
Asthma history, occupational exposure to pesticides and the risk
of non-Hodgkin’s lymphoma

Won Jin Lee1, Mark P. Purdue2, Patricia Stewart2, Maryjean Schenk3, Anneclaire J. De
Roos4, James R. Cerhan5, Richard K. Severson3, Wendy Cozen6, Patricia Hartge2, and
Aaron Blair2,*
1 Department of Preventive Medicine, College of Medicine, Korea University, Seoul, Korea

2 Division of Cancer Epidemiology and Genetics, National Cancer Institute, National Institutes of
Health, Rockville, MD, USA

3 Department of Family Medicine and Karmanos Cancer Institute, Wayne State University, Detroit,
MI, USA

4 Program in Epidemiology, Fred Hutchinson Cancer Research Center and the Department of
Epidemiology, University of Washington, Seattle, Washington, USA

5 Department of Health Sciences Research, Mayo Clinic College of Medicine, Rochester, MN, USA

6 Department of Preventive Medicine, Norris Comprehensive Cancer Center, University of Southern
California School of Medicine, Los Angeles, CA, USA

Abstract
We previously reported that, although asthma did not increase the risk of non-Hodgkin’s lymphoma
(NHL), the risk from pesticide exposures was higher among asthmatics than that among
nonasthmatics. To further evaluate this finding, we analyzed data from a population-based case–
control study of NHL conducted in Iowa, Detroit, Los Angeles and Seattle. Cases (n = 668) diagnosed
with NHL from 1998 to 2000 and controls (n = 543) randomly selected from the same geographical
areas as that of the cases were included in this analysis. Odds ratios (OR) for the risk of NHL from
potential occupational exposure to pesticides tended to be higher among asthmatics (OR = 1.7; 95%
CI 0.3–9.1) when compared with that among nonasthmatics (OR = 0.9; 95% CI 0.6–1.5). The risks
of NHL associated with pesticide exposure were also higher among asthmatics who had history of
hospitalization (OR = 2.1; 95% CI 0.2–29.0) or daily medication for asthma (OR = infinite) than
those among asthmatics who did not have such histories. Our results support the previous finding
that the risk of NHL from pesticide exposure may be greater among asthmatics.
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Pesticides are the suspected risk factors for non-Hodgkin’s lymphoma (NHL)1–3 and immune
system alterations.4,5 Asthma, a chronic immune-related disease, has also been studied as a
potential risk factor for NHL.6,7 However there is an ongoing debate as to whether there is a
link between a history of asthma and NHL risk.8 Because both pesticide exposure and asthma
may affect the risk of NHL through immunologic alterations, it has been hypothesized that the
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combination of these conditions might interact in putting individuals at special risk. A previous
study of agricultural pesticide exposure, asthma and the risk of NHL found that the risk of NHL
from pesticide exposure was higher among asthmatics than that among nonasthmatics.9
However, the study population was small, and there was a need to investigate whether this
interaction might be further influenced by asthma severity. Therefore, we examined the relation
between NHL and pesticide exposure by correlation with asthma history in a population-based
case–control study10 conducted within the Surveillance, Epidemiology and End Results
(SEER) Program of the National Cancer Institute (NCI).

Material and methods
Study population

The NCI SEER case–control study of NHL has been described previously.10,11 In brief,
between July 1998 and June 2000, subjects were enrolled from 4 US SEER registry areas: Iowa
State, Los Angeles County, Seattle and Detroit metropolitan area. Eligible cases were
individuals 20–74 years old with incident NHL. Controls were selected from the general
population in the 4 registry areas, stratified on the basis of: age in 5-year intervals, sex and
race, to match the distribution in the cases. Trained interviewers administered a computer-
assisted personal interview in the home, which covered a wide variety of topics, including
demographic factors, diet, pesticide use, medical history, occupation and asthma history. The
study was approved by the institutional review boards at the NCI, and the participating
institutions and study participants provided informed consent. Among all eligible subjects who
we were able to contact, 1,321 case patients (76%) and 1,057 control subjects (52%)
participated in the study. Two self-administered questionnaires were used to gather additional
information; each went to about 1 half of the participants. Information on asthma was obtained
in 1 of these self-administered questionnaires, and 685 cases and 663 controls answered the
questions about asthma. After excluding subjects for whom information on occupational
history was unavailable (17 cases and 120 controls), the final study sample consisted of 668
cases and 543 controls.

Pesticide exposure assessment
We estimated the level of potential pesticide exposure for each occupation during the subject’s
lifetime using a job exposure matrix approach developed by an industrial hygienist (P. Stewart).
Scores reflecting the relative probability of pesticide exposure, the relative level of exposure
and the confidence of exposure coding were assigned (from 0 = lowest to 4 = highest for each
of the 3 categories) for insecticides, herbicides and fungicides separately. If an individual
reported, during the interview, to have handled pesticides in the workplace, the relative
probability scores were changed to 4 and confidence of exposure coding scores of less than 3
were raised by 1. We divided the subjects into 3 levels of occupational pesticide exposure as
belonging to: (i) “probably unexposed” (i.e., individuals who were not working in an
environment where there was a likelihood of pesticide exposure (probability and level equalled
zero) to any pesticide class); (ii) “exposure uncertain” (i.e., individuals who never worked in
an environment that met the criteria for being classified as “probably unexposed” or “probably
exposed”); and (iii) “probably exposed” (i.e., individuals who have always been working in
an environment that met the criteria for being assigned a probability of exposure ≥3, level of
exposure ≥2 and a confidence of exposure coding ≥2 for any pesticide class).

