce et al 1986).

In this context it is noteworthy that some studies have shown a statistically significant 
increased risk for non-Hodgkin lymphoma, a malignant blood disease related to 
multiple myeloma, after exposure to phenoxy herbicides (Hardell et al 1981; Hoar et al 
1986; Hoar Zahm et al 1990).

Other environmental factors
Several case-control and correlation studies during the last decades have generated 
hypotheses regarding other occupational and environmental factors of possible 
importance in the aetiology of multiple myeloma. The results have been rather 
contradictoiy, however. The main findings are discussed below.
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Asbestos exposure has been connected with multiple myeloma in two recent case- 
control studies (Linet et al 1987; Cuzick and de Stavola 1988), as well as in two older 
reports (Gerber 1970; Kagan et al 1979). In contrast, a large multicenter population- 
based case-control study from the USA did not find any correlation between jobs with 
probable asbestos exposure and multiple myeloma (Schwartz et al 1988), nor did 
another recent American study (Boffetta et al 1989).

Benzene is an established risk factor for acute leukaemia. Exposure to benzene or other 
organic solvents has also been found to be associated with multiple myeloma and other 
haematological malignancies (Lundberg 1986; Morris et al 1986; Rinsky et al 1987; La 
Vecchia et al 1989). Rubber workers have a frequent contact with organic solvents and 
also seem to have an increased risk to develop multiple myeloma (Monson and Nakano 
1976).

Occupational exposure to petroleum products gave an increased risk for multiple 
myeloma in a case-control study (Linet et al 1987) and in a cohort study (Thomas et al 
1980), both from the USA. Two correlation studies in the USA gave contradictory 
results: one in favour of an association between mortality in multiple myeloma and areas 
with high petroleum and paper production (Blattner et al 1981), and the other against a 
connection between mortality in this disease and USA counties with heavily 
concentrated petroleum industry (Blot et al 1977). Furthermore, a Swedish study has 
associated exposure to engine exhausts with multiple myeloma (Flodin et al 1987).

Other chemical exposures with an observed increase in the incidence or mortality of 
multiple myeloma in single studies encompass arsenic (Ott et al 1974; Axelson et al 
1978), lead (Greene et al 1979), carbon monoxide (Morris et al 1986), and creosote 
(Flodin et al 1987). Significant excesses were also found among people exposed to 
chemicals and to gases and fumes for 10 years or more in a recent English case-control 
study (Cuzick and de Stavola 1988). Some specific occupations with potential exposure 
for different chemicals have also been identified as entailing an increased myeloma risk, 
e.g., hairdressers and cosmetologists (Agu et al 1980; Guidotti et al 1982; Spinelli et al 
1984), machinists (Gallagher and Threlfall 1983) and leather workers (Dörken and 
Vollmer 1968; Walrath et al 1987).

Some studies have connected multiple myeloma with the furniture industry (Brinton et 
al 1976; Blattner et al 1981; Tollerud et al 1985) or carpentry (Agu et al 1980).
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Furthermore, a Swedish case-control study found wood workers in contact with fresh 
wood to be at risk for multiple myeloma (Flodin et al 1987).

The possible carcinogenic effect of electromagnetic fields has been much debated as a 
result of some epidemiological studies in recent years, mainly regarding residential 
exposure from power lines or other electric transmission facilities and the incidence of 
childhood cancer and leukaemia. Some reports also suggest different electrical 
occupations as factors increasing the risk of cancer. A recent cohort study from western 
USA, which investigated mortality in amateur radio operators who were exposed to 
electromagnetic fields, showed a statistically significant increased mortality in 
malignancies of lymphatic tissues, including multiple myeloma and non-Hodgkin 
lymphoma (Milham 1988).

A recent cohort study from the USA showed an association between cigarette smoking 
and both leukaemia and multiple myeloma (Mills et al 1990).

AIMS OF THE PRESENT INVESTIGATION

The aim of this work was to further elucidate aetiological factors in multiple myeloma, 
thereby hopefully contributing to the search for measures to prevent this painful and 
uncurable malignant disease. To achieve this purpose different techniques were used to 
study the following factors in patients with multiple myeloma:

- familial occurrence of haematological malignancies, cancer and certain other 
diseases

- certain possible predisposing diseases, e.g., rheumatoid arthritis and other disorders 
representing chronic antigenic stimulation

- relation with farming and different exposures within that occupation

- other occupations and a great variety of exposures in work and during leisure time, 
e.g., organic solvents, asbestos, smoking habits and electromagnetic fields

- certain treatments, i.e., drug use, radiotherapy and also X-ray investigations
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MATERIALS AND METHODS

This investigation was based on a case-control study (papers I, ID and TV), a register- 
based linkage study (paper II) and a case study using medical records (paper V). The 
different methods and the materials used in the separate studies will be discussed below.

CASE-CONTROL STUDY

The case-control study was composed of three different parts in which assessment of 
exposure was performed in somewhat different ways. Furthermore, the analyses were 
done separately in these parts. The differences in methodology are pointed out below.

Cases
The study base was defined as all persons living in the four northernmost counties of 
Sweden, i.e., Norrbotten, Västerbotten, Västernorrland and Jämtland, at some time 
between 1 July 1982 and 30 June 1986. The persons defined as eligible cases in the 
study were all members of the study base who were diagnosed as having multiple 
myeloma and who were reported to the Swedish Cancer Register during the study 
period. In Sweden all physicians are obliged to report all new cases of malignant 
tumours to the Cancer Register, and the missing rate has been shown to be quite low 
(Mattsson 1984).

In this way 293 patients with a diagnosis of multiple myeloma were identified. The 
medical records of all these patients were scrutinized to confirm the diagnosis. All cases 
who did not fulfil widely accepted diagnostic criteria (Figure 1) proposed for use in 
therapeutic trials (Committee of the Chronic Leukemia-Myeloma Task Force, NCI) 
were excluded. A total of 18 patients did not meet these criteria. The remaining 275 
persons constituted the cases; 156 (57%) were alive and 119 (43%) were deceased. No 
restrictions regarding sex or age were used. Out of the 275 cases, 141 were men and 134 
were women.

COQKQlS
For every living case one control person from the study base was extracted through the 
Swedish National Population Registry. This was done by a matching procedure taking 
into consideration age, sex, and county. In Sweden everybody has a unique personal 
identity number composed of date of birth and four additional figures. Two persons with 
the same sex, living in the same county and being closest in age, i.e., in personal identity
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I. In the absence of a serum or urinary myeloma protein 
the following criteria have to be fulfilled:
1. radiologic evidence of osteolytic lesions and one of the following:
2. a) bone marrow plasmocytosis of more than 20% in the absence of

another disease capable of causing a reactive plasmocytosis 
b) tissue biopsy demonstrating replacement ana distortion of 

normal tissue by plasma cells

H.With a serum or urinary myeloma protein one of the following 
criteria have to be fulfilled:

a) bone marrow plasmocytosis of more than 5%
b) tissue biopsy demonstrating replacement and distortion 

of normal tissue by plasma cells
c) more than 500 plasma cells/mm^ in the blood
d) osteolytic lesions unexplained by other causes

Figure l. Diagnostic criteria for multiple myeloma according to the Committee of the 
Chronic Leukemia-Myeloma Task Force, NCI.

number, to each living case, were selected. From these two, one was randomly chosen as 
the control person.

For each deceased case, one deceased control was selected in an equivalent way from 
the National Registry for Causes of Death. The same matching criteria were used, and 
in addition, the deceased controls were matched as to year of death. Persons who 
committed suicide were not used as controls because their relatives were not suitable to 
contact for moral reasons.

The case-control study thus involved 275 cases and 275 controls, a total of 550 persons. 

Assfe§smgat.pIgg>osm
All living subjects in the study, cases and controls, received an extensive questionnaire 
by mail. To obtain information concerning the deceased subjects the questionnaire was 
sent to the next-of-kin defined in this order: husband or wife, child, parent, sibling, or 
other. The specific nature of the investigation was not disclosed, and there was no 
reference to the special disease under study, i.e., multiple myeloma. Instead, the general 
information given was that different factors of potential importance for health were 
studied.

The questionnaire contained three sections corresponding to the three different parts of 
the study mentioned above, and to the results presented in papers I, HI, and IV, 
respectively. The information given in these sections was handled in different ways to 
complete and verify the exposure data.
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Part 1 (described in paper I) consisted of several questions regarding the person’s 
various jobs over the years, time and place for employment, and work-associated 
exposure to chemicals and other potential carcinogens. Inquiries about smoking habits, 
residential building materials and electrical high-voltage power lines near home were 
also included, as well as questions on leisure time contact with animals, electrical 
equipment, and chemicals.

When the questionnaires were returned from the subjects or their next-of-kin, this part 
was detached from the rest of the questionnaire and handed over to a specially trained 
interviewer who did not know whether the persons were cases or controls. The 
interviewer scrutinized all answers and supplemented them by telephone according to 
written instructions if any data were unclear or incomplete. Some persons, who were 
unable or unwilling to answer the questionnaire, accepted a complete telephone 
interview.

