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Most studies evaluating the relationship
between household pesticide exposures and
childhood leukemia suggest that an increased
risk of leukemia is associated with in utero
and postnatal pesticide exposures (1,2).
Nevertheless, previous studies have a number
of limitations. Some of the estimated odds
ratios (ORs) are not precise; that is, they have
wide confidence intervals (3–5). Some studies
have relatively low response rates (5–7) or are
based on small numbers of cases (3,4,6,8,9).
In addition, several study design issues could
have contributed to problems in recall and
reporting of household pesticide exposures,
including source and recruitment of controls,
matching criteria, method and timing of data
collection, imprecise time intervals for which
exposure data were collected, definition of
exposure, and use of surrogate respondents.
Because of the uncertainties in existing data,
there is a compelling need to evaluate further
the relationship between pesticide exposures
and childhood leukemia, and to do so in
studies with improved exposure classification
and reduced differential reporting.

Methods

Study population. During the first phase
(1995–1999) of the Northern California
Childhood Leukemia Study (NCCLS),
patients (0–14 years old) with newly diag-
nosed leukemia were rapidly ascertained from

major clinical centers, usually within 24 hr
after diagnosis. Although case ascertainment
was hospital based, we compared the cases
with those ascertained by the statewide pop-
ulation-based registry (10) and found that
the NCCLS protocol successfully identified
88% of all newly diagnosed childhood
leukemia cases in the San Francisco–Oakland
metropolitan statistical area. Controls were
randomly selected from the statewide birth
certificate files maintained by the California
Department of Health Services (Sacramento,
CA) and 1:1 matched to cases on date of
birth, sex, mother’s race (white, black, or
other), Hispanicity (either parent is Hispanic),
and mother’s county of residence at the time
of child’s birth. These controls were then
traced by using commercially available search-
ing tools. For cases not born in California
(< 10% of all cases), county of residence at
diagnosis was used for the matching. For each
case, the search continued until an eligible
control subject consented to participate in the
study.

To be eligible, each case or control had to
reside in the study area, be under 15 years of
age at the time of diagnosis (or corresponding
date for the control), have at least one parent
or guardian who speaks English or Spanish,
and have no previous history of any malig-
nancy. Approximately 83% of the eligible
cases consented to participate. Among all the

eligible controls approached, 69% consented
to participate. The study protocol was
approved by the Institutional Review Boards
of all collaborating institutions, and written
informed consents were obtained for all par-
ticipating subjects. A total of 162 matched
case–control pairs are included in this analy-
sis. Of the 162 patients, 135 had a diagnosis
of acute lymphoblastic leukemia (ALL).

Data collection. In the NCCLS, detailed
information on household pesticide use,
including the name of each product, intended
purpose (e.g., cockroach control), frequency
of use, and time window of use (3 months
before pregnancy, pregnancy, and years 1, 2,
and 3), was collected through in-home per-
sonal interviews with the primary care giver,
usually the biologic mother, shortly after
diagnosis (corresponding dates for controls).
For cases, the mean interval between diagno-
sis and in-home interview was 4.8 months.
Because potential birth certificate controls
needed to be identified from the birth registry
and traced, the interview of a case usually pre-
ceded the interview of the corresponding con-
trol, with a mean lag time of 9.5 months.

Different types of pesticides were grouped
for analysis. Unless the use of professional ser-
vices was explicitly stated, all products were
assumed to be personally applied. As defined
in this article, insecticide exposures include
professional pest control services, insect repel-
lents, and the use of various products to con-
trol ants, flies, cockroaches, spiders, termites,
and plant/tree insects; herbicide exposures
include professional lawn service and the use
of weed control products; flea control prod-
ucts include indoor foggers, flea collars, flea
soaps or shampoos, and sprays, dusts, or pow-
ders for fleas. The use of flea control products
is directly related to the presence of cats
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The potential etiologic role of household pesticide exposures was examined in the Northern
California Childhood Leukemia Study. A total of 162 patients (0–14 years old) with newly diag-
nosed leukemia were rapidly ascertained during 1995–1999, and 162 matched control subjects
were randomly selected from the birth registry. The use of professional pest control services at any
time from 1 year before birth to 3 years after was associated with a significantly increased risk of
childhood leukemia [odds ratio (OR) = 2.8; 95% confidence interval (CI), 1.4–5.7], and the expo-
sure during year 2 was associated with the highest risk (OR = 3.6; 95% CI, 1.6–8.3). The ORs for
exposure to insecticides during the 3 months before pregnancy, pregnancy, and years 1, 2, and 3
were 1.8 (95% CI, 1.1–3.1), 2.1 (95% CI, 1.3–3.5), 1.7 (95% CI, 1.0–2.9), 1.6 (95% CI,
1.0–2.7), and 1.2 (95% CI, 0.7–2.1), respectively. Insecticide exposures early in life appear to be
more significant than later exposures, and the highest risk was observed for exposure during preg-
nancy. Additionally, more frequent exposure to insecticides was associated with a higher risk. In
contrast to insecticides, the association between herbicides and leukemia was weak and nonsignifi-
cant. Pesticides were also grouped based on where they were applied. Exposure to indoor pesti-
cides was associated with an increased risk, whereas no significant association was observed for
exposure to outdoor pesticides. The findings suggest that exposure to household pesticides is asso-
ciated with an elevated risk of childhood leukemia and further indicate the importance of the tim-
ing and location of exposure. Key words: case–control studies, child, herbicides, insecticides,
leukemia, pesticides. Environ Health Perspect 110:955–960 (2002). [Online 14 August 2002]
http://ehpnet1.niehs.nih.gov/docs/2002/110p955-960ma/abstract.html



