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ABSTRACT 

 

Methodological Issues in Exposure Assessment for Studies of Childhood Leukemia 

by 

Danna Aharon Slusky 

Doctor of Philosophy in Epidemiology 

University of California, Berkeley 

Professor Patricia A. Buffler, Chair 

 
This dissertation examined several methodological aspects of case control studies 

potentially influencing the association of environmental exposures with the risk of 
childhood leukemia.  These aspects included the role of SES and racial distribution on 
subjects’ participation, the role of selection bias on the association between EMF and 
childhood leukemia, as well as reproducibility of self-reports of household pesticide 
exposure.  The research presented in this dissertation was made possible by the Northern 
California Childhood Leukemia Study, an ongoing population-based case-control study, 
which commenced in 1995.  Results of meta-analyses suggest that in interview based 
case-control studies, cases were more likely to be non-White than White with an overall 
OR of 1.37 (95% CI 1.13, 1.67).  In contrast, in the record-based studies cases, compared 
to controls, were less likely to be non-White than White, with an overall OR of 0.81 
(95% CI 0.72,0.91).  Results also indicated that SES was inversely associated with 
childhood leukemia while using interview based study design while positive association 
was observed while using record based study design.   

 
Chapter Four of this dissertation examined the association between childhood 

leukemia and extremely low frequency of magnetic fields (measured by wire coding) 
with an emphasis on selection bias.  Results indicated that the observed risk estimate 
depends on the selected control group.  The odds ratios (OR) for developing childhood 
leukemia in the high-current configurations category were 1.43 (95% confidence interval 
(CI): 0.91, 2.26) compared to the first choice participant controls, while no associations 
were observed when compared to non-first choice participant controls (OR=1.06, 95% 
CI: 0.71-1.60) or first choice non-participant controls (OR=1.06, 95% CI: 0.71-1.57).  
Overall, no association was found between childhood leukemia and EMF as measured by 
wire configuration codes.  Ideal (participating and non-participating) cases assigned to 
high-current configurations experience a non-significant increased risk of childhood 
leukemia, when compared to the ideal controls (OR=1.18, 95% CI: 0.85-1.64).   

 
Chapter Five assessed the reproducibility of maternal-reported household use of 

pesticides and potential differential recall between cases and controls.  Results indicated 
that the Kappa statistics ranged from 0.31 to 0.61 (fair to substantial agreement), with 9 
out of the 12 tests indicating moderate agreement.  The percent positive agreement 
ranged from 46-80% and the percent negative agreement from 54-95%.  Results indicated 

1

 



 

2

that the reliability of self-reported exposures for all pesticide categories using the three 
reliability measures did not differ markedly for cases and controls as confirmed by 
bootstrap analysis.   
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CHAPTER ONE 

Overview on Childhood Leukemia and Potential Bias in Exposure Assessment: 

Characteristics of the Northern California Childhood Leukemia Study and  

Research Questions 

1

 



CHILDHOOD LEUKEMIA 

 
Childhood leukemia is the most common childhood cancer (0–14 years of age), 

with more than 3,250 cases diagnosed annually in the United States (1).  Childhood 
leukemia is a heterogeneous disease and consists of 75-80% acute lymphoblastic 
leukemia (ALL), 20% acute myeloid leukemia (AML), 2% chronic myeloid leukemia 
(CML), and rarely chronic lymphocytic leukemia (CLL) (2).  Recently, greater 
heterogeneity of childhood leukemias has been recognized, and they have been 
subclassified according to their cytogenetics (3).   

Incidence of ALL peaks at 2–3 years of age to 80 per million and decreases to a 
rate of 20 per million for 8-10 year olds.  Leukemia rates are substantially higher for 
white children than for black children, with rates of 45.6 versus 27.8 per million for the 
period from 1986-95 (1).  Incidence has shown a modest increase, less than 1% annually, 
between 1975 and 2002 in the U.S.  This increase occurred mostly between 1975 and 
1988 during which the incidence increased an average of 1.3% per year (1, 4, 5).  The 
incidence of childhood leukemia in the U.S. stabilized between 1988 and 2002, during 
which time the annual percent change was 0.2% (5).  However, the annual percent 
change between 2003 and 2007 was 0.6% (6). 

Childhood leukemia is a cancer of immature lymphoid or myeloid progenitor cells 
derived from clonally expanded dysregulated cells that have encountered a series of 
catastrophic alterations within key regulatory genes (7).  Acute leukemia is 
heterogeneous, characterized by different genetic and chromosomal abnormalities, with 
differing frequency by age (8).  The two step model for childhood leukemia proposes that 
leukemia development occurs after both a first mutation, usually a chromosomal 
translocation occurring in utero, and a second mutation occurring after birth (8, 9).  
Chromosomal translocations are commonly present in childhood leukemia and many of 
the chromosomal translocations are present before birth (10).  The most frequent 
translocations associated with ALL and AML are TEL-AML1 [t(12;21), 20% of ALL] 
and AML1-ETO [t(8;21), 15% of AML], respectively (10).  

The etiology of childhood leukemia remained largely unknown, with recognized 
risk factors explaining less than 10% of the cases (11).  The difficulty in finding the 
etiology arises from the fact that pediatric leukemia, like most cancers, have multifactoral 
etiologies involving gene environment interaction (11).  Established risk factors for ALL 
include sex, age, race, ionizing radiation, chemotherapeutic agents, and several genetic 
syndromes, but these together account for only a small proportion of childhood ALL 
cases diagnosed (12-14).  

 Other potential risk factors that have received some attention in the scientific 
literature include parental smoking (15, 16), alcohol consumption (17) (18), 
preconceptual paternal occupational exposure to solvents (19), hydrocarbons, reduced 
exposure and occurrence of common infections during childhood and allergies (20-23),  
socioeconomic factors, electromagnetic fields (24, 25), and pesticides (26, 27).  The latter 
three will be further discussed in this dissertation. 
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ELECTROMAGNETIC FIELDS AND CHILDHOOD LEUKEMIA 

 
The association between extremely low-frequency (ELF) magnetic field (MF) and 

childhood leukemia has been extensively studied since the first publication in 1979 by 
Wertheimer and Leeper (28).  Since then, more than 25 epidemiological studies have 
been conducted on this topic, with major improvements in exposure assessment over 
time.  A summary of these studies is presented in Table 1.  Most of these studies were 
included in two pooled analyses published in 2000 by Greenland et al. (29) and Ahlbom 
et al. (30), including original data from 15 and nine studies, respectively.  Greenland et al. 
indicated no association between childhood leukemia and MF levels less than 0.3 µT, but 
reported a statistically significant 1.7-fold increased risk for MF levels over 0.3 µT, 
compared to reference MF levels less than 0.1 µT.  Based on four studies with both wire 
code and MF measurement data (31-34), the summary effect estimate for VHCC (very 
high current configurations) vs. LCC (low current configurations) was elevated after 
adjusting for MF levels (OR=1.6; 95% CI: 1.2–2.3) (29).  The second pooled analysis by 
Ahlbom et al. used more restrictive inclusion criteria and similar to the results by 
Greenland et al., indicated no apparent association between MFs and childhood leukemia 
below MF exposure level of 0.4 µT.  However, the summary odds ratio for exposure >0.4 
µT as compared with exposure <0.1 µT was 2.1 (95% CI: 1.3 -3.3) (30).   

Following these two pooled analysis in 2002,  the International Agency for 
Research on Cancer (IARC) classified power-frequency magnetic field as a possible 
human carcinogen (group 2B) (35).  In addition, the International Commission for Non-
Ionizing Radiation Protection (ICNIRP) Standing Committee on Epidemiology concluded 
that among all the health outcomes evaluated in epidemiological studies of ELF-MF, the 
strongest evidence for an association exists between childhood leukemia and post-natal 
exposure to MFs at levels greater than 0.4 µT (36).   

In 2005, Draper et al. reported an association between childhood leukemia and 
proximity of home address at birth to high voltage (transmission) power lines (37).  The 
authors reported that compared with those who lived > 600 m from a power line at birth, 
children who lived within 200 m had a relative risk of leukemia of 1.69 (95% CI 1.13 to 
2.53).  Given the large size (9700 cases) of the study, the risk estimates were stable, and 
selection bias due to the differential participation among cases and controls was avoided 
since contact with the subjects was not necessary.  

Despite the suggestive epidemiological findings and the IARC classification, 
there is no supporting biological evidence in either cellular or animal experimental 
studies to support the epidemiological observation.  Hence, it remains uncertain whether 
the observed association between childhood leukemia and MF is causal.  Among 
alternative explanations are the role of confounding factors, measurement errors, and 
selection bias.  Confounding effects of socioeconomic status (SES), residential mobility, 
residence type, viral contacts, and traffic density have been raised as possible 
explanations for the observed associations (38-41).   

Despite extensive research, no single confounder or set of confounders has been 
identified that could explain the observed association (41, 42).  Selection bias has been 
suggested as a potential explanation in several studies.  The assessment of selection bias, 
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however, requires considerable resources as well as early planning in study design and 
therefore is difficult to assess.   