In certain questions, regarding work and exposure to substances connected with multiple 
myeloma in earlier studies, an especially careful inquiry was performed. Thus, all 
persons who had been working in agriculture were questioned if any answers about 
livestock or use of pesticides were lacking. Furthermore, regardless of the answers in 
that respect, all persons who had been working within farming, forestry, or horticulture 
during the period when pesticides had been commonly used in Sweden, i.e., since 1945, 
were phoned to ensure a good and uniform assessment of exposure to such chemicals. 
Since different biocides have been used to protect against blue stain and as impregnates 
in saw mills, subjects who had been employed in this branch were also thoroughly 
questioned to verify and specify any exposure to pesticides.

When the questionnaires were completed by the interviewer, the front page, including 
name, personal identification number, and address, was removed, enabling a blinded 
coding of the answers. Some special criteria were used when exposure to pesticides, 
organic solvents, building material of dwellings, and vicinity to electrical power lines 
were assessed. These criteria, which are described in paper I, were all decided before 
the coding of exposure.

Part 2 (reported in paper HI) contained questions regarding present and earlier 
diseases, medications, X-ray investigations and radiotherapy.
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The diseases specifically asked for included "rheumatic disease", inflammatory bowel 
disease and diabetes, all with potential autoimmune pathogenesis. A question on 
"metabolic disorder" probably captured most individuals with hyper- or hypothyroidism. 
Hypertension, tuberculosis, hyperlipidaemia, thrombosis, allergy and nervous complaints 
were also inquired about. A question on "other disease" requested a specification.

All medications were asked for, and drugs were grouped together according to the 
Anatomical Therapeutic Chemical Classification system recommended by WHO (ATC- 
codes). Furthermore, the approximate number, time and site of X-ray investigations, 
and any radiotherapy given for tumours, joint disorders and cutaneous diseases was 
questioned.

This part of the questionnaire was not completed by the interviewer because access to 
this part could possibly have biased the interviewer by informing about diseases and 
thereby also disclosing subjects with multiple myeloma.

All "exposures", i.e., experienced diseases, medications and radiation, from the year of 
diagnosis of multiple myeloma or later, were disregarded. For the controls the year of 
myeloma diagnosis for the respective case was used. If the time of any exposure was 
unsure or omitted, however, that exposure was included except for treatment with 
analgetics (ATC-codes N02A, N02B) or X-ray of the skeleton. These factors were 
excluded because they could be expected to be connected with multiple myeloma. 
Furthermore, all exposure to these two factors within three years before the diagnosis of 
the cases was also disregarded, in both cases and controls, since an association between 
X-ray of the skeleton or analgetic treatment with a not yet diagnosed multiple myeloma 
is rather probable.

Since a main purpose in this study was to investigate the suggested connection between 
rheumatoid arthritis or connected disorders and multiple myeloma, special emphasis 
was put on specification of diagnoses behind the expression "rheumatoid disease" used in 
the questionnaire. Thus, for all subjects who had answered "yes" on this question, 
available medical records from regional hospitals and/or general practitioners were 
requested to evaluate who had been diagnosed as suffering from a genuine rheumatoid 
arthritis. Specific antirheumatic medications were also assessed from the records.

The corresponding procedure was performed for all subjects for whom radiotherapy had 
been reported, as this potentially interesting exposure seemed to be frequent according
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to answers in the questionnaires. This question, therefore, was suspected to have been 
misinterpreted, e.g., confused with X-ray examinations.

Thus, medical records were requested regarding 65 subjects (33 cases, 32 controls). Of 
25 living subjects who had to give their permission two refused this request, one case and 
one control.

The coding of the data from questionnaires and medical records was not blinded 
regarding this part of the study, because the status of being a case was disclosed by 
information on diseases in several cases.

Part 3 (corresponding to paper IV) dealt with familial occurrence of different diseases, 
especially haematological malignancies and cancer. Thus, this part of the questionnaire 
inquired about the presence of "heart disease", "diabetes", "rheumatic disease", "tumour", 
"blood disease", "asthma" and "other serious disease" among the relatives of the subject. 
For any disease reported in a family member, the family relationship was asked for. A 
specification of the type of "other disease" was also requested.

As in part 2, no complimentary telephone interview was performed regarding these 
questions, because it was anticipated that several subjects would refer to their own 
illness when reporting on their relatives, which at least in theory could have biased the 
interviewer.

The main hypothesis to be tested in this part of the study was that multiple myeloma and 
other haematological malignancies and cancer were more frequent in the families of 
persons suffering from multiple myeloma. The phrase "haematological malignancies" is 
used here to designate all cases of malignant lymphoma, multiple myeloma, leukaemia, 
polycythemia vera, and myelofibrosis, i.e., codes 200-209 in the eighth version of the 
International Gassification of Diseases (ICD 8). "Lymphoproliferative diseases" 
contains multiple myeloma, malignant lymphoma, and chronic lymphatic leukaemia.

To test this hypothesis a further extensive investigation was performed in order to verify 
such information in the questionnaire. Thus, for all subjects who reported "blood 
disease" or "tumour" in a first-degree relative, i.e., sibling, parent, or child, this 
information was checked through the parochial authorities, where death certificates are 
available for persons who had died in that parish. In many instances several parishes 
were searched, because the traced persons had moved, sometimes several times. If a
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subject reported ,fblood disease" or "tumour" in a sibling, attempts were made to trace all 
siblings, and if no information on type was given in the questionnaire all first-degree 
relatives were traced.

Furthermore, if the traced persons were alive, the Swedish Cancer Register was checked 
to ascertain if there were any haematological malignancies or tumours registered, and if 
so, which type. A similar search was made through the Cancer Register if the persons 
had died after 1958, when this register started, and if the death certificate did not reveal 
any malignant disease.

If none of these methods could verify a malignant disease the subject had to be 
considered as "non-verified" regarding this disease.

Most of the information given in the questionnaires regarding first-degree relatives 
could be verified by the methods mentioned. In several instances, however, there were 
obvious misinterpretations, particularly regarding the general phrase "blood disease", 
whereby, e.g., thromboembolic or ischemic condition existed but no malignancy.

For the same reason as in part 2, the coding of the data was not blinded in this part of 
the study.

Statistical methods
Since part 1 of the case-control study dealt with environmental exposures, e.g., in 
occupations, and it was one of the main objects in the investigation to disclose the 
importance of different risk factors within farming, both univariate and multivariate 
analyses were performed in this part

For calculation of the risk ratio (RR)2, the maximum likelihood estimate (Rothman 
1986) was used, both in the univariate and the multivariate models. In all analyses the 
matched pairs were kept together. The procedures "match" and "logreg" in the statistical 
computer program "Epilog" (1990) were used for the univariate matched analysis and 
the multivariate logistic regression, respectively. The 90% confidence intervals (CIs) 
were obtained with the approximative procedure described by Miettinen (1970) in the 
"match" procedure, and with the Newton-Raphson interactive technique in the "logreg".

2 Risk ratio is used synonymous to odds ratio throughout this work.
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All occupations and specific exposures were analysed in univariate analyses. The criteria 
used to select the exposure variables to be included in the multivariate model are 
described in paper 1. In the logistic regression all factors with a risk estimate between 
0.9 and 1.1 were gradually excluded. Moreover, to check any potential confounding due 
to variables not primarily included in the model, the Pearson-correlation coefficient 
among the referents was used (cf Fredriksson et al 1988). Thus factors with an absolute 
value of the correlation coefficient >0.25, and with at least 10 subjects exposed, were 
considered as relevant, and they were included in the model after the initial exclusion 
steps.

In parts 2 and 3, the univariate analyses only indicated single factors as being associated 
with multiple myeloma. Therefore, it did not seem motivated to perform any 
multivariate analyses.

To simplify the analyses, RRs for all variables were calculated with dissolved matching. 
Since the study was matched, however, the factors with increased risks and 90% CIs not 
including 1.0 were also tested with sustained matching, based on principles stipulated by 
Miettinen (1970). In part 2 the tests with sustained matching increased the RRs, and 
therefore dissolving of the matching seemed to make the study somewhat conservative. 
In part 3, however, the tests with sustained matching led to a certain decrease in the 
RRs due to missing information from some controls matched to exposed cases. These 
RRs will be presented in the "Results" section.

The 90% CIs of the RRs were calculated with a test-based approximative method 
(Miettinen 1976).

REGISTER-BASED LINKAGE STUDY

This study, presented in paper H, used the Swedish Cancer Environment Register, the 
purpose and function of which are described below.

The study focused not only on multiple myeloma, but also on the malignant lymphomas, 
a group of diseases closely related to multiple myeloma. The aim of this study was to 
evaluate the risk for these malignant diseases in different occupations with potential 
exposure to phenoxyacetic acids or other related substances.
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As mentioned in the "Introduction" these chemicals have appeared to be associated with 
malignant lymphomas, both non-Hodgkin lymphoma (NHL) and Hodgkin’s disease 
(HD) in several epidemiological studies during the last decade (Hardell et al 1981; Hoar 
et al 1986; Hoar Zahm et al 1990). The present case-control study on multiple myeloma 
disclosed that phenoxyacetic acids may also be a risk factor for this disease (paper I).

Phenoxyacetic acids have been widely used as herbicides in agriculture and as weed 
killers in forestry. Some of them have been contaminated with dioxins (Choudhaiy
1983). Other related chlorinated compounds with dioxin impurities have also been 
questioned as possible carcinogens. Of these substances, the chlorophenols have been 
used as impregnating agents mainly in saw mills and building constructions. 
Hexachlorophene is a structurally related compound which has been extensively used as 
a bacteriostatic in commercial products and as a disinfectant within the health care 
system. Polychlorinated biphenyls (PCBs) have been used in a wide range of industrial 
products, e.g., as dielectric fluids in capacitors and transformers.

