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Pesticide exposures and multiple 
myeloma in Iowa men 

Linda Morris Brown, Leon F. Burmeister, George D. Everett, and 
Aaron Blair 

(Received 22 October 1992; accepted in revised form 21 December 1992) 

A population-based case-control study of 173 White men with multiple myeloma (MM) and 650 controls was 
conducted in Iowa (United States), an area with a large farming population, to evaluate the association be- 
tween MM, agricultural risk factors, and exposure to individual pesticides. A slight nonsignificantly elevated 
risk for MM was seen among farmers (odds ratio [OR] = 1.2, 95 percent confidence interval [CI] = 0.8-1.7). 
Although slight excesses were observed, there were no significant associations between MM and handling 
either classes of pesticides or specific pesticides. Thus, this study found little evidence to suggest an association 
between risk of MM and farming or pesticides. 
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Introduction 
Excess risk for multiple myeloma (MM) has been 
associated with farming in a number of studies.',2 
Although pesticides as a generic class of chemicals have 
been associated with MM, information on risk from 
use of individual pesticides is limited.2, We analyzed 
detailed pesticide data from a case-control study 
among White men in Iowa (United States) to investi- 
gate whether risk of MM was related to the use of speci- 
fic agricultural pesticides. A previous analysis of these 
data included only classes of pesticides.4 

Methods 
Concurrent, population-based, case-control, inter- 
view studies of leukemia, non-Hodgkin's lymphoma 
(NHL), and MM in Iowa and leukemia and NHL in 
Minnesota were conducted during 1981-84 using the 
same questionnaire and controls. Presented in this 

paper are results for the MM cases and Iowa controls. 
Details of the pesticide analyses for leukemia and NHL 
have been published elsewhere.'" 

Included in this study were all cases of MM among 
White men aged 30 or older diagnosed during 1981-84. 
Cases were identified from the Iowa Health Registry, a 
member of the Surveillance, Epidemiology, and End 
Results (SEER) program. To confirm the diagnosis of 
MM, pathologic material and laboratory reports were 
reviewed by an expert pathologist. Twenty-five cases 
of MM for whom adequate information for diagnostic 
confirmation were unavailable are not included in the 
analyses. 

Three sources of controls were used to select a popu- 
lation-based stratified sample of White men without 
lymphatic or hematopoietic cancer: random digit dial- 
ing [RDD] (living controls under age 65);7 Medicare 
records provided by the Health Care Financing 
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Administration (living controls aged 65 or over); and 
state death certificate files (deceased controls). Con- 
trols were frequency-matched to the cases by five-year 
age group and vital status at time of interview. Since the 
study was designed to evaluate risks for farming and 
farm-related exposures, we did not match controls to 
cases on geographic area. 

A standardized questionnaire was used to obtain 
detailed information on general farm activities and the 
use on the farm of 24 animal insecticides, 34 crop insec- 
ticides, 38 herbicides, and 16 fungicides. Questions on 
pesticide use included whether the subject personally 
mixed, handled, or applied the pesticide; whether the 
subject usually used protective equipment when hand- 
ling the pesticide; and the first and last year the pesti- 
cide was used. Information on the frequency of 
pesticide use was not obtained. In-person interviews 
lasting approximately 50 min were conducted with 
subjects or with close relatives, if subjects were 
deceased. Interviews were completed for 84 percent of 
the MM cases and 78 percent of the controls. The res- 
ponse rate for the controls includes the 87.5 percent 
response rate for the RDD controls at the household 
screening phase. Included in the analysis were 173 (101 
alive, 72 deceased) MM cases and 650 (452 alive, 198 
deceased) controls. 

Logistic models8 were used to calculate odds ratios 
(OR) for MM from agricultural exposures and from 
individual pesticides that were handled personally by 
at least five cases. This restriction based on the much 
smaller case-group was made to assure adequate num- 
bers of subjects in each cell for analysis. All ORs were 
calculated using nonfarmers as the referent group 
because they were not exposed to any farm-related 

Table 1. Risk of multiple myeloma according to number of 
years farmed and ever use of types of pesticides 

No. of No. of OR" (CI)b 
cases controls 

Never farmed 62 272 
Ever farmed 111 378 1.2 (0.8-1.7) 

Farmed (yrs) 
1-9 40 92 2.0 (1.2-3.2) 
10-29 38 101 1.5 (1.0-2.4) 
30-44 21 93 1.0 (0.6-1.7) 
45 + 8 85 0.3 (0.2-0.7) 
Unknown 4 7 

Pesticides 93 318 1.2 (0.8-1.8) 
Fungicides 7 35 1.0 (0.4-2.4) 
Herbicides 54 194 1.2 (0.8-1.9) 
Insecticides 91 308 1.2 (0.9-1.8) 

a All odds ratio (OR) values relative to subjects who never farmed. 
All ORs adjusted for vital status and age in a logistic analysis. 

b CI = 95% confidence interval. 