To our knowledge, only two studies to date have assessed the role of selection 
bias in the association between childhood leukemia and MF.  Hatch et al. estimated the 
risk of acute lymphoblastic leukemia (ALL) for four levels of wire configuration codes, 
and compared analyses with and without partial participant controls (controls for whom 
no indoor-measurements were available) (41).  The OR associated with living in homes 
with VHCC increased by 23% when partial participants were excluded from the model.  
The authors conclude that while confounding alone is unlikely to be an important source 
of bias, selection bias may be more of a concern, particularly in light of the generally low 
response rates among controls in case-control studies (41).  A recent publication by 
Mezei et al. evaluated the role of selection bias in the 1999 Canadian case-control study 
of childhood leukemia and residential magnetic field exposure (33, 43).  The authors 
reported that the risk estimates for childhood leukemia in the highest exposure category 
were 1.6 (95% CI: 1.0, 2.6) when the actual participant controls (first choice and non-first 
choice) were used and lower [1.3 ;95% CI: 0.8, 2.1] when the prefered more 
representative first-choice controls (participant and non-participant) were used (43).   

Other studies reported an association between SES and wire codes.  For example, 
Gurney et al. assessed the relationship between family income and wire codes and found 
that lower family income tended to be associated with higher wire codes (39).  They 
estimated that differential participation of cases and controls by their income status could 
result in an upward bias of the high wire code and childhood leukemia association in a 
case-control study; the odds ratio would be inflated by 1.03 to 1.24-fold.  Jones et al. 
reported that people who changed addresses more frequently (high residential mobility) 
were more likely to live at an address with higher wire codes (40).  Published studies to 
date have shown some evidence of selection bias, but the role of selection bias cannot 
entirely be confirmed on the basis of these studies alone. 

 
 

PESTICIDES AND CHILDHOOD LEUKEMIA 

 
Household exposure to pesticides has also been associated with childhood 

leukemia.  Nearly all the case–control studies that investigated this exposure (19, 44-51) 
reported significant associations, with odds ratios close to two.  A summary of these 
studies is presented in Table 2.  In 1998 Zahm and Ward published a review on pesticides 
and childhood cancer and concluded that there is a positive associations between 
childhood leukemia and parental pesticide exposure before and during pregnancy and 
childhood exposure to household insecticides (26).  A recent review by Infante-Rivard 
concluded  that recent epidemiologic studies are consistent with those reviewed 
previously (27), by Zahm and Ward 

A study previously published by the Northern California Childhood Leukemia 
Study (NCCLS) reported a positive association between childhood leukemia and 
household use of pesticides (44).  In that study, Ma et al. reported that cases were 
exposed indoors to more pesticides than were the controls and that the highest odds ratio 
(OR) was seen for these exposures during pregnancy (OR = 2.2; 95% confidence interval 
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(CI): 1.3–3.6) (44).  The authors also reported that more frequent indoor exposure to 
insecticides (but not herbicides) was associated with a higher risk, consistent with a dose 
response relationship.   

One type of bias that is repeatedly discussed by previous studies on childhood 
leukemia and self-reports of pesticides exposure is recall bias.  Differential recall of past 
pesticide exposure by cases and controls became a growing concern because the general 
public is increasingly aware of the potential toxicity and carcinogenicity of pesticides, 
and the effects of this recall has not been assessed.   

 
 

SOCIOECONOMIC STATUS AND CHILDHOOD LEUKEMIA 

 
Numerous epidemiological studies have examined the association between 

socioeconomic status (SES) and childhood leukemia, providing inconsistent results.  
Interview or questionnaire-based studies tend to show inverse associations and registry-
based studies generally produced positive associations.  In spite of these inconsistent 
results, in 1999, the National Cancer Institute (NCI) classified high SES as a ‘known risk 
factor’ for acute lymphoblastic leukemia (ALL) (1).   

Individual-level measures of family income (18, 33, 52-57) mother's education 
(18, 33, 53, 55-62) and parental education (18, 19, 33, 53, 55-57, 62-65) found to be 
consistently associated with childhood leukemia in the inverse direction, with higher rates 
associated with lower SES levels.  However, the results of studies of childhood leukemia 
and ecologic-level measures of SES indicate that almost all of the studies of SES and 
childhood leukemia shows a positive association (66-72), few reported mixed results (73-
75), and only two indicated an inverse association (76, 77).  The difference in the 
direction of association between the individual-level data and the ecological-level data 
could be explained by a potential effect of selection bias in the case controls studies.  
Selection bias related to SES might be a major factor responsible for the heterogeneous 
results, with interview based case-control studies including most cases, but only a 
selected subset of all relevant controls.   

Nevertheless, SES is not only correlated with differential participation, but it is 
also often correlated with and may even be a surrogate for certain environmental 
exposures.  SES has been shown in childhood leukemia studies to be associated with 
environmental factors such as pesticide use (78), traffic density (79) and exposure to 
VHCC.  With SES being frequently related to study participation and risk factors, 
matching for SES factors or adjusting for them in the statistical analysis becomes 
increasingly challenging for investigators.  
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METHODOLOGICAL CHALLENGES IN CHILDHOOD LEUKEMIA CASE-
CONTROL STUDIES  

 
Because malignant neoplasms in children are rare, most epidemiologic studies 

have been case-control in design.  Case-control studies are prone to a number of biases, 
notably due to differences between cases and controls in collection of exposure 
information and selection of study subjects.  Sources of bias resulting from 
methodological features of study design and analysis can be classified in a variety of 
ways and usually classified into three main categories: confounding bias, selection bias 
and information (recall and measurement) bias.  This dissertation will focus mostly on 
selection bias and information (recall) bias. 

A major challenge of case-control studies is the rigorous selection of controls 
(80).  In case-control studies, the distribution of exposure among controls should be 
representative of the exposure in the study base, the population which gave rise to the 
cases.  Socio-demographic differences between the controls providing data and targeted 
controls for selection in the study base can lead to selection bias.  Selection bias typically 
occurs when case and control selection or participation is differential based on their 
exposure status or based on some other characteristics related to exposure (81).   

Selection bias refers to a distortion in the estimate of effect resulting from the 
manner in which subjects are selected for the study population.  Among the many sources 
of selection bias are flaws in study design, most notably concerning the choice of groups 
to be compared and the choices of the sampling frame (82). 

Selection bias has been repeatedly discussed by expert review panels (35, 83, 84)  
as the most likely candidate for providing a non-causal explanation for the apparent 
association between EMF and childhood leukemia.  In its recommendation, the European 
Commission’s Scientific Committee on Toxicity, Ecotoxicity and the Environment also 
suggested that assessing the role of selection bias in the ELF-MF—childhood leukemia 
association should be a high priority research area.   

Another major challenge of interview-based case-control studies is 
misclassification of exposure information, which can be differential or nondiferential.  
Information bias refers to a distortion in the estimate of effect due to differential 
measurement error or misclassification of subjects on one or more variables (82).  Major 
sources of information bias include invalid measurement, incorrect diagnosis criteria, and 
omissions, imprecision, or other inadequacies in recorded data (82) that differ by case-
control status.   

Information bias includes recall bias, also called reporting bias or differential 
recall.  Recall bias occurs when recall of prior exposures is misclassified differentially for 
those with and without disease (85).  Recall bias can distort the measure of association 
between exposure and disease by any magnitude and direction.  This distortion is 
frequently difficult to predict (86).  For example, it is recognized that parents of cases 
might be more motivated to search for causes or specific events that occurred in the past 
and either over report an experience or recall trivial events, whereas a parent of a healthy 
child may simply not remember or may believe an exposure to be unimportant.  It is 
difficult to evaluate the direction of the resulting bias, if it exists, because cases could 
over or under report the exposure depending on whether recognition of past exposure or 
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guilt about that exposure took precedence (47).  Moreover, the possibility of case mothers 
reporting their pesticide exposure more accurately than control mothers cannot be 
excluded (47). 
 
 

NORTHERN CALIFORNIA CHILDHOOD LEUKEMIA STUDY 

 
The Northern California Childhood Leukemia Study (NCCLS) is an ongoing 

case-control study which commenced in 1995.  A detailed description of the NCCLS 
design has been published elsewhere (16, 87).  In brief, the study recruited children with 
leukemia from hospitals in 35 counties in Northern and Central California, using rapid 
case ascertainment procedures to report cases usually within 72 hours after diagnosis.  
Medical records of all cases are abstracted and reviewed expeditiously by an expert 
hematologist to confirm diagnosis and subtype classification.  For each case, one or two 
control subjects were randomly selected from birth certificates through the California 
Office of Vital Records, matched on date of birth, sex, Hispanic ethnicity, and maternal 
race.  Although case ascertainment is hospital-based, a comparison with all population-
based cases recorded by the statewide California Cancer Registry (2000) confirms that 
the NCCLS protocol successfully identified 95% of all age-eligible newly diagnosed 
childhood leukemia cases among residents of the 5-county San Francisco metropolitan 
area and 76% of such cases in the other 30 counties (88).  Participating controls in the 
NCCLS were determined to be representative of the sampled population by parental age, 
parental education, and mother's reproductive history; characteristics which indicate a 
reduced potential for selection bias (87).   

Eligibility criteria for cases and controls include: 1) residence in the 35-county 
study area; 2) less than 15 years of age at the time of case diagnosis (referent date for 
controls); 3) availability of an English or Spanish-speaking biological parent; and 4) no 
previous diagnosis of cancer. 