The same type of register study has earlier been used to evaluate the risk for cancer in 
farmers. The association between this occupation and multiple myeloma was thereby 
verified, whereas no risk for malignant lymphomas was shown (Wiklund 1983; Steineck 
and Wiklund 1986; McLaughlin et al 1988).

The Swedish Cancer Environment Register (CER)
This register was created by a linkage of the Swedish Cancer Register with individual 
census data, e.g., on occupation, of the total population in Sweden. Thus, CER 60 was 
formed by combining incidence data from the Cancer Register for the time period 1961- 
73 with the 1960 census data containing information on about 15 million persons. CER 
60 was later extended to include cancer incidence data up to 1979. In a corresponding 
way, CER 70 was recently established by record-linkage between Cancer Register data 
1971-84 with the 1970 census containing information on a total of about 8.1 million 
persons.

Qççppatf Qn$_jind.çr study
The revised version of the standard classification from the International Labour Office 
(1958) was used to classify the occupations in this investigation. The three-digit 
occupational codes (occ.) in this system are given below.
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The professions scrutinized in relation to the diseases under study included farmers 
(occ.=401) and related occupations within farming (occ.=023,402,411), forestry workers 
(occ.=024,403,441), horticultural workers (occ.=404,412), electrical and electronics 
workers (occ.=761-769), sawmill workers (occ.=774), carpenters (occ.=771), pulp-mill 
workers (occ.=834), papermill workers (occ.=836) and health care employees 
(occ.=031-049).

Different analyses
The standardized incidence ratio (SIR) was used to estimate cancer risks for various 
occupational categories. The SIR is the ratio of observed/expected number of cases of 
malignant tumours in a particular occupation. The expected number of cases was 
calculated by applying the five year birth cohorts and sex-specific rates of the general 
Swedish population to the corresponding cohorts and sex-spedfic distributions of the 
various occupational groupings. All SIR calculations were adjusted for region because of 
the geographical variations in the incidence of malignant tumours in Sweden.
Confidence intervals (Cl) were calculated under the assumption that the observed 
number of tumour cases followed a Poisson distribution (Bailar and Ederer, 1964).

In this study CER 70 was used to assess any association between the aforementioned 
occupations and multiple myeloma or malignant lymphoma. Assessment of time trends 
was made by using SIR data for six-year time periods in both CER 60 and CER 70 
(Breslow and Day, 1987).

Since the initial finding of an association between exposure to phenoxy herbicides and 
chlorophenols was described for both NHL and HD (Hardell et al, 1981), these 
malignancies were combined in the analyses regarding time trends.

CASE STUDY USING MEDICAL RECORDS

This study (described in paper V) was made in the county of Jämtland, which is a part of 
the study area in northern Sweden where the case-control study was performed. The 
area has had a relatively stable population of approximately 130,000 during the last 
several decades. There is only one general hospital covering the county, and almost all 
cases of haematological malignancies have probably been referred to that hospital.



28

Cases rad study_gbjg.çî
All identified cases of haematological malignancies (defined as in paper IV) in this 
county diagnosed between 1963 and 1984, a total of 942 persons, were charted and 
analysed from histopathological, geographical and prognostic points of view. As a part of 
this project, this study on familial occurrence of these diseases was performed.

Assessment of familial occurrence
All medical records of the patients were scrutinized, and all familial connections 
mentioned were noted. The majority of patients had been questioned regarding 
”hereditary conditions”, especially with respect to haematological malignancies.
Reported familial connections were often directly confirmed, with several patients from 
the same family occurring in our material. In the remaining cases, confirmation was 
sought in reports from hospitals and medical centres both within and outside the county, 
or through death certificates from parochial authorities. Only unequivocal statements in 
these documents were accepted as confirming the diagnosis, and thereby the familial 
occurrence. Thus, in some cases familial relations claimed by the patients were excluded 
since these criteria were not fulfilled.

In an attempt to actively trace additional cases, or possibly find connections between 
some families in previous generations, the 10 families first observed were mapped out 
genealogically. Using records from parish authorities and the provincial records office, 
several generations were investigated in terms of names, dates of birth and death 
certificates. Succeeding generations up to the time of the study were also charted, 
including siblings of the patients and their descendants. In this way an average of 32 and 
up to 60 persons were surveyed in these 10 families, but this effort only revealed one 
sibling with haematological malignancy not previously known, and showed no 
connection of families in earlier generations.

RESULTS

Occupations and different environmental exposures in relation to multiple myeloma 
(paperi).
A low refusal rate of 35% was noted in this part of the study. The results were based 
upon 256 matched pairs. In the univariate analysis farmers showed an increased RR for 
multiple myeloma of 1.7 (90% Q = 12-2.4) as shown in Table I. Increased RRs were 
also observed for lumberjacks and afforestation workers. Although based on rather few
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subjects, electricians seemed to be negatively associated with the disease with an RR of 
0.33 (90% Cl=0.11-0.81). Other occupations were rather equally distributed among 
cases and controls.

Table II presents the results of the univariate analysis on some exposure factors with 
90% CIs not including unity and with special interest because of earlier findings. Other 
exposure factors are tabulated in paper I. As expected from the increased risk for 
farmers, certain factors occurring in farming also showed positive associations with 
multiple myeloma. Thus, work with different domestic animals, i.e., cattle, horses, hogs, 
sheep and goats, but not poultry or any other animals, gave increased RRs with 90% Cl 
not including unity. Furthermore, exposure to any pesticides resulted in an increased 
RR, which was further augmented when only phenoxyacetic herbicides were considered. 
Among other pesticides, the insecticide dichlorodiphenyltrichloroethane (DDT) was the 
only one entailing an increased RR for multiple myeloma. Other results from the 
univariate analysis are presented in paper 1.

For some exposure factors such as chemicals and animals the information on duration of 
exposure was good enough to permit a dose-response analysis. Table HI presents the 
results of this calculation for exposure factors of this type with an increased or decreased 
RR, with 90% Cl not including unity, in the univariate analysis. The time categories of 
exposure were decided before analysis was done. A dose-response pattern appeared for 
DDT. For the different types of domestic animals, increased RRs, with 90% Cl not 
including unity, were found only at the highest dose. This indicated a dose-response 
pattern, but may also be explained by a long latency period required to induce multiple 
myeloma.

In the multivariate analysis several exposure factors were included according to the 
criteria described in paper 1. Table IV demonstrates the stepwise reduction with the 
resulting RRs. The 90% CIs of the RRs in the last step are also given.

Exposure to cattle, horses and goats seemed to remain important in the multivariate 
setting although the RRs were somewhat weakened, whereas exposure to hogs and 
sheep were eliminated as risk factors for multiple myeloma. Phenoxyacetic herbicides 
and DDT also remained as risk factors, but with slightly decreased RRs.
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Exposure to electromagnetic fields during work, which is the case for electricians, 
linemen, and some other workers, resulted in a decreased RR, with 90% Cl not 
including unity.

Both exposure to asbestos and occupational contact with organic solvents produced a 
decreased RR, but with 90% Cl including unity.

Beside the multivariate analysis, another approach was used to study the importance of 
different specific factors within fanning and related work. In this separate analysis only 
the matched pairs with both subjects affirming work in fanning or forestry, a total of 94 
pairs, were included. As demonstrated in Table V, this analysis confirmed the 
aforementioned domestic animals, i.e., cattle, horses and goats, as well as phenoxyacetic 
herbicides and DDT, as risk factors for multiple myeloma in this study.

Occupations with potential exposure to phenoxyacetic acids or dioxins in relation to 
multiple mveloma and malignant lvmphoma (paper II)
SIRs for multiple myeloma for the period 1971 - 84 among Swedish men and women in 
the 1970 census for different occupational groups are presented in Table VI. An 
increased risk of 13 was found for farmers, with 95 and 99% CIs not including 1.0. Both 
male and female farmers were at an increased risk when studied separately. Formally 
elevated SIRs were found for dentists (13), horticultural workers (13) and sawmill 
workers (13) based on rather few observations, with 95% Qs covering 1.0.

In Table VU time trends for SIR in farmers (occ.=401) are showed, using three six-year 
periods in CER 60 and two six-year periods in CER 70. SIR for multiple myeloma 
increased over the time periods (p for trend=02) and was highest for the period 1979- 
83 (SIR=1.4,95% a=1.1-1.7).

In paper II corresponding SIRs are also shown for Hodgkin’s disease (HD) and non- 
Hodgkin lymphoma (NHL). Regarding HD the only significant finding was that sawmill 
workers had an increased risk (SIR=2.1,95% Cl=1.0-4.0). An increased risk for NHL 
was found only for carpenters (SIR=12,95% CI=1.0-13). SIRs of 1.5 for physicians 
regarding both HD and NHL were noteworthy but not significantly increased.

In the time trend analyses on SIRs for fanners neither HD nor NHL produced risks with 
95% Q  different from unity for any time period when studied separately. When SIR was
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calculated for all malignant lymphoma combined, however, an increased risk was found 
for the latest time period 1979-84 (SIR=1.2, 95% CI=1.0-1.4).