Statistical analysis
We used unconditional logistic regression with Stata software (version 8.0)12 to estimate odds
ratios (ORs) and 95% confidence intervals (CIs) for combinations of pesticide exposure and
asthma history. The reference group was the nonasthmatics classified as “probably unexposed”
to pesticides (i.e., individuals who had no probable exposure to pesticides in any job, and who
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did not have asthma). The baseline logistic model included age (<45, 45–64, ≥65), sex, race
(black, white, others) and study center (Iowa, Detroit, Los Angeles and Seattle). We estimated
the risk of NHL by level of pesticide exposure and by correlation with asthma history (such as
hospitalization and daily medication). We also attempted to examine multiplicative interactions
among asthma history, pesticide exposure and risk of NHL.

Results
Table I shows the distribution of the 668 cases and 543 controls by asthma history, age, sex,
race and state of residence. Of the total, 123 (10.2%) subjects reported having been told by a
physician that they had asthma. No significant differences were observed between cases and
controls in the asthmatic group, but nonasthmatic NHL cases were significantly more likely
(than nonasthmatic controls) to be white and to be living in Detroit.

We observed no effect on NHL risk of pesticide exposure among nonasthmatics (OR = 0.9;
95% CI 0.6–1.5) and no effect of asthma history among subjects unexposed to pesticides (OR
= 0.9; 95% CI 0.5–1.6). Asthmatic subjects with probable pesticide exposure, however, had a
higher risk of NHL (OR = 1.7; 95% CI 0.3–9.1) than nonasthmatics (OR = 0.9; 95% CI 0.6–
1.5), although the interaction between asthma and pesticide exposure was not statistically
significant (p = 0.38) (Table II). The risk of NHL associated with probable pesticide exposure
appears to be increased when subjects had always hospitalized, or had taken daily medication
for asthma. However, all results were based on a small number of asthmatic NHL cases.

Discussion
Although asthma alone does not appear to increase the risk of NHL in these data, asthmatics
with potential exposure to pesticides had a higher relative risk of NHL than nonasthmatics
exposed to pesticides. Although numbers are small and this could be a chance finding, these
results are consistent with a previous study9 and support the hypothesis of effect modification
between asthma and pesticide exposure in the development of NHL. When asthma is regarded
as a hyperactive state of the immune system, it is usually assumed to reflect a shift in the T-
lymphocyte response away from the T-helper 1 towards a T-helper 2 dominated activity. This
skewing of the immune response towards the T-helper 2 phenotype by conditions such as
asthma could exacerbate the effects of pesticides, some of which are known to inhibit some
aspects of the immune system.13 There is no direct evidence, however, that pesticides skew
the immune response toward the T-helper 2 phenotype. Asthmatics may also have increased
susceptibility to carcinogens because of their impaired mucociliary system and pulmonary
function.14 Some organophosphorus pesticides also inhibit a different type of the immune
response, e.g., cytotoxic T lymphocytes or natural killer cells,15 and these inhibitory effects
impair immune surveillance and cytotoxic functions,16 so that the combination of asthma and
pesticide exposure eliminates more than 1 mechanism of immunosurveillance.

A limitation of our study is that asthma case definition was based on self report and
misclassification is likely. Reported hospitalization or daily use of medications was used to
define asthma in order to minimize this problem and to identify more severe cases. Although
numbers were small, the excess of NHL among persons probably exposed to pesticides
persisted in this group. It is possible, however, that the excess could be generated from
medicines taken for asthma, which may facilitate development of NHL due to their cellular
and humoral immunosuppression.17,18 Assessment of pesticide exposure is also a limitation
of our study. The job exposure matrix was based on job title and industry, which undoubtedly
leads to misclassification due to differing tasks within the same job and industry codes. This
misclassification would probably be nondifferentional and would, thus, lead to an
underestimation of the association between pesticide exposure and NHL risk.
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An important strength of our study is its use of population-based sampling of NHL cases and
controls, which allows a generalization of our results to the general population. The lifetime
prevalence of asthmatics in this study (10.2%) is virtually identical to that reported in the United
States in 2000 (10.4%).19

In summary, asthma and possible exposure to pesticides appears to increase the risk of NHL,
which is consistent with a previous study. The excess risk among asthmatics with pesticide
exposure were more pronounced when subjects had ever been hospitalization or taken daily
medication for asthma. Numbers, however, are small, which underscores the need for further
evaluation of the interplay between environmental exposures, immunologic conditions and risk
of NHL.
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