All data collection instruments are available in English and Spanish.  Data are 
primarily collected using a personal interview conducted at the home of the respondent in 
either English or Spanish.  Questionnaires to obtain epidemiologic data were developed 
after consulting with established investigators in the field of childhood leukemia. The 
questionnaire has been tailored to obtain information relevant to the ethnically diverse 
California population and to focus specifically on the timing and types of exposures of 
interest to this study.   

The study was approved by the University of California Committee for the 
Protection of Human Subjects, the California Health and Human Services Agency 
Committee for the Protection of Human Subjects, the Institutional Review Board (IRB) 
of the National Institutes of Health and the IRBs of all the participating hospitals and 
institutions.  A written informed consent was obtained from the parents or legal guardian 
of all participating subjects. 
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RESEARCH QUESTIONS TO BE ADDRESSED IN THIS DISSERTATION 

 
1. To compare racial differences in childhood cancer incidence estimated by case-

control studies with incidence data from population-based registries (Chapter 
Two). 

 
2. To compare the association between SES and childhood leukemia using 

individual-level data and ecological-level data (Chapter Three).  
 

3. To assess whether selection bias may explain the observed epidemiologic 
association between electromagnetic fields and childhood leukemia (Chapter 
Four). 

 
4. To assess the reliability of maternal-reported household use of pesticides and 

potential differences in reliability by case-control status and by socio-
demographic characteristics (Chapter Five). 
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Table 1. Studies on electric and magnetic fields, measured by wire configuration codes, and 
childhood leukemia, 1979-2009 

Author, 
Location, 
Year 

Study population Residence Study 
design 

Cancer 
Cases/controls 

Wire codes 
odds ratio 
(95% CI) 

Wertheimer 
& Leeper, 
Denver, 
1979 (89) 

Cases: death 1950-
1973.  Controls: birth 
certificates. 
< 19 years 
 

Residence at 
time of 
diagnosis 

Case 
control 

 
 
 

All cancers (328/328) 
Leukemia (136/136) 
Brain tumors (57/57) 

LCC: reference 
 
HCC 
2.11 (1.60-1.80) 
2.98 (1.78-4.98) 
2.40 (1.03-5.41) 
 

Fulton, 
Rhode 
Island, 
USA, 1980 
(90) 

Cases:  Rhode Island 
Hospital. 
Controls: birth 
certificates.< 20 
years 
 

Cases: all 
lifetime 
residences 
Controls: birth 
residence 

Case 
control 

 
 
 

Leukemia (119/240) 

LCC: reference 
 
HCC 
1.08 (0.62-1.89) 

Savitz, 
Denver, 
USA, 1988 
(34) 

Cases: The Colorado 
Central Cancer 
Registry. death 1976-
1983.  Controls: 
RDD. 
< 15 years 
 

Residence at 
time of 
diagnosis 

Case 
control 

 
 
 

 
All cancers (320/259) 
Leukemia (97/259) 
Brain tumors (59/259) 

 

Underground: 
reference 
 
VHCC 
2.20 (0.93-5.21) 
2.75 (0.94-8.04) 
1.94 (0.47-7.95) 

Myers, 
Yorkshire, 
England, 
1990 (91) 

Cases: Yorkshire 
Childhood Cancer 
Registry, death 1970-
1979.  Controls: birth 
certificates. 
< 15 years 
 

Residence at 
time of birth 

Case 
control 

 
 
 

All cancers (374/588) 
 

>25m: reference 
 
<25m 
1.10 (0.47-2.57) 

London, Los 
Angeles, 
USA, 1991 
(32) 

Cases:  Los angeles 
County Cancer 
Surveillance Program 
1980-1987. Controls: 
friends and RDD. 
< 10 years 
 

Residence at 
time of 
diagnosis 

Case 
control 

 
 
 
 

Leukemia (211/205) 
 

Underground: 
reference 
 
VHCC 
2.15 (1.08-4.26) 
 

Olsen, 
Denmark, 
1993 (92) 

Cases:  Danish 
cancer registry, 
1960-1986.  
Controls: registry. < 
15 years 

Historically 
calculated 
fields 

Case 
control 

 
 
 
All cancers (1,707/4,788) 
Leukemia (833/1,666) 
Brain tumors (624/1,872) 

<0.4μT: 
reference 
≥0.4 μT 
5.6 (1.6-19) 
6.0 (0.8-44) 
6.0 (0.8-44) 

 

Verkasalo, 
Finland, 
1993 (93) 

Cases: Finnish cancer 
registry, 1974-1990. 
< 17 years 

Historically 
calculated 
fields, 
residence 
within 500m 

Cohort  
 
 
All cancers (140) 
Leukemia (35) 
Brain tumors (39) 

<0.01μT: 
reference 
≥0.2 μT 
1.5 (1.74-2.7) 
1.6 (0.32-4.5) 
2.3 (0.75-5.4) 
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Author, 
Location, 
Year 

Study population Residence Study 
design 

Cancer 
Cases/controls 

Wire codes 
odds ratio 
(95% CI) 

Tynes, 
Norway, 
1997 (94) 

Cases:  Cancer 
Registry of 
Norway, 1965-1989.  
Controls: from 
matched cohort. 
< 15 years 
 

Historically 
calculated 
fields 

Nested 
CC 

 
 
 
 
All cancers (12/51) 
Leukemia (1/14) 
Brain tumors (4/23) 
 
 
 
 
 
All cancers (51/164) 
Leukemia (14/63) 
Brain tumors (9/55) 

<0.05μT: 
reference 
 
≥0.14 μT 
0.9 (0.5-18) 
0.3 (0.0-21) 
0.7 (0.2-21) 
 
≥101m:  
reference 
 
> 51m 
0.9 (0.9-18) 
0.3 (0.4-16) 
0.6 (0.3-13) 
 

Linet, 9 
mid-
Athlantic 
and 
Midwestern 
States, 
USA, 1997 
(31) 

Cases:  Children’s 
Cancer Group, 1989-
1993. Controls: 
RDD. 
< 15 years 
 

Residence > 5 
years before 
diagnosis 

Case 
control 

 
 
 
 
 
Leukemia (402/402) 
 

Underground 
and VLCC: 
reference 
 
VHCC 
0.88 (0.48-1.63) 
 

McBride, 
Canada , 
1999 (33) 

Cases:  cancer 
registries, 1990-
1994. Controls: 
province health 
insurance rolls. 
< 15 years 
 

Wire code of 
residence 2 yr 
before 
diagnosis 

Case 
control 

 
 
 
 
Leukemia (303/309) 
 

Underground: 
reference 
 
VHCC 
0.77 (0.37-1.60) 
 

Green, 
Canada, 
1999 (55) 

Cases:  Hospital for 
Sick Children, 1985-
1993. Controls: 
telephone marketing 
lists. 
< 15 years 
 

Wire code Case 
control 

 
 
 
 
Leukemia (79/125) 
 

VLCC: 
reference 
 
OHCC+VHCC 
0.6 (0.2-1.5) 
 
 

Mezei, 
Canada, 
2008 (43) 

Cases:  cancer 
registries, 1990-
1994. Controls: 
province health 
insurance rolls.  
< 15 years 
 

Wire code of 
residence 2 yr 
before 
diagnosis 

Case 
control 

 
 
 
 
 
 
Leukemia (340/493) 

VLCC and 
OLCC: 
reference 
 
VHCC 
Actual controls 
1.61 (0.99-2.63) 
Ideal controls 
1.31 (0.81-2.11) 

Abbreviations: VLCC = very low current code; OLCC = ordinary low current code; OHCC =  ordinary high current code 
VHCC =  very high current code; MF= magnetic field measurement; RDD = Random Digit Dialing 
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Table 2. Studies on Electric and Magnetic Fields and Childhood leukemia, 1979-2009 

Author, 
Location, 
Year 

Study population Residence Study 
design 

Cancer 
Cases/controls 

Magnetic field 
measurement  
odds ratio (95% 
CI) 

Tomenius, 
Stockholm, 
Sweden, 
1988 (95) 

Cases: Swedish 
Cancer Registry, 
1958-1973, Controls: 
birth certificates.  
< 19 years 
 

birth and 
diagnosis 
residence 

Case 
control

 
 
 

     All cancers (1,033/890) 
Leukemia (243/212) 
Brain tumors (294/253) 

<0.3μT: reference 
 
≥0.3 μT 
1.85 (0.97-3.51) 
0.35 (0.11-1.13) 
3.73 (1.05-13.23) 

Savitz, 
Denver, 
USA, 1988 
(34) 

Cases: The Colorado 
Central Cancer 
Registry. death 1976-
1983.  Controls: 
RDD.  
< 15 years 
 

Residence at 
time of 
diagnosis 

Case 
control

 
 
 
All cancers (128/207) 
Leukemia (36/207) 
Brain tumors (25/207) 

<0.25μT: reference 
 
≥0.25 μT 
1.35 (0.63-2.90)  
1.93 (0.67-5.56)  
1.04 (0.22-4.82)  

London, Los 
Angeles, 
USA, 1991 
(32) 

Cases:  Los angeles 
County Cancer 
Surveillance Program 
 1980-1987, Controls: 
friends and RDD. 
< 10 years 
 