Rheumatoid arthritis, other diseases and different treatments in relation to multiple 
myeloma (paper m)
The refusal rate in this study was 16.5%, since 36 cases and 55 control subjects did not 
answer the questionnaire.

Table Vm presents RRs and 90% CIs of experienced diseases calculated with dissolved 
matching. The last four diseases in the Table, Le., angina pectoris, gastric ulcer, gall
bladder disease, and shingles, were not specifically questioned but specified in the 
answers. Diseases appearing in less than ten subjects were grouped together as "other 
diseases”.

The only increased risk was seen for "rheumatic disease” (RR=1.7,90% CI=1.0-2.7). 
When this variable was calculated with sustained matching the risk increased (RR=1.9, 
90%CI=l.l-3.4).

When scrutinizing all available medical records regarding the subjects with ”rheumatic 
disease" as described above, only nine cases and two controls could be verified as having 
rheumatoid arthritis, producing an RR of 43 (90% Cl=1.2-14). Some clinical data on 
these persons are tabulated in paper m. When the RR for verified rheumatoid arthritis 
was calculated with sustained matching a further increase was seen (RR=8.0,90%
Q =1.8-35).

The remaining subjects with claimed "rheumatic disease", 28 cases and 20 controls, had 
suffered from a wide spectrum of different disorders, e.g., osteoarthrosis, arthritis and 
arthralgia. The diagnoses found in the medical records are tabulated in paper m.

Diabetes was somewhat less common in cases than in controls (RR=0.62,90% 
0=038-1.0), whereas other specified diseases did not differ much between cases and 
controls. A history of "other diseases" formally gave a decreased RR of 035 (90% 
0=0.40-0.77).

Use of medicines in total was negatively associated with multiple myeloma (RR=0.73, 
90% 0=033-0.99) based on 116 controls and 107 cases having used drugs according to 
the questionnaire. RRs for different groups of drugs are tabulated in paper III. The only
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finding with a 90% Cl not including unity was an RR of 0.43 (90% Cl=0.24-0.79) for 
vasodilators, mainly nitrates.

Diagnostic X-ray was more frequent in controls than in cases (RR=0.63,90% Cl=0.45-
0.87). When grouping the subjects according to the number of X-ray investigations, 
however, this tendency was gradually weakened and finally inverted with increasing 
number of investigations, as shown in Table IX.

This study gave no indication that radiotherapy is a risk factor for multiple myeloma. 
The medical records of all subjects who reported such treatment were scrutinized, and 
could be verified in only 10 cases and 12 controls. Locations and/or indications for such 
treatment are listed in paper HI. Malignant tumours were more common in controls, 
nine versus one, whereas benign conditions were more common in cases, nine versus 
three. In two cases but no control, however, radiotherapy had been given to lumbar 
spine, 25 and 29 years ahead of the diagnosis of multiple myeloma.

Familial occurrence of haematological malignancies, cancer and other diseases in 
multiple mveloma (paper IV)
As in paper III the response rate was 83.5%, with 239 cases and 220 controls answering 
the questionnaire.

Table X gives the reported familial occurrence of different groups of diseases. Cerebral 
haemorrhage and tuberculosis were not asked for specifically in the questionnaire, but 
they were reported as ”other disease" by several subjects. Although infrequently 
mentioned, Parkinson’s disease and epilepsy are also included in Table X because they 
may be of interest in the light of other findings.

An increased RR of 32 (90% CI=1.7-5.6) was noted for "blood disease". When the 
matching was sustained in the analysis this risk decreased somewhat to 25 (90%
Cl=13-4.6). An increased RR was also noted for "tumour disease" and, although based 
on rather few subjects, for asthma and cerebral haemorrhage. Other disease entities 
were reported rather equally in cases and controls.

Further analyses were done of subjects with 'blood disease" in the family, as described in 
"Materials and Methods", and the results are shown in Table XI. Thus, a similarly 
increased RR, as for all relatives, was seen if only first-degree relatives were included.
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When the calculation was performed with sustained matching this risk decreased slightly 
to 2.4 (90% Cl =1.1-5.0).

The number of subjects with stated first-degree relatives with f,blood disease" was 
substantially reduced when the described verification procedure only included those 
with a verified haematological malignancy. The corresponding reduction of subjects with 
a stated "tumour" among first-degree relatives was much less marked.

A total of 176 subjects were included in these procedures. In many instances a series of 
parochial authorities, at most twenty, had to be questioned for the tracing of the 
relatives to a single subject, because of moves. For example, one single relative was 
followed through eighteen moves.

A total of 201 relatives, either living or deceased, with a non-malignant cause of death 
after 1958, were checked against the Swedish Cancer Register, and out of these 24 were 
found to have a malignant disease reported to this register.

In three cases and three controls who stated presence of "tumour disease" in a first- 
degree relative, the verification procedure showed a haematological malignancy, and 
they were included in a further analysis, as presented in Table XI. Finally, RR for 
lymphoproliferative diseases, as defined earlier, as well as for multiple myeloma only, 
were calculated separately. In the latter analysis an increased RR of 5.6 
(90% Cl=1.1-28) was seen for subjects who had first-degree family members with 
multiple myeloma. With sustained matching this RR decreased somewhat to 5.0 (90%
Cl=0.99-26).

Corresponding analyses regarding malignant tumour diseases other than haematological 
malignancies are presented in Table XU. Thus, an increased RR was seen for subjects 
with a verified malignant tumour among first-degree relatives.

In Table XHI different verified tumour types in first-degree relatives are listed. Both 
prostatic cancer and brain tumour in the family produced increased RR with 90% Cl not 
including unity. An increased risk was also observed for renal cancer.

Familial occurrence of haematological malignancies in a Swedish county (paper VI 
A total of 36 families with several members with confirmed haematological malignancy 
were found. The sibling relation was clearly dominant, and of the 942 patients studied,
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Figure 2. Chronic lymphoproliferative disease. Families with more than one affected 
member, excluding 2 pairs of siblings, each having a third sibling with polycythemia vera 
(see Fig 4). Vertically = parent-child. Horizontally = siblings, o, (o) = unaffected. CLL 
= chronic lymphocytic leukaemia. MM = multiple myeloma. HD = Hodgkin’s disease. 
NHL = non-Hodgkin lymphoma. ML = malignant lymphoma, unspecified.

3.4% had at least one sibling with a haematological malignancy. Other kinship relations 
were much less frequent, but a total of 5.7% of the patients had one relative with this 
kind of disease.

In 20 of the families the affected patients suffered from lymphoproliferative diseases,
i.e., multiple myeloma, malignant lymphoma, and/or chronic lymphocytic leukaemia. 
These relations are described in Figure 2. In addition, pairs of siblings with 
lymphoproliferative diseases also occurred in two more families. Since they had a third 
sibling with another type of haematological malignancy these two families are described 
in another figure (see below). Compared with earlier reports, a higher proportion of 
families with different types of lymphoproliferative diseases were found in this study.

Other types of haematological malignancies, i.e., chronic myeloproliferative diseases 
and acute leukaemias, were much less common as shown in Figure 3. In Figure 4, 
families with different types of disease are presented.
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leukaemia. Families with more than one affected member. PV = polycythemia vera. AL 
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Figure 4. Families with more than one member affected by a malignant blood disease, 
but not of the same kind. MM = multiple myeloma. AL = acute leukaemia. PV = 
polycythemia vera. CLL = chronic lymphocytic leukaemia. CML = chronic myelocytic 
leukaemia. NHL = non-Hodgkin lymphoma. HD = Hodgkin’s disease. ALL = acute 
lymphocytic leukaemia. Mal tre = malignant thrombocythemia. ML = malignant 
lymphoma, unspecified. AML = acute myelocytic leukaemia.

In 10 out of the 36 families at least one person with multiple myeloma was observed, 
and in 6 of these two or more cases of lymphoproliferative disease were involved. In 3 
families more than one person with multiple myeloma occurred.
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DISCUSSION

METHODOLOGICAL ASPECTS 

Case-control study
Even if the first comparisons of case-control character were conducted already in the 
1920’s (e.g., Lane-Claypon 1926), the case-control technique was elaborated in the 
1950’s, through methodological work, mainly by statisticians (Cornfield 1951; Dora 1955, 
1959; Mantel and Haenszel 1959; Cornfield and Haenszel 1960). Further important 
contributions to the modem case-control study have been made by Miettinen (1970, 
1976). A case-control (or case-referent, or retrospective) study has been defined as "an 
investigation of the exposure frequencies of at least two groups of subjects selected on 
the basis of their status with respect to a particular disease entity" (Cole 1979).

The case-control study is especially suitable for rare diseases, and permits the study of 
several different exposure factors with potential aetiological impact. Different sources of 
bias must be reflected upon, especially in selection of cases and controls, and regarding 
possibility of selective recall.

Different considerations in study design of the present case-control study will be 
discussed below.

Definition of disease
It is important to define a homogeneous disease condition. The diagnosis of multiple 
myeloma may be more difficult than of other malignant diseases, since no single 
histopathological or cytological appearance by itself is sufficiently decisive. Instead, 
there are internationally accepted criteria for the diagnosis, which have been adopted as 
a condition for inclusion in this study.