Table 2. Risk of multiple myeloma for mixing, handling, or 
applying specific pesticides 

Pesticides No. of No. of OR' (CI)b 
cases controls 

Animal insecticides 
Chlordane 9 29 1.6 (0.7-3.6) 
Coumaphos 5 16 2.0 (0.7-5.8) 
DDT 20 84 1.1 (0.6-1.9) 
Dichlorvos 7 21 2.0 (0.8-5.0) 
Lindane 16 75 1.1 (0.6-2.0) 
Malathion 6 44 0.8 (0.3-1.9) 
Nicotine 6 22 1.4 (0.5-3.6) 

Crop insecticides 
Aldrin 22 89 1.1 (0.7-2.0) 
Carbofuran 12 49 1.2 (0.6-2.5) 
Carbaryl 6 20 1.5 (0.6-3.9) 
DDT 20 52 1.7 (0.9-3.1) 
Fonofos 5 22 1.4 (0.5-3.8) 
Lindane 5 19 1.2 (0.4-3.4) 
Malathion 8 24 1.9 (0.8-4.6) 
Phorate 11 41 1.4 (0.7-3.1) 
Terbufos 10 33 1.8 (0.8-4.0) 

Herbicides 
Alachlor 13 73 0.9 (0.5-1.7) 
Atrazine 12 74 0.8 (0.4-1.6) 
Bentazon 9 38 1.3 (0.6-2.8) 
Butylate 8 36 1.3 (0.6-3.1) 
Chloramben 6 47 0.6 (0.3-1.6) 
Cyanazine 11 51 1.2 (0.6-2.4) 
2,4-D 35 150 1.0 (0.6-1.6) 
Dicamba 10 43 1.3 (0.6-2.8) 
Glyphosate 11 40 1.7 (0.8-3.6) 
Metribuzen 7 36 1.2 (0.5-3.0) 
2,4,5-T 7 39 0.9 (0.4-2.1) 
Trifluralin 17 69 1.2 (0.7-2.3) 

a All odds ratios (OR) values relative to nonfarmers (62 cases, 272 
controls). All ORs adjusted for vital status and age in a logistic 
analysis. 

b CI = 95% confidence interval. 

activities. We felt that subjects who farmed but 
reported no use of pesticides might be unusual and 
farmers who did not use a specific pesticide might have 
been exposed to other potentially carcinogenic pesti- 
cides. Vital status (alive, deceased) and age (< 45, 45-64, 
65 +), were included in models to adjust for potential 
confounding. Other factors such as smoking and edu- 
cation were evaluated and found not to be confounders 
of agricultural risk factors. 

Results 
Some farming activity was reported by 64 percent of 
the cases and 58 percent of the controls (OR = 1.2; 
Table 1). The farming-associated risk was greater for 
subjects less than 65 years (OR = 1.4, 95 percent confi- 
dence interval [CI] = 0.7-2.8) than for subjects 65 years 
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of age or older (OR = 1.1, CI = 0.7-1.7). Years engaged 
in farming appeared to be inversely associated with risk 
of MM (P for trend < 0.05), even though the median 
year first (1932) and last farmed (1968) were the same 
for cases and controls. Similar patterns in risk were 
seen for both younger (< 65 years) and older (65 + 
years) subjects (not shown). The ORs were not elev- 
ated significantly among farmers reporting the use of 
any pesticide (OR = 1.2), any fungicide (OR = 1.0), 
any herbicide (OR=1.2), or any insecticide 
(OR = 1.2; Table 1). 