Residence at 
time of 
diagnosis 

Case 
control

 
 
 
Leukemia (162/143) 
 

<0.31μT: reference 
 
≥0.125 μT 
1.22 (0.52-2.82) 
 

Feychting, 
Sweden, 
1993 (96) 

Cases:  Swedish 
Cancer Registry, 
Controls: matched 
cohort.  
< 15 years 
 

Historically 
calculated 
fields, 
residence 
within 300m 

Nested 
CC 

 
 
 
All cancers (141/554) 
Leukemia (38/554) 
Brain tumors (33/554) 

<0.09μT: reference 
 
≥0.3 μT 
1.3 (0.6-2.7) 
3.8 (1.4-9.3) 
1.0 (0.2-3.9) 

Linet, 9 
mid-
Athlantic 
and 
Midwestern 
States, USA 
,1997 (31) 

 

Cases:  Children’s 
Cancer Group, 1989-
1993. Controls: RDD.  
< 15 years 

Residence > 5 
years before 
diagnosis 

Case 
control

 
 
 
 
Leukemia (624/615) 
 

<0.065μT: 
reference 
 
≥0.5 μT 
1.01 (0.26-3.99) 

Michaelis, 
Germany, 
1997 (97) 

Cases: German 
Childhood Cancer 
Registry, 1991-1995. 
Controls: government 
office residents 
registry.  
< 15 years 
 

24-hr 
bedroom MF 
measurement 

Case 
control

 
 
 
Leukemia (176/414) 

<0.2μT: reference 
 
≥0.2 μT 
3.2 (0.7-14.9) 

Dockerty, 
New 
Zealand, 
1998 (58) 

Cases: New Zealand 
cancer registry, 1990-
1993. Controls: birth 
certificates. 
< 15 years 
 

24-hr 
bedroom MF 
measurement 

Case 
control

 
 
 
Leukemia (115/117) 
 

<0.2μT:reference 
 
≥0.2 μT 
15.5 (1.1-224) 
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Author, 
Location, 
Year 

Study population Residence Study 
design 

Cancer 
Cases/controls 

Magnetic field 
measurement 
odds ratio (95% 
CI) 

McBride, 
Canada, 
1999 (33) 

Cases:  cancer 
registries, 1990-1994. 
Controls: province 
health insurance rolls. 
 < 15 years 
 

24 and 48hr 
MF 
measurement 

Case 
control

 
 
48hr: Leukemia 
(293/339) 
24hr: Leukemia 
(272/304) 
 

<0.2μT: reference 
 
≥0.2 μT 
1.04 (0.69-1.57) 
 
1.27 (0.69-2.33)  

Green, 
Canada, 
1999 (55) 

Cases:  Hospital for 
Sick Children,  1985-
1993. Controls: 
telephone marketing 
lists.  
< 15 years 
 

48hr MF 
measurement 

Case 
control

 
 
 
48hr: Leukemia 
(88/133) 
 

<0.03μT: reference 
 
 
≥0.14 μT 
4.5 (1.3-15.9) 

United 
Kingdom 
Childhood 
Cancer 
Study, 
England, 
1999 (98) 

Cases:  Family Health 
Service Authorities,  
1992-1995. Controls: 
Family Health 
Services Authorities 
registry. < 15 years 
 

90 min and 
48hr MF 
measurement 

Case 
control

 
 
 
All cancers 
(2,265/2,270) 
Leukemia (1,094/1,096) 
 

<0.1μT: reference 
 
 
≥0.4 μT 
0.89 (0.34-2.3)  
1.68 (0.40-7.10) 
 

Schuz, 
Germany, 
2001 (99) 

Cases:  nation-wide 
GCCR Registry,  
1992-1995. Controls: 
same region as cases.  
< 15 years 
 

24 MF 
measurement 

Case 
control

 
 
 
Leukemia (514/1,301) 

<0.2μT: reference 
 
0.2 - 0.4 μT 
1.16 (0.43-3.11) 
 
≥0.4 μT 
5.81 (0.80-44.1) 
 

Kabuto, 
Japan, 2006 
(100) 

Cases:  5 major 
children’s cancer 
study groups in 
Japan, 1999-2001 
Controls: Japanese 
resident registration 
system. 
< 15 years 

Bedroom MF 
measurements 
 

Case 
control

 
 
 
ALL+AML (312/603) 
 
 
ALL (251/495) 

<0.1μT: reference 
 
> 0.4 μT 
2.56 (0.76-8.58) 
 
> 0.4 μT 
4.67 (1.15-19.0) 

Abbreviations:  MF= magnetic field 
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Table 3. Studies on pesticides exposure and risk of childhood leukemia, 1990-2009 

Author, 
Location, 
Year  

Source of Subjects Study design Leukemia Case 
/Control 

Primary Results 

Leiss and 
Savitz, USA, 
1995 (101) 

 

Cases: Colorado Central 
Cancer 
Registry, 1976-1983 
Controls: random digit 
dialing.  
<15 years 

Case control, 
interview 

 

Leukemia 252/222 Pest strips 
3rd trimester 3.0 (1.6, 5.7) 
Birth - 2 years 1.7 (1.2, 2.4) 
2 years -  diagnosis 2.6 (1.7, 
3.9) 
 
House extermination 
3rd trimester 0.4 (0.1, 1.2) 
Birth - 2 years 0.3 (0.1, 0.8) 
2 years -  diagnosis 0.9 (0.5, 
1.4) 
 
Yard pesticide treatment 
3rd trimester 1.1 (0.6,1.9) 
Birth - 2 years 0.9 (0.5, 
1.8) 
2 years -  diagnosis 1.1 (0.8, 
1.5) 

Meinert, 
Germany, 
1996 (49) 

Cases: German 
Childhood Cancer 
Registry 1988–1992.  
Controls: Population-
weighted sampling 
scheme, local and state 
controls.   
 < 15 years 
 

Case control: 
Structured 
telephone 
questionnaire  

ALL, 
Leukemia 

173/220 Pesticide use in garden 2 years 
before birth till diagnosis: 2.5 
(1.0-6.1) 
 

Infante-
Rivard, 
Canada, 1999 
(46) 

 

Cases: Tertiary care 
centers in Quebec 1980-
1993.  Controls: Family 
allowance files. 
< 10 years 

Case control: 
Interview 

ALL 491/491 During pregnancy: 
Herbicides 1.84 (1.32-2.57) 
Insecticides 1.97 (1.32-2.94) 
Pesticides 1.70 (1.12-2.59) 
Repellants 0.70 (0.45-1.09) 
Product for slug 1.57 (0.43-
5.62) 
 
During childhood: 
Herbicides 1.41 (1.06-1.86) 
Insecticides 1.82 (1.31-2.52) 
Pesticides 1.41 (1.011.97) 
Repellants 0.65 (0.42-0.94) 
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Author, 
Location, 
Year  

Source of Subjects Study design Leukemia Case 
/Control

Primary Results 

Meinert, 
Germany, 
2000 (48) 

Cases: German 
Childhood Cancer 
Registry 1992-1994, 
Controls: Lists of local 
resident registration 
offices. 
<15 years 

Case control:
Interview 

ALL, 
Leukemia

1,184/ 
2,588 

Maternal occupational exposure:  
During pregnancy 3.6 (1.5-8.8) 
After pregnancy 2.5 (1.0-6.4) 
Ever 2.5 (1.3-4.7) 
 
Paternal occupational exposure: 
During pregnancy 1.6 (1.1-2.2) 
After pregnancy 1.3 (0.0-1.9) 
Ever 1.6 (1.1-2.3) 
 
Garden pesticides from birth to 
diagnosis: 1.0 (0.8-1.2) 
 
 

Schreinmac
hers, USA, 
2000 (102) 

Cases:  National Center 
for Health Statistics 
mortality during 1980–
1989. 
< 15 years 
 

Ecological 
study 

Leukemia 59 Mortality among boys 1.40 
(0.75,2.62) 
Mortality among girls 1.43 
(0.49,4.18) 

Alexander, 
several 
countries, 
2001 (103) 

Cases: Hospitals in 
several countries. 
Controls: inpatients and 
outpatients at hospitals. 
< 18 months 
 

Case control, 
interview 
 

ALL, 
AML 

136/266 Maternal exposure to pesticides 
during pregnancy. 
ALL 2.53 (0.71-8.97) 
AML 5.08 (1.84-14.0) 

Feychting, 
Sweden, 
2001 (104) 

Cases: Swedish Cancer 
Registry.  Controls: 
cohort.  
Age: 54% <15 years, 
23% <13, 23% <12 years 
 

Cohort study Leukemia 235,635  Father’s occupational exposure tp 
pesticides. 
before conception: 0.90 (0.37–2.19) 

Ma, 
California, 
USA, 2002 
(44) 

Cases: major clinical 
centers in Californa, 
1995-1999.  Controls: 
statewide birth certificate 
files. 
< 15 years 