Selection of cases
It is very important to get all cases in the study base, and not just a subgroup which may 
have had special opportunities to some exposure of interest. The Swedish compulsory 
reporting system for malignant diseases makes it likely that almost all incident cases in 
the study base were used, and it is highly unlikely that any missing cases have relations 
to any specific exposure history.
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Selection of controls
To avoid selection bias it is important to choose a control group representative of the 
study base. In Sweden complete and available registers cover the whole population, 
which permits the use of a control group from the general population. Since almost all 
incident cases in the study base probably are included (cf above), such a control group 
should be comparable with the cases.

The most common alternative, hospital patients, was avoided for several reasons. Such 
controls may be hospitalized for a disease sharing some aetiological factors with the 
disease under study. Furthermore, in this study most cases were not in the hospital 
during the assessment of exposure, and questionnaires were sent to the home address. 
To choose patients at present in a hospital as controls would have made the procedure 
of data-collection different for cases and controls. Hospital patients are mainly used as 
controls when the study base is the catchment area of that or those hospitals. An 
advantage with hospital patients as controls is said to be a lesser tendency to recall bias. 
Other methods were used to decrease this type of bias in this study, as described below.

A matched study design controlling for age, sex, county and vital status was used, 
thereby increasing efficacy. It is not probable that any of these factors correlate with 
some exposure of interest, thereby creating "overmatching".

The justification of matching on vital status, i.e., to use dead controls for dead cases, has 
been discussed in methodological papers (e.g., Gordis 1982). The reason for using dead 
controls is the matter of comparability in data collection between cases and controls, i.e., 
to obtain similar recall conditions.

The problem of using dead controls, however, is the possible introduction of bias. Such 
controls may be non-representative of the study base, and if so the RRs obtained from 
case-control pairs consisting of deceased subjects may not be valid. For example, control 
subjects dead in relatively early years are probably not representative of the nondiseased 
population, but rather might have an overrepresentation of diseases which may prevent 
exposure of at least certain types. The use of dead controls may also be an explanation 
for the higher prevalence of many diseases among controls than cases in the study on 
different medical conditions and treatments (paper HI).

In the investigation regarding family histoiy of diseases an evaluation of different case 
and control categories was performed regarding "blood disease" and Verified
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haematological malignancies". This showed that living cases were much more "exposed" 
than living controls, whereas deceased cases and controls were very similar in this 
respect, and much more "exposed" than the living controls. This means that choosing 
living controls to dead cases in this study would probably have increased the risks 
further.

Since the number of cases available for this study was rather high, and the cost to assess 
data from cases and controls did not differ, it was decided to choose one control for 
eveiy case.

Assessment of exposure
To reduce the possible influence of recall bias, e.g., a possible tendency for the cases to 
remember more hazardous exposures than controls, the aim of the study was 
unexpressed. Thus, no allusion to the disease under study was made in the information 
to the subjects, as described in "Materials and Methods". Furthermore, the questionnaire 
asked for information on many different occupations, exposures, earlier diseases, 
medications and family history of disease, not specially focusing on any debated risk 
factors.

There were no differences in information letters or questionnaires to cases or to 
controls. All non-respondents were sent similar reminder letters, with no difference in 
the effort to obtain data from cases as compared with controls.

The first part of the questionnaire, dealing with occupations and different exposure 
factors, was completed according to written instructions by a trained and experienced 
interviewer who did not know the status of case or control. To keep these interviews 
"blinded" as far as possible, the latter parts of the questionnaire dealing with diseases, 
treatments and family histoiy of disease were extracted before this interview.
Regarding the latter parts of the questionnaires, certain information was extensively 
checked through medical records and different authorities as described. No difference 
occurred in these efforts dependant on case or control status.

Dataanalysis
To minimize observer bias, all assessment of exposure from the questionnaires was done 
without knowledge if the subjects were cases or controls. Certain criteria used to classify 
exposure, described in detail in the respective papers, were decided before the 
assessment of exposure was done.
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In the first part of the case-control study a multivariate analysis was done to control for 
confounding factors mainly in farming, where many exposure factors seemed to be 
associated with multiple myeloma. The other parts of the case-control study were set up 
mainly to test some single hypotheses, and the result in the univariate analysis did not 
suggest the need for the more complicated multivariate approach.

For the description of results the point estimates of the risk ratios (RRs) have been used 
together with their 90% confidence intervals (Os). It still seems to be less common to 
use 90% than 95% CIs in epidemiological studies. Since the Cl is used to reflect the 
range within which the true estimate is likely to be found, it seems relevant not to use 
too broad CIs, however. The use of p-values have been avoided, because of their serious 
limitations, e.g., p-values cannot with any meaning be used in relation to negative or 
nearly negative results, and they are often misjudged in the interpretation of 
epidemiological studies (Ahlbom et al 1990).

General views on interpretation
The case-control approach is an effective tool in the study of aetiology of relatively rare 
diseases. Its main limitation is the occurrence of different types of bias, which can never 
be totally avoided, but may be minimized by a careful study design. A specific advantage 
is the possibility to study many different exposure factors at the same time. However, 
this has also led to criticism because of a suspected risk of finding irrelevant associations 
by multiple comparisons. It is important to stress, however, that every association found 
should be evaluated on its own merits in terms of its prior credibility and its features in 
the present study. The number of other variables is irrelevant (Cole 1979). Finally, the 
evaluation of whether or not an association is causal is a complex judgement and is 
based on the results of all well done and relevant studies.

Register-based linkage study
This type of study is usually thought of as a useful tool to generate hypotheses in a rather 
convenient way. In this study, however, it was used to investigate whether any of several 
different occupations, with potential exposure to certain chemicals, were associated with 
multiple myeloma or malignant lymphoma.

It is important to be aware of certain limitations with this type of study. Occupational 
data represent only the person’s work during a specific point in time, and no information 
is available on earlier or later changes in the work profile. Furthermore, a major
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shortcoming in register studies of this type, as compared with case-control studies, is that 
no individual exposure data on different agents are available. Any interpretations 
regarding associations between specific exposure factors and diseases must therefore be 
very careful, especially when the exposure is uncommon in the studied occupation.

Crucial in studies relying on registers is, of course, the data quality in these registers.
The validity and completeness of the Swedish Cancer Register is high, although 
regarding haematological malignancies somewhat less reliable than in general (Mattsson
1984). The data quality on occupations in the Swedish census also seems to be very 
good, according to a validating reinterview of a random sample of the 1960 census 
(Brivkalne 1964).

In conclusion, even if this type of study may not have the same potential to be influenced 
by bias as the case-control study, it is much less useful to test hypotheses regarding 
associations between occupations or specific exposures and diseases. Since it is a quite 
different type of study it may be of special interest when the result is in agreement with 
that of a case-control study, as it is regarding farmers and multiple myeloma in the 
present investigation.

Case study using medical records
The study of a series of cases is traditionally a basic method of investigation in clinical 
research. Even if it is not as sophisticated as modem approaches in epidemiology, e.g., 
the case-control study, it may still be useful and informative in certain situations.

The present study was part of a project charting all incident cases of haematological 
malignancies diagnosed during a period of 22 years in a rather homogeneous county.
The main purpose of the project was to characterize this material in terms of such 
variables as histopathology, geographical distribution and prognosis. It is not meaningful 
to compare the clinical features of the patients with any control group. Furthermore, it 
was an extensive study including 942 cases, and chosing a control group to compare 
some demographic and familial data was not judged to be cost-effective.

The interpretation of epidemiological data in a case study must, of course, be done with 
caution, since expected values seldom can be predicted with any accuracy. The present 
study on familial occurrence of haematological malignancies exemplifies, however, that 
certain features may be indicative of genuine associations. Thus, the variations in 
familial occurrence rate within the different groups of diseases, concordant with the
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result in other studies, makes it highly unlikely that the numerous family accumulations 
could have been produced at random. The dominance of sibling relations also makes a 
familial relation more probable.

INTERPRETATIONS OF FINDINGS 

Farming (papers Land Jt)
Both the case-control study and the register-based study confirmed the earlier finding of 
farmers being at an increased risk of developing multiple myeloma. Thus, this 
association is strongly supported by the present work. In the register-based study both 
male and female farmers were shown to be at an increased risk. In the same paper a 
time trend was also indicated, with increasing SIR values over the different time periods 
studied. This might be an effect of exposure to a carcinogen during more recent decades, 
perhaps in combination with the latency time for inducing multiple myeloma. Such a 
"new" carcinogen, for example, could be some pesticides, as discussed below. No 
association between farming and malignant lymphoma was found in the register-based 
study, except for the latest time period, 1979-1984.

Other occupations (papers I and IT)
Lumberjacks and afforestation workers also had somewhat increased RRs in the 
univariate analysis in paper L although the 90% CIs did not include unity. Since Swedish 
farmers often work some time in the forest as well, fanning might be a confounder for 
these occupations. A common exposure factor, e.g., pesticides, cannot, however, be 
excluded as exerting the risk.

No physical or biological explanation is forthcoming for the decreased risk for multiple 
myeloma among electricians, and in relation to occupational exposure to 
electromagnetic fields in the case-control study. A similarly decreased risk was indicated 
for electricians in the register-based study. On the other hand, residential exposure from 
high voltage power lines produced an RR around unity. Ongoing studies will hopefully 
shed more light on the possible association between electromagnetic fields and different 
types of malignant tumours.