Risks for MM were not increased significantly for 
farmers who personally mixed, handled, or applied any 
specific insecticide or herbicide (Table 2). Nonsignifi- 
cantly elevated ORs of 1.5 or greater were seen for the 
animal insecticides chlordane, coumaphos, and 
dichlorvos; the crop insecticides carbaryl, dichloro- 
diphenyl-trichloroethane (DDT), malathion, and ter- 
bufos; and the herbicide glyphosate. Failure to use pro- 
tective equipment was associated with a higher risk of 
MM for chlordane (OR = 1.9), coumaphos 
(OR = 2.4), DDT (OR = 1.8), terbufos (OR = 2.1), 
and glyphosate (OR = 1.9), but not for dichlorvos 
(OR = 2.0), carbaryl (OR = 1.4), and malathion 

(OR = 1.4). Risks were generally higher for deceased 
than alive subjects and for older than for younger sub- 
jects. Risks were not elevated for subjects who handled 
the phenoxy herbicides 2,4-dichlorophenoxyacetic 
acid (2,4-D) and 2,4,5-trichlorophenoxyacetic acid 
(2,4,5-T). As previously reported for these data,4 ORs 
for farmers exposed to any chemical class of pesticides 
(e.g., chlorinated hydrocarbon or organophosphate 
insecticides) were not significantly elevated. 

Discussion 
This study of White men in Iowa was designed to 
evaluate the association betweeen MM and agricultural 
risk factors, as well as exposure to individual pesticides. 
There was a slight, nonsignificantly elevated risk for 
MM among farmers (OR = 1.2), with the greatest risk 
seen for farmers of shortest duration (<10 years, 
OR = 2.0). In other studies where positive associations 
with farming have been reported, risks generally have 
been in the range of 1.2 to 2.2.'"' However, two recent 
studies conducted among White men in Missouri10 and 
Nebraska" found no association between MM and 

farming. Various farm-related exposures have been 
suggested as potential risk factors for lymphatic and 
hematopoietic cancers including pesticides, viruses, or 
chronic antigenic stimulation.12 

Positive associations between MM and use of pesti- 
cides in general have been reported previously in some 
studies,3'''36 but not in others.'" In our study, we found 

no significant associations between MM and the hand- 
ling of pesticides in general, classes of pesticides, or 
specific pesticides. Risks were not elevated for 
exposure to phenoxy herbicides as has been reported 
for MM in a recent Swedish study3 and for NHL in a 
number of studies.1-21 The slightly elevated risks seen 
for a number of animal and crop insecticides were often 
greater among deceased than living subjects, suggest- 
ing that other factors such as recall bias or chance, due 
to relatively small numbers of cases and controls or 
multiple statistical comparisons, may play a role. 

This study, where over half of the subjects were 
farmers, found little evidence of an association between 
risk of MM and farming. These data also do not pro- 
vide strong support for an association with specific 
agricultural chemicals. 

References 
1. Blair A, Zahm SH. Cancer among farmers. Occ Med: 

State of the Art Reviews 1991; 6: 335-54. 
2. Riedel DA, Pottern LM. The epidemiology of multiple 

myeloma. Hem/Oncol Clinic North America 1992; 6: 
225-47. 

3. Eriksson M, Karlsson M. Occupational and other 
environmental factors and multiple myeloma: a popu- 
lation based case-control study. Br Ind Med 1992; 49: 
95-103. 

4. Burmeister LF. Cancer in Iowa farmers: Recent results. 
AmJ Ind Med 1990; 18: 295-301. 

5. Brown LM, Blair A, Gibson R, etal. Pesticide exposures 
and other agricultural risk factors for leukemia among 
men in Iowa and Minnesota. Cancer Res 1990; 50: 
6585-91. 

6. Cantor KP, Blair A, Everett G, et al. Pesticide exposures 
and other agricultural risk factors for non-Hodgkin's 
lymphoma among men in Iowa and Minnesota. Cancer 
Res 1992; 52: 2447-55. 

7. WaksbergJ. Sampling methods for random digit dialing. 
J Am Stat Assoc 1978; 73: 40-6. 

8. Dixon WJ, ed. BMDP Statistical Software Manual, Vol- 
ume 2. Berkeley, CA: University of California Press, 
1990:1013-77. 

9. Pearce NE, Smith AH, Fisher DO. Malignant lym- 
phoma and multiple myeloma linked with agricultural 
occupations in a New Zealand cancer registry-based 
study. Am] Epidemiol 1985; 121: 225-37. 

10. Brownson RC, ReifJS. A cancer registry-based study of 
occupational risk for lymphoma, multiple myeloma and 
leukemia. IntJ Epidemiol 1988; 17: 27-32. 