Case control:
Interview 

ALL, 
Leukemia

162/162 Professional pest control at home: 
3-mo before pregnancy 1.9 (0.7-4.7) 
During pregnancy 2.3 (0.9-5.4) 
3 mo before  
pregnancy to 3 years 2.6 (1.2-5.4) 
Insecticides at home: 
3 mo before pregnancy 1.7 (1.0-3.1) 
During pregnancy 2.3 (1.3-4.0) 
3 mo before pregnancy - 3 years 2.2 
(1.0–4.6) 
Flea control products used at home
3 mo before pregnancy 0.8 (0.4-1.6) 
During pregnancy 0.7 (0.4-1.4) 
3 mo before pregnancy - 3 years 1.0 
(0.5-1.8) 
Herbicides used at home: 
3 mo before pregnancy 1.6 (0.8-3.3) 
During pregnancy 1.8 (0.9-3.5) 
3 mo before pregnancy - 3 years 1.0 
(0.6-1.8) 
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Author,  
Location 
Year 

Source of Subjects Study 
design 

Leukemia Case 
/Control 

Primary Results 

McKinney, 
England 
and Wales, 
2003 
(105) 

Cases and 
Controls: Family Health 
Services Authority. 
< 14 years 

Case control, 
interview 
 

Leukemia
, ALL 

1737 Agrochemical exposure at 
preconception 
Maternal 
Leukemia  0.81 (0.31 - 2.12) 
ALL 0.97 (0.37 - 2.52) 
 
Paternal 
Leukemia  0.83 (0.58 - 1.19) 
ALL 0.85 (0.58 - 1.24) 
 

Flower, 
USA, 2004 
(106) 

Cases: Iowa Cancer 
Registry, 1975-1998.  
Controls: Iowa pesticide 
applicators. 
<19 years 
 

Cohort study Leukemia 17,357  Paternal occupation as a pesticide 
applicator, before birth: 0.91 (0.47-
1.75) 
 

Alderton, 
USA, 2006 
(50) 

 

Cases: Children’s 
Oncology 
Group, 1997-2002, 
Controls;  from same 
primary care clinic as 
cases.  
 <19 years 
 

Case control, 
interview 
 

ALL, 
AML 

158/173 ALL, maternal exposure during 
pregnancy. 
Insecticides  
Low 1.56 (0.85,2.87) 
High 1.82 (0.94,3.52) 
 
Flea or tick control 
Low 1.83 (0.89,3.76) 
High 1.25 (0.59,2.65) 
 
Professional pest exterminations 
Low 3.44 (1.41,8.39) 
High 1.28 (0.46,3.55) 
 

Rudant, 
France, 
2007 (47) 

Cases: pediatric 
oncology centers and 
national registry of 
childhood blood 
Malignancies 2003-
2004.  Controls: National 
telephone directory.  
 < 15 years 

Case control:
structured 
telephone 
questionnaire

ALL, 
AML 

   764/1681 Residential exposure during 
pregnancy: 
Maternal: 
Pesticides 2.2 (1.8-2.6) 
Insecticides 2.1 (1.7-2.5) 
Herbicides 1.5 (1.0-2.2) 
 
Paternal: 
Pesticides 1.5 (1.2-1.8) 
Insecticides 1.4  (1.2-1.8) 
Herbicides 1.2 (1.0-1.4) 
 

Menegaux,, 
France, 
2006  (45) 

 

Cases:  hospitals 
of Lille, Lyon, 1995-
1999 Controls;  from 
same hosital as cases.   
<15 years 
 

Case control, 
interview 
 

Leukemia 280/288 During pregnancies 
Insecticides Ever use 1.8 (1.2-2.8) 
Pesticides Ever use 2.5 (0.8-7.2) 
 
During childhood 
Insecticides Ever use 1.7 (1.1-2.4) 
Pesticides  Ever use 1.7 (1.1-2.7) 
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Author,  
Location 
Year, 

Source of Subjects Study 
design 

Leukemia Case 
/Control

Primary Results 

Rull, 
California, 
USA, 
2009 
(107) 

Cases: major clinical 
centers in California, 
1990-2002.  Controls: 
statewide birth 
certificate files. 
< 15 years 

Case 
control: 
Interview 

ALL, 
Leukemia

213/268 Lifetime exposure; agricultural 
pesticides applied within 1/2-mi of 
residences 
 
Insecticides (bl/mi2) 
1-72   1.5 (0.9-2.4) 
72-3218   0.8 (0.5-1.4) 
 
Herbicides (bl/mi2) 
1-57   1.2 (0.8-1.9) 
57-2186   0.9 (0.5-1.5) 
 
 

Ward, 
California, 
USA, 
2009 
(108) 

Cases: major clinical 
centers in California, 
1995-1999.  Controls: 
statewide birth 
certificate files. 
< 7 years 

Case 
control: 
Interview 

ALL 184/212 concentrations and loadings of α-
Chlordane pesticides in carpet dust  
 
Chemical concentration  
3.5 to < 8.3     1.18 (0.60-2.09) 
8.3 to < 22.9   1.32 (0.71-2.43) 
22.9-1,916      1.27 (0.69-2.35) 
 
Chemical loadings 
3.3 to < 10.8     0.67 (0.37-1.21) 
10.8 to < 30.4   0.34 (0.18-0.66) 
≥ 30.4               0.78 (0.42-1.42) 
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ABSTRACT 

 
This study compares racial differences in childhood cancer incidence estimated by case-
control studies with incidence data from population-based registries.  
Methods  Peer-reviewed publications on childhood leukemia and brain tumors from 
North America, published between 1980 and 2007, were reviewed.  Incidence data by 
race/ethnicity were compiled from research publications, federal cancer statistics, and 
cancer registries.  Meta-analysis was conducted to assess racial/ethnic differences by 
study characteristics.  Racial distributions of cases from published case-control studies 
were compared to those of a presumably noncensored case distribution (i.e. include both 
participating and non-participating cases in a case-control study) or cases recorded by 
cancer registries.   
Results  In interview-based case-control studies of childhood cancer, the proportion of 
Whites compared to non-Whites tended to be higher among controls than among cases; 
however, the opposite was true for record-based case-control studies.  Additionally, the 
proportion of Whites tended to be higher among the participating cases in the published 
case-control studies compared to the proportion of Whites among the non-participating 
cases or in cancer registries.   
Conclusions  Investigators need to consider differential participation by racial group as a 
potential source of bias in the interpretation of case-control study results. 
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INTRODUCTION 

 
Because malignant neoplasms in children are relatively rare, most epidemiologic 

studies have been case-control in design.  Nevertheless, malignant neoplasms are the 
second leading cause of death in children 1–19 years of age in the United States, 
accounting for 2197 deaths in 2004 (1).  Case-control studies are prone to a number of 
well known biases, notably those due to differences between cases and controls in the 
recall of exposure information and selection of study subjects.  Selection bias typically 
occurs when case and control selection or participation is differential based on their 
exposure status or based on other characteristics related to exposure (2).   

The association between socioeconomic status (SES) and participation in 
epidemiologic studies, especially case-control studies, is well documented, with 
individuals of higher SES more likely to participate than individuals of lower SES (3-7).  
Participation may also differ by race or ethnic status; for example, Hispanics may be less 
likely to participate than non-Hispanic Whites (8-13).  A recent review of SES and 
childhood leukemia by Poole et al. (2006) observed that while case-control studies with 
interviews or self-administered questionnaires reported an inverse association between 
individual level measures of SES (family income, mother’s education) with childhood 
leukemia, record-based case-control and ecologic studies tended to show a positive 
association between childhood leukemia and father’s occupational class or average 
occupational class (14).  The authors indicated that it is not clear whether the observed 
differences were due to inherent differences in the SES measures or due to differences in 
study design.  

Although selection bias most frequently refers to the selection of controls, case 
selection may also be a source of bias if non-participation occurs among cases.  The 
current analysis compares race and ethnic status differences in childhood cancer rates as 
estimated by case-control epidemiologic studies with various design features.  It also 
compares estimates of race and ethnic status distribution among cases as reported by 
case-control studies to those observed for an ideal case series with complete 
ascertainment of cases for these studies or in population-based cancer registries in 
corresponding geographic regions and calendar periods.    

 
 

MATERIALS AND METHODS 

 
Literature search and inclusion criteria 

PubMed was searched from January 1st 1980 through February 28, 2007 for 
original research in English, using the keywords ‘childhood’, ‘leukemia’, ‘leukaemia’, 
‘cancer’, ‘brain tumor’, ‘astrocytoma’, ‘central nervous system’, ‘glioma’, and 
‘miscellaneous’.  Case reports, case series, articles on diagnostic or prognostic 
characteristics or treatment outcomes, letters, editorials, and news briefs were excluded.  
To be included, a study had to present incidence data for leukemia or brain tumors for 
children or young adults (ages 0-24) in North America and had to provide incidence by 
race and/or ethnic status, classified at a minimum by White and non-White status.  Only 
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full-text articles were included since abstracts did not always provide sufficient 
information on race or ethnic status.  For studies with multiple reports, we selected as the 
primary source of information the most recent report or the report with the highest 
number of race and ethnic status categories.  In the instance of multiple reports we 
referred to the other reports for supplemental information.  
 