The results relating associations between occupations and malignant lymphoma in paper 
n  are further discussed in that paper.
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Pgsüçides (paper ?)
The increased risk for multiple myeloma in subjects exposed to pesticides is in 
accordance with the finding in an American case-control study (Morris et al 1986).

In the present study both phenoxyacetic herbicides and DDT gave increased RRs with 
90% CIs not including unity in the univariate analysis, and even if the risks decreased 
somewhat in the multivariate analysis, they both remained increased.

There are no earlier studies indicating these pesticides as risk factors for multiple 
myeloma. Some studies have, however, disclosed phenoxyacetic herbicides as risk factors 
for non-Hodgkin lymphoma (Hardell et al 1981; Hoar et al 1986; Hoar Zahm et al
1990), which is a related lymphoproliferative disease. Thus, it was an a priori hypothesis 
in this study that exposure to phenoxyacetic herbicides might be a risk factor for 
multiple myeloma. The increased risk found strengthens this hypothesis.

At least some of the phenoxyacetic herbicides are contaminated with dioxins and furans, 
some of which are highly toxic substances. The isomer 2,3,7,8-TCDD is a well 
recognized carcinogen in animals (van Miller et al 1977; Kociba et al 1978; Pitot et al 
1980), but also other dioxin isomers seem to have this property (National Toxicology 
Program, NCI, 1980,1989). A recent epidemiological study indicated that dioxins in 
phenoxyacetic herbicides and chlorophenols might be a risk factor for soft-tissue 
sarcoma in humans (Eriksson et al 1990). A carcinogenic effect of the phenoxyacetic 
herbicides perse cannot be excluded, however.

DDT is a potent insecticide and its use was forbidden in the USA in 1972 and in Sweden 
in 1975 because of its harmful ecological effects, particularly on predatory birds and 
marine life. It is a stable substance and may accumulate in human tissue where it is a 
potent inducer of the microsomal enzyme system of the liver. DDT is carcinogenic to 
mice, causing liver and lung neoplasms and malignant lymphoma (Kashyap et al 1977). 
Liver tumours have also been demonstrated in rats (Rossi et al 1977; Cabral et al 1982). 
Some epidemiological studies indicate a possible association between exposure to DDT 
and malignant lymphoma or chronic lymphocytic leukaemia in man (Hardell et al 1981; 
Flodin et al 1988; Persson et al 1989). This may lend support to the indication of DDT 
as a risk factor for myeloma in this study, a finding not described earlier.

Other pesticides such as creosote and arsenic have been connected to myeloma in some 
studies, but these findings were not verified in the present study.
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Dpmgstiç flnimal§.(papçi_I)
In this study cattle, horses, and goats appeared as risk factors for myeloma. As for cattle 
these results are in accordance with the findings in a study from New Zealand (Pearce et 
al 1986), whereas horses and goats have not been reported as risk factors for myeloma in 
any earlier study. The mechanism responsible for this connection between certain 
domestic animals and multiple myeloma may be some unknown viral transmission.

Oncogenic zoonotic viruses have been suggested as possible aetiological agents in 
haematopoetic and lymphatic malignancies in humans, since RNA viruses have been 
connected with such tumours in several mammalian species (Kaplan 1978; Armenian 
and Hamaden 1983). Especially interesting is that a virus has been found to be an 
important aetiological agent in a bovine type of lymphosarcoma prevalent in cattle 
(Ressang et al 1974; Kettmann et al 1976).

It is also interesting to consider a viral disease in mink, Aleutian-mink disease, 
characterized by systemic proliferation of plasma cells associated with marked 
hypergammaglobulinemia, with some of the affected minks also developing a myeloma
like gammaglobulin spike. This disease has been observed in all of the mink-raising 
areas of Scandinavia and North America. Furthermore, a case of Aleutian-mink disease 
in man has been described (Chapman and Jimenez 1963), as well as a case of multiple 
myeloma in a mink handler who during many years had been bitten repeatedly on the 
hands and arms by mink in a farm where the presence of the viral disease was well 
documented (Henry 1979). In the present study one case and one control were working 
with mink-raising, and another case worked on a fox farm.

This investigation lended no support to any association between poultry and myeloma, 
which has been suggested in some univariate correlation studies from the USA (Priester 
and Mason 1974; Burmeister et al 1983; Cantor and Blair 1984; Saftlas et al 1987).

Other environmental exposures (paper I)
Exposures to asbestos or organic solvents have been demonstrated as possible risk 
factors for multiple myeloma in some but not all earlier studies. Both were negatively 
associated with the disease in this study, thereby in principle opposing an association 
between these agents and multiple myeloma.
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In the univariate analysis work with power saw and tractor driving in work gave 
increased RRs for multiple myeloma. These risks are reflected by the slightly increased 
risk for occupational exposure to engine exhausts observed. The association between 
engine exhausts and multiple myeloma was first described in an earlier Swedish study 
(Flodin et al 1987), where the possible role of the known mutagenic agents in both 
diesel and gasoline exhausts was emphasized.

In the same study (Flodin et al 1987) wood workers in contact with fresh wood were 
found to be at increased risk for myeloma. To investigate this association the combined 
risk for people occupied in forestry, at a sawmill or at a pulp industry was calculated. 
The moderately increased RR found in the univariate analysis was eliminated when 
logistic regression was performed.

Risk estimates around unity were obtained for all types of building material in 
dwellings. Thus, this study does not support an effect of ionising gamma radiation from 
stone or concrete buildings in relation to multiple myeloma.

This study gave no support to the hypothesis that cigarette smoke may induce malignant 
degeneration in bone marrow with induction of multiple myeloma, as proposed in a 
paper on a cohort study of Seventh-day Adventists in the USA (Mills et al 1990). A new 
cohort study from the USA (Heineman et al 1992) and a recently published case-control 
study from the same country (Morris Brown et al 1992) also do not find any association 
between smoking and multiple myeloma.

Rheumatoid arthritis (papgilP )
Since this part of the study was mainly performed to test the hypothesis that rheumatoid 
arthritis, possibly through chronic antigenic stimulation, is a risk factor for multiple 
myeloma, the result strongly supports such an association. The medium latency period 
from onset of symptoms from rheumatoid arthritis to the diagnosis of multiple myeloma 
was 21 years with a wide range, as appears in paper m. Most of the cases bad a positive 
rheumatoid factor in serum. The monoclonal protein appearing in their myeloma did 
not show any particular pattern.

In the present study different other rheumatic diseases, some of which may be related to 
rheumatoid arthritis, also seemed to be more frequent in the cases. However, any 
association between other types of autoimmune disease and multiple myeloma was not 
found, in contrast to some earlier reports (Rothman et al 1951; Lindsay and Dailey
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1955; Tatal and Bunim 1964; Kassan et al 1978; Holm et al 1985; Kato et al 1985; 
Fukuda et al 1987; Koepsell et al 1987; Boffetta et al 1989; Brinton et al 1989).

An association between the immunosuppressive drug azathioprine, used to prevent 
rejection of transplanted kidneys since 1963, and subsequent development of malignant 
lymphoma has been described (Penn et al 1969). It has therefore been much discussed if 
the use of immunosuppressive and cytotoxic drugs in rheumatoid arthritis may be partly 
responsible for the increased incidence of lymphoproliferative malignancies in these 
patients. However, the results in some studies addressed to solve this question are 
conflicting (Lewis et al 1976; Färber et al 1979; Balthus et al 1983), and at present the 
risk of developing these neoplasms in rheumatoid arthritis is regarded to be 
independent of prior treatment with cytotoxic drugs (Symmons 1988). The anti
inflammatory drug, phenylbutazone, has also been discussed because of its known 
haematological toxicity, with a suspected relation also to leukaemia and malignant 
lymphoma (Bean 1960; Jensen and Roll 1965), but an association with multiple 
myeloma has not been shown.

In this study the cases were to few to evaluate any possible association between anti
rheumatic drugs and the development of multiple myeloma. No case, but one control, 
had used azathioprine or other immunosuppressive drugs. Phenylbutazone was used by 
three of the cases and both of the controls with rheumatoid arthritis, and furthermore by 
two more cases and two more controls on other indications than rheumatoid arthritis 
according to the answers in the questionnaires.

The prevalence of rheumatoid arthritis in adults in Sweden is about 1% (Svensson
1991), and thus well in agreement with the finding of two controls with the disease 
verified in this study.

There are no indications that controls were reporting less diseases in general. On the 
contrary most diseases inquired were more common in the controls. For the category 
”other diseases” reported by the subjects, there was even a significantly decreased risk to 
develop multiple myeloma. This finding could reflect that persons with malignant 
diseases may disregard less serious conditions. As discussed in the "Methodological 
aspects" section, it may also be partly explained by the use of dead controls for dead 
cases.
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Different treatments (paper HI)
The mapping of medications prior to the year of multiple myeloma diagnosis did not 
reveal any drugs as related to this malignant disease. Thus this study could not confirm 
the results in a few earlier studies of laxatives (linet et al 1987) and phenytoin (Matzner 
and Polliack 1978; Aymard et al 1981; Linet et al 1987;) as risk factors for multiple 
myeloma.

The decreased risk for multiple myeloma, found both for use of medications in general 
and for X-ray investigations, probably mirrors the fact that most diseases in this study 
were more often reported by the controls, as discussed above.