11. Zahm SH, Blair A, Weisenburger DD. Sex differences in 
the risk of multiple myeloma associated with agriculture. 
BrJ Ind Med 1992; 49: 815-6. 

12. Pearce NE, Reif JS. Epidemiologic studies of cancer in 
agricultural workers. AmJ Ind Med 1990; 18: 133-48. 

13. Boffetta P, Stellman SD, Garfinkel L. A case-control 
study of multiple myeloma nested in the American Can- 
cer Society prospective study. Int J Cancer 1989; 43: 
554-9. 

14. Cantor KP, Blair A. Farming and mortality from mul- 

Cancer Causes and Control. Vol 4. 1993 155 



L. M. Brown et al 

tiple myeloma: a case-control study with the use of death 
certificates.JNCI 1894; 72:251-5. 

15. Flodin U, Fredriksson M, Persson B. Multiple myeloma 
and engine exhausts, fresh wood, and creosote: a case- 
referent study. Am ] Ind Med 1987; 12: 519-29. 

16. Morris PD, Koepsell TD, Daling JR, et al. Toxic sub- 
stance exposure and multiple myeloma: a case-control 
study.JNCI 1986; 76: 987-94. 

17. Pearce NE, Smith AH, Howard JK, Sheppard RA, Giles 
HJ, Teague CA. Case-control study of multiple myel- 
oma and farming. BrJ Cancer 1986; 54: 493-500. 

18. Hardell L, Eriksson M, Lenner P. Malignant lymphoma 
and exposure to chemicals, especially organic solvents, 

chlorphenols and phenoxy acids: a case-control study. 
BrJ Cancer 1981; 43: 169-76. 

19. Hoar SK, Blair A, Holmes FF, et aL Agricultural herbi- 
cide use and risk of lymphoma and soft-tissue sarcoma. 
J Am Med Assoc 1986; 256: 1141-7. 

20. Wigle DT, Semenciw RM, Wilkins K, et al. Mortality 
study of Canadian male farm operators: non-Hodgkin's 
lymphoma mortality and agricultural practices in Sas- 
katchewan. JNCI 1990; 82: 575-82. 

21. Zahm SH, Weisenburger DD, Babbitt PA, et al. A case- 
control study of non-Hodgkin's lymphoma and the 
herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) in 
Eastern Nebraska. Epidemiology 1990; 1: 349-56. 

156 Cancer Causes and Control. Vol 4. 1993 


	Article Contents
	p. 153
	p. 154
	p. 155
	p. 156

	Issue Table of Contents
	Cancer Causes & Control, Vol. 4, No. 2 (Mar., 1993), pp. 73-176
	Front Matter [pp. 73-74]
	Research Papers
	Mortality from Lung Cancer and Cardiovascular Diseases among Stainless-Steel Producing Workers [pp. 75-81]
	Epidemiology of the M-Component Immunoglobulin Types of Multiple Myeloma [pp. 83-92]
	Recent Cohort Trends in Malignant Melanoma by Anatomic Site in the United States [pp. 93-100]
	Risk Factors for Renal Cell Carcinoma: Results of a Population-Based Case-Control Study [pp. 101-110]
	Nasopharynx Cancer in Italian Migrants [pp. 111-116]
	Serum Lipids and Left-Sided Adenomas of the Large Bowel: An Extended Study of Self-Defense Officials in Japan [pp. 117-121]
	Tobacco, Alcohol Intake, and Diet in Relation to Adenocarcinoma of the Esophagus and Gastric Cardia [pp. 123-132]
	Migration to Towns, Occupation, Smoking, and Lung Cancer: Experience from the Finnish-Norwegian Lung Cancer Study [pp. 133-141]
	Histologic Types and Hormone Receptors in Breast Cancer in Men: A Population-Based Study in 282 United States Men [pp. 143-151]
	Pesticide Exposures and Multiple Myeloma in Iowa Men [pp. 153-156]
	Are the Known Bladder Cancer Risk-Factors Associated with More Advanced Bladder Cancer? [pp. 157-162]
	Risk Factors for Small Intestine Cancer [pp. 163-169]

	Comment
	Accuracy of Death Certificates in East Germany [p. 171]
	The Authors' Reply [p. 172]

	Letter to the Editor
	Urban-Rural Differences in the Management of Breast Cancer [p. 172]

	Back Matter [pp. 173-176]