Data collection 

Information was abstracted from the selected case-control studies onto a standard 
form that included geographic area, dates of diagnosis, cancer subtype, inclusion criteria 
and ascertainment, primary exposure(s) of interest, participation rate(s), categories of 
race and ethnic status, number of cases and controls, source of cases (hospital, registry 
etc.), source of controls (Random Digit Dialing, registry etc.), and source of race and 
ethnic status classification (interview, questionnaires, or record based).  The race/ethnic 
status categories included White, Black, American Indian/Alaska Native, Asian, Native 
Hawaiian/Pacific Islander, Hispanic or other.   

For selected case-control studies with well-defined geographic areas, the cancer 
incidence data in corresponding geographic regions and calendar periods were collected 
from the SEER*Stat program (15) or from the corresponding cancer registries.  The 
Surveillance, Epidemiology and End Results (SEER) program collects cancer incidence 
data from 14 population-based cancer registries and three supplemental registries.  
Childhood cancer incidence rates for areas not included in the SEER, were collected from 
the corresponding cancer registries in the US or from the population-based provincial 
cancer registries in Canada.  For studies with ill-defined geographic areas (mostly 
hospital-based) or for studies conducted in populations lacking cancer registry data, the 
authors were asked to provide the race/ethnic status distribution of the non-participating 
cases.  In three studies (16-18) the race/ethnic status distribution of cases as reported by 
the case-control studies (Table 3) differed from that reported in the cancer registry (Table 
4).  In these studies, the published data for race/ethnic status were derived from birth 
certificates; however birth certificate data were not available for non-participating cases.  
In order to use the same data source for race/ethnic status of both participating cases and 
non-participating cases, the publication authors provided race/ethnic status data from the 
appropriate cancer registries for the participating and non-participating cases.  For the 
purpose of assessing racial differences, the racial distribution reported by SEER, cancer 
registries, or the authors of the hospital based studies were recorded for the same strata of 
race, age, and geographic area as published by the selected case-control studies, to 
provide a suitable comparison with the latter.  Eight studies were excluded because data 
from SEER or the appropriate cancer registry were not available for the requested time 
period and the first author could not provide the requested data for the non-participating 
cases.  The data for race/ethnic status of the participating cases as reported by five of the 
leukemia studies and six of the brain tumor studies were compared to the data for 
race/ethnic status from the cancer registries and SEER*Stat.  Distributions of cases by 
race/ethnic status for the remaining studies were compared to the race/ethnic status 
distribution among the ideal cases (i.e. participating and non-participating) of these 
studies, as reported by the authors.  
 
 

30

 



 
Analytic methods 

The first analysis utilized data for race/ethnic status from the published case-
control studies, after excluding eight studies that matched on race (19-26).  Odds ratios 
(OR) with 95% confidence interval (CI) were calculated to assess the relationship 
between race, i.e., White and five other race/ethnic status classifications (Black, Asian, 
Hispanic, non-Whites, other), and case/control status separately for 
interview/questionnaire-based studies or record based studies (Table 3, Figure 1 and 2).   

In addition, meta-analyses using the Random-effect models were conducted to 
provide overall ORs that compare the distribution of Whites and five other racial/ethnical 
categories among cases and controls, by study design and cancer type (leukemia or brain 
cancer).  The between-study heterogeneity was assessed using the Q-statistic to test the 
null hypothesis that the estimated effect is the same for all studies.  The second analysis 
compared distributions of race and ethnic status among participating cases as reported by 
case-control studies to those found for either the ideal cases of those studies or in the 
population-based cancer registries for the corresponding geographic regions and calendar 
periods.  Only studies for which corresponding registry-based data or data for the non-
participating cases were available were included in this analysis. 

 
 

RESULTS 

 
The PubMed search yielded 3760 citations.  After exclusion of ineligible studies 

(not case-control studies, n= 1478; age above 24 years old, n=193; survival studies, n= 
188; conducted outside North America, n= 1636), 135 manuscripts were reviewed in 
further detail.  The second exclusions (no racial information, n=18; cancer registry with 
complete case ascertainment, n=17; no racial information from authors or cancer registry, 
n=8) provided a final set of 92 eligible reports representing 27 independent studies.  
These studies are summarized in Tables 1 and 2.   

The results of the first comparison of race/ethnic status derived from published 
childhood leukemia and brain tumor case-control studies indicated that the proportion of 
non-Whites (Hispanics, Asians, others) among cases in the interview-based childhood 
leukemia studies was higher than that among controls (overall ORs for Hispanics, Asians, 
and others were =3.17, 2.78, and 1.42, respectively, P<0.05).  In contrast, in the record-
based studies, proportion of Whites among cases was higher than that among controls 
(overall ORs for Blacks, Asians, and others were 0.45, 0.92, and 0.91, respectively) as 
shown in Table 3 and Figures 1 and 2.  Not in line with this trend is the overall OR for 
Blacks vs. Whites in the childhood leukemia interview-based studies (OR=0.43; 95% 
CI:0.21-0.91), which is similar to that from record-based studies (OR=0.45; 95% 
CI:0.35-0.57).  Although, based on only two studies (27, 28), these results support the 
general observation that black children experience a lower incidence of childhood 
leukemia than white children (29). 

A similar trend was observed for the relationship between race and case-control 
status in the brain tumor studies.  The proportion of non-Whites (Blacks, Asians, 
Hispanics) among cases in the interview-based studies was higher than that among 
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controls (overall ORs=1.59, 1.27, and 1.09, respectively).  But this pattern was not 
observed in the record based studies where the proportion of Whites among cases was 
higher than that among controls (overall ORs for Blacks, Asians and Hispanics were 
0.82, 0.63, 0.62, and 0.55, respectively, P<0.05).   

Meta-analyses for White vs. non-White comparisons are summarized graphically 
in Figures 1 and 2.  All but one (30) of the interview based case-control studies suggested 
that cases, compared to controls, were more likely to be non-White than White with an 
overall OR of 1.37 (95% CI 1.13, 1.67).  Three studies that were included in the meta-
analysis indicated a statistically significant difference by race/ethnic status with cases 
more likely to be non-White than White compared to controls 1.67 (95% CI 1.07, 2.61) 
(31); 1.47 (95% CI 1.01, 2.15) (32); 1.44 (95% CI 1.15, 1.80) (33).  In this analysis, three 
large studies contributed a disproportionate amount of the weight in the meta-analysis 
with 15.3%, 24.2%, and 17.6% (30, 32, 33), respectively.  Nevertheless, the combined 
OR when each of these studies was excluded one at a time remained significant, 
indicating that no one large study completely explains the observed trend (data not 
shown).   

In contrast to the results of the interview-based studies, all but three of the record-
based case-controls studies (34-36) indicated that cases, compared to controls, are less 
likely to be non-White than White, with an overall OR of 0.81 (95% CI 0.72,0.91) 
(Figure 2).   

The comparison of racial distributions among participating cases as reported by 
case-control studies to those found in either the ideal cases of those studies or in the 
population-based cancer registries in corresponding geographic regions and calendar 
periods is presented in Table 4.  In this analysis, with one exception (31), the percentage 
of White cases was higher in all published childhood leukemia case-control studies 
compared to that using cancer registry data or data from ideal cases of the same studies.  
However, the observed difference in distribution of race and ethnic status was consistent 
with statistical significance in only two studies (22, 23).  This trend was less consistent 
for the comparisons of the brain tumor studies, where six of the nine studies indicated a 
higher percent of White cases in the published case-control studies. 

An example of selection bias in a hypothetical case-control study when the 
selection of controls varies by ethnicity (Hispanics vs. non-Hispanics Whites) and 
prevalence of exposure is shown in Figure 3.  A similar analysis was conducted by Mezei 
et al. for socioeconomic status (37).  For this example, it is assumed that confounding and 
random variability are absent, that all incident cases during the study period are included, 
and that there is no association between exposure and disease (i.e. true OR=1.0).  An 
incidence rate of 40 per million (0.00004), similar to the childhood leukemia incidence 
rate in the US is used (29).  Although Hispanics have a higher incidence rate than non-
Hispanic Whites (48.5 per million vs. 41.6 per million, respectively) (29), for simplicity 
similar incidence rates are assumed for both groups, 0.00004 or 40 per million.  Two 
controls are selected for each case with no matching on race or ethnic status and the 
exposure prevalence remained constant among the non-Hispanic Whites (0.05) but 
changed among the Hispanics (ranged from 0.05 to 0.15).  For this example, Figure 3 
shows how changes in the exposure prevalence and in the ratio of Hispanic to non-
Hispanic White controls will result in an estimated measure of association that is biased 
away from the null.  For example, if the prevalence of exposure is 0.05 among non-
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Hispanic Whites and 0.15 among Hispanics and the ratio of Hispanic to non-Hispanic 
White controls is 2:4, then the biased OR is 1.22. 

 
 

DISCUSSION 

 
 Results from the current analyses indicate differences in race and ethnic status 

distributions of cases and controls by method of data collection (interview-based vs. 
record-based).  In North American interview-based childhood cancer case-control studies 
with no matching on race or ethnicity, the proportion of non-Whites among cases is 
higher than that among controls.  In contrast, in record-based case-control studies, cases 
are less likely to be non-White than controls.  These results suggest that interview-based 
case-control studies of childhood cancer, which do not match on race/ethnic status, may 
suffer from over-representation of Whites among cases and under-representation of non-
Whites among participating controls.  In addition, the proportion of Whites tended to be 
higher among participating cases compared to the proportion of Whites among non-
participating cases or to the proportion of Whites among cases recorded in the cancer 
registries.   