and/or dogs in the households, and the per-
centage of households in which the child had
regular contact with cats and/or dogs during
years 1 and 2 was different in cases (57%)
and controls (65%). Therefore, flea control
products were grouped as a separate category.

Individual products were also combined
based on whether they were probably applied
indoors or outdoors, although the question-
naire did not include specific questions about
the exact location of pesticide application. As
defined, indoor pesticide exposures include
professional pest control service; products
used to control ants, flies, cockroaches, spi-
ders, or termites; insect repellent; and indoor
foggers for fleas. Outdoor pesticide exposures
include rat, mouse, gopher, or mole control
products, slug or snail bait, and plant/tree
insect control products.

Frequency indexes for insecticides and
indoor pesticides, which were commonly
administered in households, were calculated
based on how often the products were used
during a defined time window. For each
product, scores of 0, 1, and 2 were assigned
to “did not use,” “used less than 5 times,” and
“used 5 or more times,” respectively.
Occasionally, when a respondent could not
recall the exact frequency of use (~0.6% of all
products), a score of 1.5 was assigned. The
scores of individual products in each category
(i.e., insecticides or indoor pesticides) were
added to obtain a summary frequency index.

Statistical analysis. We performed analy-
ses for overall leukemia and ALL separately.
We used conditional logistic regression to
estimate ORs and 95% confidence intervals
(CI), adjusting for annual household income
in U.S. dollars (three categories: < 30,000,
30,000–75,000, > 75,000).

We separated exposure history by specific
periods of interest. Patients who were diag-
nosed during year 1 and their controls were
excluded from the analysis of household pes-
ticide exposures during year 1 and the risk of
childhood leukemia, because it would be dif-
ficult to decide whether the exposures, if any,
occurred before diagnosis. Similar exclusions
were made for pesticide exposures during the
years 2 and 3 as well, producing a smaller
study population for subgroup analyses.

Results

Cases and controls were similar regarding age,
sex, race, Hispanicity, maternal education,
and maternal age (Table 1). Controls have a
somewhat higher annual household income.

The percentages of a variety of pesticide
exposures during the index child’s first year
are shown in Table 2. Approximately 40% of
the households used pesticides to control
ants, flies, or cockroaches, whereas few fami-
lies administered spider or termite control
products. Individual products were grouped

into several categories, including insecti-
cides, flea control products, herbicides,
indoor pesticides, and outdoor pesticides.
More than half of households used insecti-
cides or indoor pesticides during the 1-year
period. The percentage of pesticide exposures
during other periods varied (detailed data not
shown).

Generally, the analyses of overall childhood
leukemia and ALL yielded similar results. The
use of professional pest control services in each
of the five time frames (3 months before preg-
nancy, pregnancy, and years 1, 2, and 3) was
more common in cases than in controls (Table
3). The ORs associated with the use of profes-
sional pest control service were > 2 for all peri-
ods except for the 3 months before pregnancy.
Although the ORs for different periods were
not exactly the same, a statistically significant
elevated risk of leukemia was observed among
children whose houses were professionally
treated for pests any time during the 4-year
period (OR = 2.8; 95% CI, 1.4–5.7).