It may, however, be of interest that the highest category of X-ray exposure was 
somewhat more common in the cases. This is in accordance with the finding in a recent 
American study showing an increased risk for multiple myeloma among patients who 
were frequently exposed to X-rays (Boice et al 1991). It may also be noteworthy that two 
cases but no controls had received radiotherapy against the lumbar spine where bone 
marrow is abundant

Familial occurrence of haematological malignancies and cancer (papers IV and VI 
The case study found that in a material of almost 1000 patients with haematological 
malignancies of all kinds, approximately 5% had at least one rather close relative who 
had also suffered from such a disease. An especially strong familial occurrence was 
found in the group of chronic lymphoproliferative diseases, e.g., multiple myeloma.

The case-control study supported the hypothesis that an increased risk to develop 
multiple myeloma occurred if any first-degree relative had a history of haematological 
malignancy or other malignant tumour. In the latter group the risk was especially 
elevated for prostatic cancer, brain tumours and renal cancer.

Regarding "blood disease", an increased risk was also found if not only first-degree but 
all relatives were included in the calculation. This risk was probably influenced by recall 
bias, however, with a better knowledge by the cases of similar diseases as their own in 
distant relatives. Furthermore, no verification through death certificates or the Cancer 
Register was obtained in that analysis.

This is the first case-control study showing a risk for multiple myeloma if a relative has 
the same disease, thereby verifying many case reports.
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In several other respects, the results of this study are strikingly similar to those of a 
hospital-based American case-control study (Bourguet et al 1985). In that study, a 
history of any type of cancer in a first-degree relative gave an increased risk for multiple 
myeloma of 1.4 as compared with the calculated 1.2 in this study. A history of any 
haematological malignancy increased the risk to 2.4, both in the American study and in 
the present one. Furthermore, one of the few significant findings regarding specific 
tumour sites in the American study was that genitourinary cancer in a family member 
was associated with an RR of multiple myeloma of 23 among males aged 60 years or 
older. It is noteworthy that prostatic cancer, which is the most common male tumour in 
Sweden, in this study gave an increased risk for multiple myeloma of 3.1 if occurring in a 
first-degree relative. These similarities must be regarded as highly indicative of non- 
random associations.

Other types of studies giving evidence in support of genetic traits in the etiology of 
multiple myeloma are sparse. In an immunogenetic family study (Grosbois et al 1986) a 
double immunochemical and immunogenetic identity was found in two siblings with 
multiple myeloma, but not in other investigated family members, strongly indicating 
genetic factors being involved. In some other reports, non-conclusive immunogenetic 
family studies are included (Hubert et al 1985; Judson et al 1985). Studies investigating 
a genetic connection between multiple myeloma and solid tumours seems to be lacking. 
Of course familial aggregation of malignant diseases may also reflect common 
environmental factors of importance, and not only genetic conditions.

Familial occurrence of other diseases (paper IV)
A recent study found significant excess of rheumatoid arthritis in first-degree relatives of 
cases with multiple myeloma (Iinet et al 1988); that finding was not reproduced in this 
study.

It may be notable, however, that two cases versus no controls in this study reported 
Parkinson’s disease in a relative, and three cases but no controls reported epilepsy. This 
finding has no significance perse, but is consistent with a recent American study 
indicating familial aggregation of multiple myeloma and central nervous system diseases 
(Grufferman et al 1989).
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GENERAL SUMMARY

This epidemiological investigation dealt with risk factors for an increasingly occurring 
and uncurable haematological malignancy, multiple myeloma. The main hypotheses 
regarding suspected aetiological factors, e.g., farming, rheumatoid arthritis and familial 
occurrence, were addressed in a population-based case-control study in northern 
Sweden, consisting of three parts. In addition, a register-based linkage study and an 
extensive case study were performed, both focused on multiple myeloma and certain 
related haematological malignancies.

The most obvious findings and conclusions from the studies are briefly summarized as 
follows:

1. There is an association between farming and multiple myeloma, consistent with 
earlier epidemiological findings. It seems as if this association is valid in both men 
and women, and the association may have been increasing during later years.

2. In the case-control study, which is the first one using multivariate analysis to evaluate 
different exposure factors within farming, two different types of pesticides seem to be 
associated with the disease under study: phenoxyacetic herbicides and the insecticide 
DDT. Earlier studies on related diseases support the relevance of these findings, 
although no such association has been indicated in other studies on multiple 
myeloma.

3. Certain types of domestic animals, namely cattle, horses and goats, were also 
associated with multiple myeloma in the present investigation. A dose-response 
pattern indicated a possible importance of long-lasting exposure. A reasonable theory 
on zoonotic virus as the aetiological agent was discussed.

4. Rheumatoid arthritis, and perhaps also other related disorders, gave an increased risk 
for multiple myeloma. Earlier case-control studies have failed to show this 
association, which has been indicated by some case reports and cohort studies. A 
hypothesis on chronic antigenic stimulation as the explanation was briefly reviewed.
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5. The risk to be afflicted with multiple myeloma was increased if any first-degree 
relative had the same or another haematological malignancy. A similar increase in 
risk was seen if a relative had a malignant tumour, especially if it was a prostatic 
cancer or a brain tumour. A genetic trait may be suspected, but the possibility of 
common environmental factors of aetiological importance in the family cannot be 
excluded.
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Table I. Occupations with risk ratios (RR) and 90% confidence intervals (Cl). Only 
variables with at least ten exposed subjects or of a special interest due to findings in 
earlier studies are included.

No. of exposed
Occupation Cases Controls RR 90% Cl

Farmer 151 121 1.7 13-2.4
Railroad worker 7 11 0.50 0.1-13
Road worker 19 17 1.1 0.63-23
Motor vehicle driver 17 17 1.0 031-2.0
Building metal worker/ 
mechanic^ 7 11 0.64 039-1.4

Other metal work^ 4 8 0.50 0.18-13
Miner 8 8 1.0 0.44-2.4

-surface 6 4 1.5 0.52-4.9
- underground 8 7 1.1 0.49-2.8

Gardener/garden
worker 4 7 0.57 03-13

Lumberjack 82 69 1.5 0.98-23
Afforestation worker 34 25 1.4 0.89-2.3
Sawmill worker 21 18 13 0.68-2.2
Building worker 20 22 0.90 0.53-1.6
Electrician 3 9 033 0.11-0.81
Furniture industry worker 2 4 030 0.12-1.8
Pulp industry worker 10 10 1.0 0.44-2.4
Laundry worker/laundress 6 5 12 0.44-33
Hairdresser/
cosmetologist 2 3 0.67 0.15-2.8

Petrol station/ 
garage worker 6 7 0.86 034-23

Refinery worker 1 1 1.0 0.10-10
Other chemical work 8 7 1.1 0.49-2.8

a Machine-repairman, welder, and plumber included, 
b Blacksmith, turner, and founder included.
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Table H Risk ratios (RR) and 90% confidence intervals (Cl) for exposure factors with 
90% Cl not including unity.

No. of exposed
Exposure factor Cases Controls RR 90% Cl

Pesticides, all 81 59 1.6 1.1-23
- Phenoxy acids 20 9 22 1.1-4.7
-DDT 53 32 1.8 1.1-2.7

Cattle 152 118 1.7 12-2.4
Horses 137 101 1.8 13-23
Hogs 124 99 13 1.1-2.1
Sheep 60 41 1.7 1.1-23
Goats 24 11 2.2 12-43
Asbestos 19 33 0.50 029-0.82
Organic solvents 
(work) 21 37 0.50 030-0.80

Electromagnetic fields 
(work) 6 15 031 0.12-0.66



52

Table IQ. Dose-response calculation on some exposure factors with reliable information 
about duration of exposure (see text). The categories of exposure duration, i.e., <5, 6-20 
and >21, were decided before the analysis was done, and refers to days of intensive work 
in the cases of phenoxyacetic acids and DDT, and years of intermittent contact for the 
rest of the factors. For each category the univariate risk ratio and the 90% confidence 
interval are given.

Duration of exposure (days or years) 
Exposure factor <5 6-20 >21

Phenoxyacetic
adds

3.0
(0.78-12)

2.0
(0.63-6.4)

2.0
(0.73-53)

Organic solvents 
(work)

037
(0.09-1.5)

0.59
(0.28-13)

037
(0.18-0.74)

Asbestos 0.10
(0.02-0.66)

021
(0.06-0.66)

038
(026-1.4)

DDT 1.1
(0.41-2.8)

1.5
(0.86-2.8)

1.6
(0.63-4.2)

Cattle 1.7
(0.68-42)

1.3
(0.83-2.1)

1.9
(1.3-2.6)

Horses 1.9
(0.63-5.6)

12
(0.73-1.9)

1.9
(13-2.6)

Hogs 2.1
(0.65-6.75)

0.97
(0.60-1.54)

1.6
(1.12-2.19)

Sheep 1.4
(035-3.6)

- 12 
(0.63-2.4)

2.1
(13-4.0)

Goats - 1.0
(034-2.6)

32
(13-7.5)
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Table IV. Multivariate analysis of different exposure factors chosen according to the 
criteria described in paper I. The imivariate risk ratios (URR) are given, and a stepwise 
reduction with resulting values of risk ratios is presented, with the confidence intervals 
of the values in the reduced model. All variables with a risk estimate between 0.9 and 
1.1 were gradually excluded. The Pearson-correlation coefficient was used to include 
potential confounding factors not primarily included in the model (see text).