The distribution of race and ethnic status of cases reported in the published case-
control studies may differ from the race and ethnic distribution of cases in the population-
based cancer registries or among the non-participating cases for several reasons.  Most 
case-control studies in North America require that the respondent speak either English or 
Spanish.  Such inclusion criteria may eliminate certain minorities from participating in 
interview-based case-control studies, when these cases would be included in studies using 
population-based cancer registry data.  Another source of bias in case-control studies 
could be the exclusion of deceased children, since certain groups, including Black and 
Hispanic children, may have poorer outcomes compared with that of White children.  
Kadan-Lottick and colleagues (38) found that Black, Hispanic, and American 
Indian/Alaskan Native children have a significantly poorer prognosis of childhood 
leukemia compared with White and Asian children.  Hence, if survival is associated with 
race/ethnic status, then Black and Hispanic cases may be underrepresented in case-
control studies which include only surviving cases.   

Selection bias in case-control studies may also develop through differential 
selection and/or participation of cases based on their SES or due to some other cultural 
reasons.  Previous studies have shown that individuals of higher SES are more likely to 
participate than individuals of lower SES (3-7) Since SES is associated with race/ethnic 
status, certain minorities may be underrepresented in case-control studies.  Few studies 
have examined the sociocultural characteristics that influence research participation 
among Hispanics (39) which are observed to have low participation rates (8-13).  
Hispanics are more likely than non-Hispanic Whites in the United States to have low 
income and low educational levels (40), factors which are recognized to be associated 
with non-participation in epidemiological studies.  The Northern California Childhood 
Leukemia Study has conducted analyses to assess differences in recruitment patterns by 
race and ethnic status, particularly for Hispanics, and factors that impact non-
participation across race and ethnic groups (41).  Participation rates for both cases and 
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controls were considerably lower among Hispanic families (approximately 40% of study 
population) than non-Hispanics.  Several factors influenced the decision of Hispanic 
families to participate in this interview-based case control study, including language and 
ethnic characteristics of study personnel, cultural factors of the respondents (machismo 
and fatalism), level of staff training, and methods of contact (mailed information, 
telephone calls, in-person).   

The observed differential participation bias in the interview-based case-control 
studies, where cases are less likely to be White than controls, may result in biased effect 
estimates for various potential risk factors, including SES, that are associated with race or 
ethnicity.  This source of bias, which can result in spurious associations between disease 
and the wide range of exposures linked to ethnic status and SES, challenges the 
interpretation of data from many case-control studies.  For example, selection bias is a 
major concern in studies looking at the association of childhood leukemia with exposures 
to extremely low frequency-magnetic fields (ELF-MF) (37, 42).  Owing to low 
participation among cases and controls in some past ELF-MF studies, the potential for 
selection bias is large in most studies of ELF-MF exposure and childhood leukemia, 
except for the ones that were based on existing records and thus did not require subject 
participation (37, 43). 

The comparison of differences by race/ethnic status between the record-based 
studies and the interview-based studies was limited as the majority of the record-based 
studies reported multiple ethnic groups while only a few interview-based studies reported 
data on more than one ethnic group in addition to Whites and others.   

A further limitation of these analyses is that four record-based studies (16-18, 44) 
reported the race/ethnic status distribution as found in birth certificates, while the 
available race/ethnic status data from the corresponding cancer registry were coded into 
non-comparable categories developed by the registry.  Such a difference in the source of 
the race/ethnic status data could contribute to misclassification.  However, for three of the 
four studies (16-18) the data for race/ethnic status distribution as recorded in the cancer 
registry for both the participating cases and non-participating cases were available (Table 
4).  The distribution of race/ethnic status derived from the cancer registry codes were 
slightly different than the race/ethnic status distribution published in the three case-
control studies, with the published distribution having a lower proportion of Whites. 

Another limitation of these analyses is that although considerable efforts were 
made to obtain corresponding cancer registry data or data regarding non-participating 
cases, these data were not available for eight studies (28, 32, 34, 45-49).  Three of the 
studies without reference data reported case participation rates of 43%-69% (28, 34, 49) 
which may represent a wide range of differential selection.  Hence, it is unlikely that the 
absence of these studies would substantially alter the observed results.   

In conclusion, investigators may need to consider differential participation by race 
and ethnic status as a potential source of bias in the interpretation of results from case-
control studies of childhood cancer.  It is important to develop strategies to improve study 
participation of subjects from minority groups and to evaluate the potential effects of 
differential participation on the study results.  
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Table 1.  Characteristics of Selected Childhood Leukemia Case-Control Studies 

 

First author Area 
Period, 
outcome 

No.  
cases 

Primary exposure of 
interest 

Race/ethnicity 
categories* Design 

Individually  
Match on race 

Shaw, 1984  (35) California 1975-1980 255 Several characteristics W, B, H, O Records - 

Kaye, 1991  (34) Minnesota 1969-1988 337 Birth characteristics  W, NW Records - 

London, 1991  (23) Los Angeles, California 1980-1987 232 Magnetic fields NHW, B, A, H Interview + 

Green, 1999  (31) Ontario, Canada 1985-1993 201 Magnetic fields W, A, O Interview + 

McBride, 1999  (32) Quebec, Canada 1990-1994 399 Magnetic fields W, A, O Interview - 

Infante-Rivard, 2001  (27) Quebec, Canada 1980-1993 491 Drinking water W, B, O Interview - 

Reynolds, 2002  (17) 
California 1988-1997 1407 Birth characteristics NHW, B, A, H, NA/O Records - 

Okcu, 2002  (44) Texas 1995 104 Birth characteristics W, B, H, O Records 
- 
 

Spector, 2004  (36) California, Washington 1985-1999 180 Allergies W, B, O Records - 

Rosenbaum, 2005  (25) New York state 1980-1991 255 Allergies, infections W, NW 
Records, mailed  
questionnaires 

+ 

Spector, 2005  (28) United States 1996-2002 240 Maternal diet W, B, H, O Interview - 

Podvin, 2006  (46) Washington 1981-2003 595 Birth characteristics W, B, A, NA, H, O Records - 

McLaughlin, 2006  (16) New York state 1985-2001 1070 Birth weight NHW, B, H, O Records - 

Walker, 2007  (50) Texas 1990-1998 1207 Agricultural activity W, B, H, O Records - 

Kwan, 2007  (22) California 1995-2002 365 Maternal illnesses  NHW, NHB, H, O Interview + 

*W-White, B-Black, A-Asian, NW- non-White, NHW- non-Hispanic White, NHB- non-Hispanic Black,  NA-Native American, H-Hispanic, O-other 

41 



Table 2.  Characteristics of Selected Childhood Brain Tumor Case-Control Studies 
 

First author Area 
Period, 
outcome 

No.  
cases 

Primary exposure of 
interest 

Race/ethnicity 
categories* Design 

Individually 
Match on race 

Preston-Martin, 1982  (24) Los Angeles, California 1972-1977 209 N-Nitroso Compounds W, B Interview + 

Wilkins, 1990 (26) Columbus, Ohio 1975-1982 110 Parental occupation W, NW Interview + 

Emerson, 1991  (51) Washington 1974-1986 157 Birth characteristics W, NW Records - 

Gold, 1993  (21) Eight SEER registries 1977-1981 361 Parental smoking NHW, B, A, H, O Interview + 

Gurney, 1996  (52) Washington 1984-1990 133 Magnetic fields W, NW Interview - 

Norman, 1996  (33) California, Washington 1984-1991 540 Parental smoking W, B, A, H, O Interview - 

Preston-Martin, 1996  (30) Los Angeles, California 1984-1991 298 Magnetic fields NHW, NHB, A, H, O Interview - 

Von Behren, 2003  (18) California 1988-1997 746 Birth characteristics 
NHW, NHB, A/NA/O, 
H, U 

Records - 

Shaw, 2006  (53) British Colombia, Quebec, 
Manitoba, Saskatchewan, & 
Alberta, Canada 

1980-1999 272 Early infections W, NW Interview - 

Bunin, 2006  (19) 
Midwestern & mid-Atlantic 
states 

1991-1997 318 Electromagnetic fields H, NHW, NHB, O Interview + 

Choi, 2006  (20) 
Florida, New Jersey, New York, 
Pennsylvania 

1993-1997 382 Residential toxics  W, B, O Interview + 

Walker, 2007 (50) Texas 1990-1998 766 Agricultural activity W, B, H, O Records - 

* W-White, B-Black, A-Asian, NW- non-White, NHW- non-Hispanic White, NHB- non-Hispanic Black,  NA-Native American, H-Hispanic, O-other, U-unknown 
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Table 3. Racial Distribution in Cases and Controls by Case-Control Study Design 

 

 
Cases 
  %  

Controls   
% 

 White/ 
NH White

Black/NH 
Black Asian Hispanic Other  

White/ 
NH White 

Black/NH 
Black Asian Hispanic Other

 