The relationship between exposure to
insecticides (excluding flea control products)
and leukemia risk varied across the five

individual time frames, with the highest OR
(2.1) observed for exposure during preg-
nancy and the lowest OR (1.2) for exposure
during year 3 (Table 3). Exposure to insecti-
cides (excluding flea control products) any
time during the 4-year period was associated
with a significantly increased risk of child-
hood leukemia (OR = 2.1; 95% CI,
1.1–4.3). ORs for each increment in fre-
quency index in all time frames were > 1,
which is consistent with the results based on
binary categorization of exposures.
Compared with ORs for children who were
not exposed to insecticides during the 4-year
period (i.e., those who were assigned a fre-
quency index of 0), the ORs for children
who had a frequency index of 1–5 or > 5
were 1.5 (95% CI, 0.6–3.6) and 2.4 (95%
CI, 1.2–5.1), respectively.

The families of controls used more flea
control products than did case families,
which may be due to the fact that more con-
trol families owned cats and/or dogs. The
ORs associated with the use of flea control
products were smaller than 1, but none were
statistically significant.
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Table 1. Characteristics of cases and controls.

Leukemia (162 pairs) ALL (135 pairs)
Cases Controls χ2 test Cases Controls χ2 test

Characteristics No. (%) No. (%) ORa No. (%) No. (%) ORa

Ageb — —
< 12 months 10 (6) 10 (6) 6 (4) 6 (4)
12–23.9 months 12 (7) 12 (7) 9 (7) 9 (7)
2–5 years 86 (53) 86 (53) 80 (59) 80 (59)
6–10 years 35 (22) 35 (22) 29 (22) 29 (22)
11–14 years 19 (12) 19 (12) 11 (8) 11 (8)
Mean (SE) (years) 5.5 (0.3) 5.5 (0.3) 5.3 (0.3) 5.3 (0.3)

Sexb — —
Male 93 (57) 93 (57) 79 (59) 79 (59)
Female 69 (43) 69 (43) 56 (41) 56 (41)

Race/ethnicityb — —
Hispanic 48 (30) 49 (30) 40 (30) 40 (30)
Non-Hispanic white 85 (52) 86 (53) 72 (53) 73 (54)
Non-Hispanic black 5 (3) 5 (3) 2 (1) 2 (1)
Other 24 (15) 22 (15) 21 (16) 20 (15)

Household income ($1,000/year) p = 0.04 p = 0.08
< 15 20 (12) 11 (7) Referent 14 (10) 11 (8) Referent
15–29.9 31 (19) 20 (12) 0.8 (0.3, 2.1) 28 (21) 15 (11) 1.3 (0.4, 3.8)
30–44.9 25 (15) 16 (10) 0.8 (0.3, 2.5) 18 (13) 13 (10) 0.9 (0.3, 3.0)
45–59.9 21 (13) 25 (15) 0.3 (0.1, 0.8) 19 (14) 17 (13) 0.6 (0.2, 1.8)
60–74.9 22 (14) 25 (15) 0.4 (0.1, 1.0) 19 (14) 22 (16) 0.5 (0.2, 1.5)
≥ 75 43 (27) 65 (40) 0.2 (0.1, 0.6) 37 (28) 57 (42) 0.3 (0.1, 1.0)

Maternal education p = 0.59 p = 0.84
≤ High school 59 (36) 52 (32) Referent 47 (35) 43 (32) Referent
> High school but 48 (30) 56 (35) 0.8 (0.4, 1.3) 44 (33) 48 (36) 0.8 (0.5, 1.5)

< Bachelor’s 
≥ Bachelor’s 55 (34) 54 (33) 0.9 (0.5, 1.6) 44 (33) 44 (33) 0.9 (0.5, 1.7)

Maternal age (years) p = 0.52 p = 0.56
< 20 11(7) 11 (7) Referent 9 (7) 10 (7) Referent
20–24 33 (21) 23 (14) 1.5 (0.6, 3.9) 27 (20) 20 (15) 1.5 (0.5, 4.4)
25–29 44 (27) 49 (30) 0.8 (0.3, 2.0) 35 (26) 40 (30) 0.9 (0.4, 2.4)
30–34 55 (34) 54 (33) 1.0 (0.4, 2.5) 47 (35) 42 (31) 1.2 (0.4, 3.4)
≥ 35 18 (11) 25 (15) 0.7 (0.2, 2.0) 16 (12) 23 (17) 0.8 (0.3, 2.4)
Unknown 1 0 1 0
Mean (SE) (years) 28.5 (0.4) 29.5 (0.5) 28.6 (0.5) 29.4 (0.5)

aThe ORs are derived from conditional logistic regression models, without adjusting for any other factors. Numbers in the
parentheses are 95% CIs. bThese are the matching variables. Age means age at diagnosis for cases and age at the corre-
sponding dates for controls. 