Step No.
Exposure factor URR 1 2 3 4 90% a

Cattle 1.7 13 13 13 13 0.76-3.0
Horses 1.8 13 13 1.7 1.6 0.93-3.0
Hogs 1.5 0.71 0.70 0.84 0.85 0.42-1.7
Sheep 1.7 1.0
Goats 22 1.4 13 13 13 0.75-3.1
Poultry 12 0.68 0.68 0.40-1.2
Cats 1.1 0.91
Dogs 1.0 0.80 0.79 036-1.1
Birds 0.50 0.73 0.73 0.69 0.69 0.27-1.8
Phenoxyacetic
acids 22 1.6 1.6 1.9 1.9 0.84-4.4

Chlorophenols 1.1 0.86 0.85 0.40-1.8
DDT 1.8 13 13 1.4 1.4 0.88-23
Organic solvents 
(work) 0.50 0.61 0.61 0.68 0.67 038-13

Asbestos 0.50 0.66 0.67 032 034 027-1.1
Sulphite pulp 0.67 0.87 0.88 0.91
Power saw 1.6 0.88 0.87 0.78 0.75 036-1.6
Copy-machine 0.43 035 034 039 035 023-1.4
Electromagnetic 
fields (work) 031 032 032 037 036 0.13-0.99

Fresh wooda 13 0.90
Engine exhausts^ 1.4 1.1 1.1 0.60-2.1
Man-made mineral 
fibers 1.1 2.0 2.0 0.83-4.9

Brick0 0.77 0.91

a Working with power saws, at a sawmill, or at a pulp industry, 
b Working with tractor, power saws, or as drivers, 
c Building material in dwelling.
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Table V. Some exposure factors within farming, forestry and afforestation. Only 
matched pairs with both subjects being occupied in those industries, a total of 94, were 
included m the analysis. Risk ratios (RR) and 90% confidence intervals (Cl) are given.

Exposure factor RR 90% a

Cattle 2.0 0.93-4.7
Horses 1.6 0.94-3.0
Hogs 1.0 0.59-1.8
Sheep 13 0.76-2.2
Goats 1.7 0.78-4.1
Poultry 1.0 0.65-1.7
Phenoxyacetic acids 2.0 0.88-5.1
Chlorophenols 1.1 0.49-2.8
DDT 1.9 1.0-3.4
Mercurial seed dressing 1.0 0.19-5.4
Pesticides, other 0.7 0.27-1.8
Tractor driving (fanning) 23 0.84-72
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Table VI. Standardized incidence ratios (SIR) for multiple myeloma (ICD 7 code 203) 
for the period 1971 - 84 among Swedish men and women in the 1970 census by 
occupational groups with codes used by the International Labour Office (1958).

Womeo- lotal 
Occupation (code no) Cases SIR Cases SIR SIR

Physician (031) 7 0.8 0 - 0.7
Dentist (032) 5 12 2 2.0 13
Health care worker 
(040-049) 7 0.7 85 12 L i'

Farmer
(023,401,402,411) 276 13b 59 1.4» 13b

Forestry worker 
(024,403,441) 50 1.0 0 . 1.0

Horticultural worker 
(404,412) 29 4 6 1.1 13

Electrical/electronic 
worker (761-769) 40 0.9 4 0.8 0.9

Carpenter (771) 78 1.1 0 - 1.1
Sawmill worker (774) 14 1.5 0 - 13
Pulp-mill worker (834) 8 1.1 0 - 1.1
Papermill worker (836) 10 1.0 2 12 1.0

a The 95% confidence interval for SIR does not cover 1.0. 
b The 99% confidence interval for SIR does not cover 1.0.



56

Table VH. Time trends for SIR of multiple myeloma in farmers (occ.=401) using three 
six-year periods in CER 60 and two six-year periods in CER 70.

Time period Census Cases SIR

1961 - 66 1960 128 1.1
1967 - 72 1960 147 1.0
1973 - 78 1960 200 12 a
1973 - 78 1970 98 13a
1979 - 84 1970 136 1.4b

aThe 95% confidence interval for SIR does not cover 1.0. 
b The 99% confidence interval for SIR does not cover 1.0.

Table VIP. Experienced diseases in cases and controls in the order they appeared in the 
questionnaire with risk ratios (RR) and 90% confidence intervals (Cl) calculated with 
dissolved matching.

No. of exposed
Disease Cases Controls RR 90% Cl

(239) (220)

Hypertension 62 65 0.84 0.59-13
Diabetes 22 31 0.62 038-1.0
Tuberculosis 12 10 1.1 0.54-23
Inflammatory 
bowel disease 9 13 0.62 030-13

Rheumatic disease 37 22 1.7 1.0-2.7
Hyperlipidaemia 10 10 0.92 0.43-2.0
Thrombosis 19 20 0.86 0.50-1.5
Nervous complains 24 20 1.1 0.66-1.9
Metabolic disorder 8 11 0.66 030-13
Allergy 20 16 12 0.66-2.1
Angina pectoris 6 10 034 0.23-1.3
Gastric ulcer 14 10 13 0.65-2.7
Gall-bladder disease 10 11 0.83 0.40-1.8
Shingles 5 7 0.65 0.25-1.8
Other diseases 60 83 0.55 0.40-0.77
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Table IX. Exposure to diagnostic X-ray and radiotherapy in cases and controls, with 
risk ratios (RR) and 90% confidence intervals (Cl). Calculations were also made 
according to the number of diagnostic X-ray investigations experienced; subjects with 
less than five were regarded as unexposed in all analyses.

Exposure
No. of exposed 

Cases Controls 
(239) (220)

RR 90% a

Diagnostic X-ray 
investigations (total) 65 82 0.63 0.45-0.87

5-10 29 43 057 037-0.87
11-20 20 27 0.65 039-1.1
>20 16 12 1.2 0.65-2.4

Radiotherapy 10 12 0.76 037-1.6

Table X. Familial occurrence of different groups of diseases in cases and controls in the 
order they appeared in the questionnaire with risk ratios (RR) and 90% confidence 
intervals (Cl) calculated with dissolved matching.

Disease entity Cases
(239)

Controls
(220)

RR 90% a

Heart disease 91 85 0.98 0.71-1.4
Diabetes 42 42 0.90 0.61-1.4
Rheumatic disease 33 34 0.88 057-1.4
Tumour disease 98 79 12 0.90-1.7
Blood disease 34 11 32 1.7-5.6
Asthma 25 21 1.1 0.66-1.9
Cerebral haemorrhage 11 8 13 059-2.8
Tuberculosis 13 15 0.79 0.41-15
Other disease 12 14 0.78 0.40-1.6
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Table XI. Familial occurrence of blood disease totally, and in different sub-groups as 
defined in footnotes. Risk ratios (RR) and 90% confidence intervals (Cl) were 
calculated with dissolved matching.

Disease entity Cases Controls RR 90% Cl
(239) (220)

Blood disease, all 34 11 3.2 1.7-5.6
-lst-degree relatives^ 22 8 2.7 13-53
-lst-degree relatives, 
verified^

10 4 2.4 0.90-63

-Blood disease classified 
as tumour included^

13 7 1.8 0.80-3.9

-Lymphoproliferative 
blood disease4

9 5 1.7 0.68-4.2

-Multiple myeloma^ 6 1 5.6 1.1-28

1 Only siblings, children and parents included.
2 Only siblings, children and parents with haematological malignancy verified in death 

certificates or in the Swedish Cancer Register.
3 The same group as defined in note 2, including subjects with verified familial 

haematological malignancy in the questionnaires mentioned as tumours included.
4 Subjects with familial lymphoproliferative disease from the group defined in note 3.
5 Subjects with familial multiple myeloma from the group defined in note \

Table XII. Family occurrence of malignant tumour disease totally and in sub-groups as 
defined in footnotes. Risk ratios (RR) and 90% confidence intervals (Cl) were 
calculated with dissolved matching.

Disease entity Cases Controls RR 90% Cl
(239) (220)

Malignant tumours, all 98 79 12 0.90-1.7
-lst-degree relatives^ 79 74 0.97 0.70-1.4
-lst-degree relatives, verified^ 70 56 12 0.86-1.8

1 Only siblings, children and parents included.
2 Only siblings, children and parents with malignant tumours verified in death 

certificates or in the Swedish Cancer Register.
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Table XIII. Different types of malignant tumours in lst-degree relatives verified in 
death certificates or in the Swedish Cancer Register. Risk ratios (RR) and 90% 
confidence intervals (Q ) were calculated with dissolved matching.

Tumour type Cases
(239)

Controls
(220)

RR 90% a

Breast cancer 10 11 0.83 0.40-1.8
Prostatic cancer 13 4 3.1 13-7.8
Lungcancer 6 4 1.4 0.48-4.1
Gastric cancer 19 18 0.97 035-1.7
Colon cancer 6 6 0.92 035-2.4
Rectum cancer 8 5 L5 038-3.9
Brain tumour 7 1 6.6 1.4-31
Pancreatic cancer 3 6 0.45 0.14-13
Renal cancer 5 1 4.7 0.90-25
Ovarian cancer 3 3 0.92 0.24-3.6
Other cancer types 28 20 13 0.80-23
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