Exposure to herbicides during the 4-year
period was not associated with the risk of
childhood leukemia, although the ORs for
exposure during the 3 months before pregnancy
or pregnancy were 1.8 and 1.6, respectively.

Cases were exposed to more indoor pesti-
cides than were the controls in each of the
five time frames (Figure 1). The highest OR
(OR = 2.2; 95% CI, 1.3–3.6) was seen for
indoor pesticide exposures during pregnancy.
The association with indoor pesticide expo-
sure during year 2 or 3 was weaker and not
statistically significant. When all five time
frames were combined, children who were
exposed to indoor pesticides had an increased
risk of leukemia (OR = 1.8; 95% CI,
1.0–3.4). Compared with ORs for children
who were not exposed to indoor pesticides
during the 4-year period (i.e., those who were
assigned a frequency index of 0), the ORs for
children who had a frequency index of 1 to 5
or > 5 were 1.4 (95% CI, 0.6–3.1) and 2.0
(1.0–4.0), respectively. Conversely, the mag-
nitude of association between exposure to
outdoor pesticides and the risk of childhood
leukemia was small, and all the 95% confi-
dence intervals of the ORs included 1
(Figure 1).

Discussion

Existing studies have generated relatively con-
sistent results, indicating that exposure to
household pesticides is associated with an
increased risk of childhood leukemia,
although the subtype of cases included, defini-
tion of exposure, and exposure period of inter-
est differed (4–7,9–13). The results from the
NCCLS provide additional strong support to
the previous observations by distinguishing
between the risks associated with different

types of pest control, demonstrating a
dose–response relationship and indicating the
importance of the timing and location of
exposure.

In the NCCLS, the use of professional
pest control services was significantly associ-
ated with an increased risk of childhood
leukemia, and the magnitude of association
was larger than what was seen for general
insecticide or indoor pesticide exposures. It is
possible that professional pest control agencies
used more concentrated and more persistent
compounds, which could also be more car-
cinogenic. However, it is also likely that the
use of professional pest control services reflects
the severity of pest problems in a specific
household. Professional pest control services
generally apply pesticides throughout the
entire house, whereas people who apply pesti-
cides themselves are more inclined to target a
specific pest infestation. In addition, it may be
easier to remember accurately if the family has
engaged a professional pest control service
than if some family members applied pesti-
cides themselves. Similarly, elevated ORs in
the range of 1.26–2.35 were reported for pro-
fessional treatment against ants and cock-
roaches in a recently published study of
childhood ALL (12). In contrast to our find-
ings, the use of household insecticides by pro-
fessional pest control agencies was not
associated with the risk of acute childhood
leukemia in a German study that included
more than 1,000 cases (13). However, the
prevalence of the use of professional control
services in the German study (2.2% in cases
and 1.7% in controls) was markedly lower
than what was reported in the NCCLS
(33.6% in cases and 21.6% in controls from 3
months before pregnancy through the third

birthday), which would result in limited statis-
tical power to detect such an association in
Germany.

Exposure to general insecticides during
the first few postnatal years is associated with
an increased risk of childhood leukemia in
the NCCLS, which is consistent with previ-
ous studies and showed a dose–response rela-
tionship. In addition, the risk for exposure
during pregnancy was higher than the risks
for exposures after birth. Frequent prenatal
use of household pesticides was also linked to
an increased risk of ALL in another study
(12). It may be inferred that the embryo or
fetus is especially sensitive or susceptible to
carcinogens in the environment. There is evi-
dence that ALL is initiated in utero (14), and
it has been shown that some chromosome
translocation events related to the incidence
of childhood ALL have a prenatal origin
(15,16). An ongoing activity of the NCCLS
is to determine whether selected transloca-
tions can be backtracked to birth. Correlating
environmental exposures during pregnancy
with chromosome translocations present at
birth will likely help illustrate the natural his-
tory of childhood leukemia and the timing of
key exposures and mutational events.

There is a considerable overlap between
the definitions of insecticides and indoor pes-
ticides, and the results regarding indoor pesti-
cide use were similar to what was seen for
insecticides. Reported exposure to herbicides
during the 4-year period was not associated
with leukemia risk, although an elevated and
insignificant risk was observed for exposure
before and during pregnancy. Consistent
with a newly completed ecologic assessment
of agricultural pesticide use and childhood
leukemia conducted in California (17), no
significant association between outdoor pesti-
cide exposures and leukemia risk was
observed. There could have been some mis-
classification in terms of indoor and outdoor
pesticide use. For example, pesticides used to
control rats and mice are usually applied out-
side of the house, but it is also possible 
that they are sometimes applied inside.
Misclassification between indoor and outdoor
exposures would have made the differences
between these two categories smaller.

The NCCLS has several design features
that are improvements over existing studies.
Unlike several previous studies that used ran-
dom digit dialing to select controls, the
NCCLS employed a new protocol to select
population-based controls. Controls were ran-
domly selected from the California statewide
birth registry, and a methodologic evaluation
indicated that the birth certificate controls
well represented the population base from
which the cases arose (18). Only incident cases
were included in the NCCLS, and controls
were selected concurrently, which significantly
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Table 2. Proportion of pesticide exposures during year 1.

Percent in cases Percent in controls Adjusted ORb

Type of exposure (n = 152a) (n = 152a) (95% CI)

Individual exposure
Professional pest control or extermination 16 11 2.3 (1.1–4.9)
Professional lawn service 9 12 0.9 (0.4–2.0)
Ant, fly, or cockroach control products 38 39 1.1 (0.7–1.9)
Spider control products 1 1 1.5 (0.1–25.6)
Termite control products 1 0 Not calculable
Rat, mouse, gopher, or mole control products 4 7 0.6 (0.2–1.7)
Insect repellent for ticks or mosquitoes 11 8 1.7 (0.6–4.4)
Slug or snail bait 17 16 1.5 (0.8–2.7)
Plant/tree insect or disease control products 7 10 0.8 (0.4–1.6)
Weed control products 18 23 0.7 (0.3–1.7)
Indoor foggers for fleas 5 7 0.6 (0.3–1.8)
Flea collars 11 16 0.6 (0.3–1.2)
Flea soaps or shampoos 11 15 0.8 (0.4–1.5)
Sprays, dusts, or powders for fleas 6 7 1.0 (0.4–2.6)

Combined exposure
Insecticides 59 50 1.7 (1.0–2.9)
Flea control products 22 28 0.8 (0.5–1.4)
Herbicides 23 33 0.7 (0.4–1.2)
Indoor pesticides 59 51 1.6 (1.0–2.7)
Outdoor pesticides 24 24 1.2 (0.7–2.2)

aTen cases diagnosed under 1 year of age were excluded, as were their matched controls. bThe ORs were derived from
conditional logistic regression models, adjusting for annual household income. 



reduced the lag time between diagnosis (corre-
sponding date for controls) and interview.
This should have made the reported exposure
history more reliable. In contrast to many pre-
vious studies that collected data through
mailed questionnaire or telephone interview,
detailed history on household pesticides expo-
sure was obtained through in-home personal
interviews in the NCCLS. In addition, the
NCCLS was one of the first studies specifi-
cally designed to address critical windows of
exposure, that is, the timing of household pes-
ticide exposures relative to a child’s concep-
tion and development.

Recall bias cannot be ruled out in any
case–control study that relies on exposures
reported by the subjects, and the NCCLS is no
exception. It is possible that the respondents,
usually the biologic mothers, falsely claimed or
forgot to mention certain exposures depending
on whether the child was a patient with

leukemia. However, mothers of the controls
reported more usage of flea control products
than the cases, which is consistent with the
increased reported contact with cats and/or
dogs in controls. In addition, the ORs associ-
ated with exposures to several pesticide cate-
gories varied by type and across different time
frames, which provided some assurance that
the observed associations were not due to gen-
eral overreporting of exposures among mothers
of leukemia cases, but instead may provide evi-
dence for the effects of pesticide exposures at
critical periods in a child’s development.

A difference in annual household income
between cases and controls was observed in
this study, hence the decision to adjust for it
in the analysis. In addition, a separate analysis
was conducted excluding subjects with an
annual income of less than $30,000, and the
results were not systematically different (data
not shown).

Results presented here are limited to broad
types of pesticides; no specific chemicals are
identified at this stage of analysis. It is cer-
tainly preferable to identify specific chemicals
associated with the risk of leukemia so that
preventive measures could be taken. The
names of all products were recorded in the
NCCLS, and the Environmental Protection
Agency registration number on each of the
pesticide containers will be obtained during a
follow-up visit to the homes of selected cases
and controls, with the ultimate goal of deter-
mining the specific chemicals rather than
generic types of pesticides associated with
increased risks. Based on household invento-
ries conducted in California and Minnesota,
the most common home insecticides included
piperonyl butoxide, chlorpyrifos, pyrethrins,
and propoxur (19,20). In California, the insec-
ticides most frequently applied by professional
pest control services for structural pest control
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Table 3. Exposure to insecticides, flea control products, and herbicides by time and the risk of childhood leukemia.

Leukemia ALL
Type of exposure Cases Controls Adjusted ORa Cases Controls Adjusted ORa

Professional pest control
3 months before pregnancy (n = 162/135b)

No 146 150 Referent 120 125 Referent
Yes 16 12 1.7 (0.7–3.9) 15 10 1.9 (0.7–4.7)

During pregnancy (n = 162/135b)
No 140 148 Referent 115 123 Referent
Yes 22 14 2.2 (1.0–4.8) 20 12 2.3 (0.9–5.4)

Year 1 (n = 152/129b)
No 127 136 Referent 107 104 Referent
Yes 25 16 2.3 (1.1–4.9) 22 15 2.1 (1.0–4.7)

Year 2 (n = 140/120b)
No 109 125 Referent 91 105 Referent
Yes 31 15 3.6 (1.6–8.3) 29 15 3.3 (1.4–7.7)

Year 3 (n = 116/98b)
No 93 101 Referent 77 84 Referent
Yes 23 15 2.2 (1.0–4.7) 21 14 2.1 (1.0–4.7)

3 months before pregnancy to 3 years old (n = 116/98b)
No 77 91 Referent 62 74 Referent
Yes 39 25 2.8 (1.4–5.7) 36 24 2.6 (1.2–5.4)

Insecticides (excluding flea control products)
3 months before pregnancy (n = 162/135b)

No 99 113 Referent 82 93 Referent
Yes 63 49 1.8 (1.1–3.1) 53 42 1.7 (1.0–3.1)

Each increment in frequency index 1.2 (1.0–1.5) 1.2 (0.9–1.6)
During pregnancy (n = 162/135b)

No 83 106 Referent 67 89 Referent
Yes 79 56 2.1 (1.3–3.5) 68 46 2.3 (1.3–4.0)

Each increment in frequency index 1.1 (1.0–1.2) 1.1 (1.0–1.2)
Year 1 (n = 152/129b)

No 62 76 Referent 54 66 Referent
Yes 90 76 1.7 (1.0–2.9) 75 63 1.7 (1.0–2.9)

Each increment in frequency index 1.2 (1.0–1.4) 1.2 (1.0–1.4)
Year 2 (n = 140/120b)

No 50 62 Referent 42 53 Referent
Yes 90 78 1.6 (1.0–2.7) 78 67 1.7 (1.0–2.9)

Each increment in frequency index 1.1 (1.0–1.3) 1.1 (1.0–1.3)
Year 3 (n = 116/98b)

No 40 44 Referent 33 36 Referent
Yes 76 72 1.2 (0.7–2.1) 65 62 1.1 (0.6–2.1)

Each increment in frequency index 1.0 (0.9–1.2) 1.0 (0.9–1.2)
3 months before pregnancy to 3 years old (n = 116/98b)

No 23 36 Referent 18 30 Referent
Yes 93 80 2.1 (1.1–4.3) 80 68 2.2 (1.0–4.6)

Each increment in frequency index 1.0 (1.0–1.1) 1.0 (1.0–1.1)

Continued, next page



purposes are piperonyl butoxide, pyrethrins,
chlorpyrifos, and diazinon (21).

Parental occupational exposure to chemi-
cals such as pesticides and solvents has also
been suggested as a risk factor for childhood
leukemia (2,13,22). Detailed occupational
histories were obtained in the NCCLS, but
these data are not yet available for analysis.
Children living in agricultural communities
can also be exposed to pesticides from agricul-
tural use (23). Agricultural pesticide use is
high in some areas of California, with over
170,000 children living in communities aver-
aging more than 500 pounds of use per
square mile for pesticides classified as proba-
ble carcinogens (24). It will be more informa-
tive when exposures from household, parental
occupations and nearby agricultural applica-
tions can be evaluated jointly, which is a goal
of the NCCLS. Ultimately, studies with envi-
ronmental or biologic monitoring are needed
to determine the relationship between pesti-
cide exposure and childhood leukemia.

Another potential limitation of the study
is the relatively small sample size, which

reduces the power of the study to detect low-
level risks. On the other hand, this study did
consistently detect risks of 2-fold or greater,
and the matched design improves the preci-
sion of statistical analyses (25). The NCCLS

is currently underway and will enroll subjects
until 2003. The expansion of the study popu-
lation, added detail on chemical constituents,
and more specific and complete exposure
classification will provide more information
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Table 3. Continued. 

Leukemia ALL
Type of exposure Cases Controls Adjusted ORa Cases Controls Adjusted ORa

Flea control products
3 months before pregnancy (n = 162/135b)

No 136 130 Referent 113 106 Referent
Yes 26 32 0.9 (0.5–1.7) 22 29 0.8 (0.4–1.6)

During pregnancy (n = 162/135b)
No 135 128 Referent 113 105 Referent
Yes 27 34 0.8 (0.4–1.4) 22 30 0.7 (0.4–1.4)

Year 1 (n = 152/129b)
No 118 110 Referent 98 91 Referent
Yes 34 42 0.8 (0.5–1.4) 31 38 0.9 (0.5–1.6)

Year 2 (n = 140/120b)
No 105 98 Referent 88 83 Referent
Yes 35 42 0.9 (0.5–1.5) 32 37 1.0 (1.5–1.8)

Year 3 (n = 116/98b)
No 90 81 Referent 74 68 Referent
Yes 26 35 0.8 (0.4–1.4) 24 30 0.9 (0.5–1.7)

3 months before pregnancy to 3 years old (n = 116/98b)
No 76 71 Referent 62 59 Referent
Yes 40 45 0.9 (0.5–1.6) 36 39 1.0 (0.5–1.8)

Herbicides
3 months before pregnancy (n = 162/135b)

No 131 139 Referent 111 117 Referent
Yes 31 23 1.8 (0.9–3.5) 24 18 1.6 (0.8–3.3)

During pregnancy (n = 162/135b)
No 128 133 Referent 105 112 Referent
Yes 34 29 1.6 (0.9–3.0) 30 23 1.8 (0.9–3.5)

Year 1 (n = 152/129b)
No 117 102 Referent 97 86 Referent
Yes 35 50 0.7 (0.4–1.2) 32 43 0.8 (0.4–1.4)

Year 2 (n = 140/120b)
No 100 95 Referent 84 80 Referent
Yes 40 45 1.1 (0.7–2.0) 36 40 1.1 (0.6–2.0)

Year 3 (n = 116/98b)
No 83 81 Referent 67 67 Referent
Yes 33 35 1.1 (0.6–2.1) 31 31 1.2 (0.6–2.3)

3 months before pregnancy to 3 years old (n = 116/98b)
No 78 75 Referent 63 61 Referent
Yes 38 41 1.0 (0.6–1.8) 35 37 1.0 (0.6–1.8)

aThe ORs were derived from conditional logistic regression models, adjusting for annual household income; numbers in parentheses are 95% CIs. bNumber of case–control pairs avail-
able for the specific analysis.
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Figure 1. Indoor and outdoor pesticide exposures and the risk of childhood ALL. The boxes are estimated
ORs; vertical bars reflect upper and lower limits of 95% CIs.
*Adjusted for annual household income. 



regarding pesticide exposures and the risk of
childhood leukemia.

In summary, the findings from the pre-
sent study suggest that exposure to household
pesticides is associated with an elevated risk of
childhood leukemia and further indicate the
importance of the timing and location of
exposure.

REFERENCES AND NOTES

1. Daniels JL, Olshan AF, Savitz DA. Pesticides and childhood
cancers. Environ Health Perspect 105:1068–1077 (1997).

2. Zahm SH, Ward MH. Pesticides and childhood cancer.
Environ Health Perspect 106(suppl 3):893–908 (1998).

3. Davis JR. Childhood Cancer and Pesticide Use in the
Home, Garden and Yard [PhD Thesis]. Berkeley, CA:
Department of Entomological Sciences, University of
California, Berkeley, 1991.

4. Lowengart RA, Peters JM, Cicioni C, Buckley J, Bernstein
L, Preston-Martin S, Rappaport E. Childhood leukemia and
parents’ occupational and home exposures. J Natl Cancer
Inst 79:39–45 (1987).

5. Schwartzbaum JA, George SL, Pratt CB, Davis B. An
exploratory study of environmental and medical factors
potentially related to childhood cancer. Med Pediatr
Oncol 19:115–121 (1991).

6. Leiss JK, Savitz DA. Home pesticide use and childhood
cancer: a case-control study. Am J Public Health
85:249–252 (1995).

7. Buckley J, Buckley C, Ruccione K, Sather H, Waskerwitz
M, Woods W, Robison L. Epidemiological characteristics
of childhood acute lymphocytic leukemia. Analysis by
immunophenotype. Leukemia 8:856–864 (1994).

8. Fajardo-Gutierrez A, Garduno-Espinosa J, Yamamoto-
Kimura L, Hernandez-Hernandez DM, Mejia-Arangure M,
Gomez-Delgado A, Farfan-Canto JM, Ortiz-Fernandez A,
Martinez-Garcia MDC. Factores de riesgo asociados al
desarrollo de leucemia en niños. Bol Med Hosp Infant
Mex 50:248–257 (1993).

9. Meinert R, Kaatsch P, Kaletsch U, Krummenauer F,
Miesner A, Michaelis J. Childhood leukaemia and expo-
sure to pesticides: results of a case-control study in
northern Germany. Eur J Cancer 32A:1943–1948 (1996).

10. California Cancer Registry. Unpublished data.
11. Buckley JD, Robison LL, Swotinsky R, Garabrant DH, LeBeau

M, Manchester P, Nesbit ME, Odom L, Peters JM, Woods
WG, et al. Occupational exposures of parents of children
with nonlymphocytic leukemia: a report from the Children’s
Cancer Study Group. Cancer Res 49:4030–4037 (1989).

12. Infante-Rivard C, Labuda D, Krajinovic M, Sinnett D. Risk
of childhood leukemia associated with exposure to pesti-
cides and with gene polymorphisms. Epidemiology
10:481–487 (1999).

13. Meinert R, Schuz J, Kaletsch U, Kaatsch P, Michaelis J.
Leukemia and non-Hodgkin’s lymphoma in childhood and
exposure to pesticides: results of a register-based case-
control study in Germany. Am J Epidemiol 151:639–646
(2000).

14. Ford AM, Ridge SA, Cabrera ME, Mahmoud H, Steel CM,
Chan LC, Greaves M. In utero rearrangements in the
trithorax-related oncogene in infant leukemias. Nature
363:358–360 (1993).

15. Wiemels JL, Cazzaniga G, Daniotti M, Eden OB, Addison
GM, Masera G, Saha V, Biondi A, Greaves MF. Prenatal
origin of acute lymphoblastic leukaemia in children.
Lancet 354:1499–1503 (1999). 

16. Wiemels JL, Ford AM, Wering ERV, Postma A, Greaves M.
Protracted and variable latency of acute lymphoblastic
leukemia after TEL-AML1 gene fusion in utero. Blood
94:1057–1062 (1999).

17. Reynolds P, Von Behren J, Gunier R, Goldberg D, Hertz A,
Harnly M. Childhood cancer and agricultural pesticide
use: an ecological study in California. Environ Health
Perspect 110:319–324 (2002).

18. Ma X, Layefsky M, Reynolds P, Buffler PA. Strategies for
control selection in case-control studies: an evaluation of
two methods [Abstract]. Am J Epidemiol 153:S258 (2001).

19. Robinson J, Pease W, Albright D, Morello-Frosch R.
Pesticides in the Home and Community: Health Risks and
Policy Alternatives. Berkeley, CA: California Policy Seminar,
1994;85–91.

20. Adgate JL, Kukowski A, Stroebel C, Shubat PJ, Morrell S,
Quackenboss JJ, Whitmore RW, Sexton K. Pesticide stor-
age and use patterns in Minnesota households with chil-
dren. J Expos Anal Environ Epidemiol 10:159–167 (2000).

21. California Department of Pesticide Regulation. Environmental
Monitoring and Pest Management Branch. Pesticide Use
Reporting Data 1998. Data file. Sacramento, CA:California
Department of Pesticide Regulation, 1999.

22. Shu XO, Stewart P, Wen W-Q, Han D, Poter JD, Buckley
JD, Heineman E, Robison LL. Parental occupational expo-
sure to hydrocarbons and risk of acute lymphocytic
leukemia in offspring. Cancer Epidemiol Biomarkers Prev
8:783–791 (1999).

23. Lu C, Fenske RA, Simcox NJ, Kalman D. Pesticide expo-
sure of children in an agricultural community: evidence of
household proximity to farmland and take home exposure
pathways. Environ Res 84:290–302 (2000).

24. Gunier RB, Harnly ME, Reynolds P, Hertz A, Von Behren J.
Agricultral pesticide use in California: pesticide prioritiza-
tion, use densities, and population distributions for a child-
hood cancer study. Environ Health Perspect 109:1071–1078
(2001).

25. Cochran W. Planning and Analysis of Observational
Studies. New York:John Wiley and Sons, 1983.

Children’s Health • Ma et al.

960 VOLUME 110 | NUMBER 9 | September 2002 • Environmental Health Perspectives