Leukemia:  Interview-based studies        

Green, 1999 79.6  7.5  12.9  86.7  3.2  10.1 

McBride, 1999 79.0  4.1  16.9  84.7  1.3  13.9 

Infante-Rivard, 2001 94.9 1.0   4.1  96.5 2.2   1.3 

Spector, 2005 79.5 2.1  10.5 7.9  85.5 5.5  3.5 5.5 

Overall OR 95%CI            

Leukemia:  Record-based studies        

Shaw, 1984 64.3 5.1  26.7 3.9  64.3 8.8  19.8 7.1  

Kaye, 1991 97.3    2.7  98.5    1.5  

Okcu, 2002 50.9 2.9  45.2 1.0  45.1 12.5  39.8 2.6  

Reynolds, 2002 38.5 2.7 10.9 47.2 0.6  35.7 8.4 10.8 44.6 0.6  

Spector, 2004 52.0 6.8   41.2  51.9 12.4   35.7  

McLaughlin, 2006 81.1 4.3  10.4 4.2  75.9 6.6  13.3 4.2  

Podvin, 2006 81.4 2.7 5.1 8.4 2.3  79.0 5.3 5.6 7.3 2.8  

Walker, 2007 49.8 5.9  42.6 1.7  47.3 13.4  36.8 2.5  

Overall OR 95%CI             

             

Brain Tumor:  Interview-based studies         

Gurney, 1996 89.5 10.5     94.8 5.2     

Norman, 1996 58.0 7.8 5.4 27.2 1.7  66.5 5.1 3.6 22.9 1.9  

Preston-Martin, 1996 39.6 8.7 5.0 45.6 1.0  35.9 8.1 5.4 49.3 1.3  

Shaw, 2006 93.8 6.3     96.7 3.3     

Overall OR 95%CI             

Brain Tumor:  Record-based studies         

Emerson, 1991 95.5    4.5  91.0    9.0  

Von Behren, 2003 46.7 8.9 8.8† 35.6   34.6 9.5 10.3 45.6   

Walker, 2007 56.0 14.4  28.6 1.0  47.3 13.4  36.8 2.5  

* NH - non-Hispanic.  †Asian & Other. 
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Table 3. Continued 

   

Black/NH* Black
vs.White/ 
NH White  

Asian vs. White/ 
NH White  

Hispanic vs. White/ 
NH White  

Other vs. 
White/ 

NH White 
   OR 95% CI  OR 95% CI  OR 95% CI  OR 95% CI 
Leukemia:  Interview-based studies          

Green, 1999      2.54 1.18,5.46     1.40 0.82,2.36 

McBride, 1999      3.27 1.17,9.11     1.30 0.87,1.94 

Infante-Rivard, 2001   0.46 0.16,1.34        1.85 0.88,3.90 

Spector, 2005   0.41 0.14,1.15     3.17 1.44,6.96  1.55 0.76,3.17 

Overall OR 95%CI   0.43 0.21,0.91  2.78 1.50,5.13  3.17 1.44,6.96  1.42 1.08,1.87 

              

Leukemia:  Record-based studies          

Shaw, 1984   0.58 0.30,1.10     1.35 0.94,1.93  0.56 0.27,1.15 

Kaye, 1991            1.81 0.81,4.00 

Okcu, 2002   0.20 0.06,0.66     1.00 0.67,1.50  0.33 0.04,2.41 

Reynolds, 2002   0.30 0.21,0.43  0.94 0.75,1.17  0.98 0.85,1.13  0.98 0.43,2.21 

Spector, 2004   0.55 0.28,1.05        1.15 0.81,1.64 

McLaughlin, 2006   0.61 0.45,0.83     0.73 0.60,0.90  0.95 0.69,1.30 

Podvin, 2006   0.50 0.30,0.84  0.88 0.60,1.30  1.12 0.82,1.52  0.83 0.47,1.44 

Walker, 2007   0.42 0.32,0.55     1.10 0.96,1.27  0.64 0.39,1.05 

Overall OR 95%CI   0.45 0.35,0.57  0.92 0.76,1.12  1.01 0.86,1.17  0.91 0.72,1.14 
              
Brain Tumor:  Interview-based studies        

Gurney, 1996   2.15 0.99,4.66          

Norman, 1996   1.74 1.11,2.74  1.70 1.00,2.90  1.37 1.05,1.77  1.02 0.44,2.36 

Preston-Martin, 1996   0.98 0.53,1.81  0.85 0.40,1.80  0.84 0.59,1.19  0.68 0.15,3.11 

Shaw, 2006   1.95 0.85,4.45          

Overall OR 95%CI   1.59 1.14,2.20  1.27 0.65,2.48  1.09 0.67,1.75  0.93 0.45,1.93 

Brain Tumor:  Record-based studies          

Emerson, 1991            0.47 0.21,1.05 

Von Behren, 2003   0.70 0.51,0.97  0.63 0.46,0.87  0.58 0.47,0.70  0.63 0.46,0.87 

Walker, 2007   0.91 0.72,1.15     0.66 0.55,0.79  0.35 0.17,0.74 

Overall OR 95%CI   0.82 0.64,1.05  0.63 0.46,0.87  0.62 0.54,0.71  0.55 0.40,0.75 
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Table 4. Cases by Race as Derived From Published Case-Control Studies and Cancer Registries 

  
Case-control studies (cases only)  

 n(%) 
 

Cancer registries, ideal cases 
  n(%) 

Author, year 

 

White/ 
NHa White 

Black / 
NH Black Asian Hispanic 

Other / NH 
Other  

White/ 
NH White 

Black / NH 
Black Asian Hispanic 

Other / NH 
Other 

Leukemia:  Interview-based studies           

London, 1999*, †  117 (50.4) 13 (5.6) 17 (7.3) 85 (36.6)   205 (41.2) 40 (8.0) 22 (4.4) 216 (43.5) 14 (2.8) 

Green, 1999†  160 (79.6)  15 (7.5)  26 (12.9)  778 (83.0) 19 (6.9) 65 (2.0)  76 (8.1) 

Kwan, 2007*, †  188 (51.5) 13 (3.6)  130 (35.6) 34 (9.3)  433 (41.8) 49 (4.7)  405 (39.0) 150 (14.5) 

           

Leukemia:  Record-based studies           

Okcu, 2002†  53 (50.9) 3 (2.9)  47 (45.2) 1 (1.0)  65 (47.1) 9 (6.5)  61 (44.2) 3 (2.2) 

Reynolds, 2002†  702 (42.5) 55 (3.3) 173 (10.5) 693 (42.0) 28 (1.7)  820 (41.7) 67 (3.4) 197 (10.0) 863 (43.9) 18 (0.9) 

Rosenbaum, 2005‡  245 (96.1)    10 (3.9)  369 (92.2)    31 (7.8) 

McLaughlin, 2006‡  945 (88.3) 55 (5.1)  44 (4.1) 26 (2.4)  1091 (86.8) 68 (5.4)  59 (4.7) 39 (3.1) 

             

Brain Tumor:  Interview-based 
t di

          

Preston-Martin, 1982†  192 (91.9) 19 (8.2)     315 (89.2) 38 (10.8)    

Wilkins, 1990‡  106 (96.4)    4 (3.6)  142 (94.0)    9 (6.0) 

Gold, 1993†  276 (76.5) 32 (8.8) 31 (8.6) 19 (5.3) 3 (0.8)  463 (75.4) 75 (12.2) 41 (6.7) 30 (4.9) 5 (0.8) 

Gurney, 1996†  119 (89.5)    14 (10.5)  185 (90.7)    19 (9.3) 

Norman, 1996†  313 (58.0) 42 (7.8) 29 (5.4) 147 (27.2) 9 (1.7)  555 (62.5) 83 (9.3) 34 (3.8) 210 (23.6) 7 (0.8) 

Preston-Martin, 1996†  118 (39.6) 26 (8.7) 15 (5.0) 136 (45.6) 3 (1.0)  196 (43.2) 48 (10.6) 21 (4.6) 172 (37.9) 17 (3.7) 

Bunin, 2006‡  260 (81.8) 16 (5.0)  31 (9.7) 11 (3.5)  403 (72.2) 43 (7.7)  72 (12.9) 40 (7.2) 

Choi, 2006*,‡  335 (87.7) 41 (10.7)   6 (1.6)  455 (86.5) 60 (11.4)   11 (2.1) 

          

Brain Tumor:  Record-based studies          

Von-Behren, 2003†  377 (50.5) 59 (7.9) 46 (6.2) 248 (33.2) 16 (2.1)  456 (50.3) 74 (8.2) 57 (6.3) 307 (33.9) 13 (1.4) 
* Statistically significant difference in the percentage of white cases (P<0.05). 
† Cancer Registry/SEER data.   
‡ Ideal cases data provided by author. 
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Figure 1.  Forest plot displaying odds ratios and 95% confidence intervals in interview-
based studies, comparing White and non-White (Black, Asian, Hispanic, other) by case-
control status, random effect model 
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Figure 2.  Forest plot displaying odds ratios and 95% confidence intervals in record-
based studies, comparing White and non-White (Black, Asian, Hispanic, other) by case-
control status, random effect model 
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Figure 3.  Example of selection bias in a hypothetical case-control study representing 
changes in odds ratios by control selection ratio and exposure prevalence.  Exposure 
prevalence of non-Hispanic Whites is constant at 0.05. 
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Childhood Leukemia and Socioeconomic Status: 

Direction of Association Potentially Depends on Study Design 
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ABSTRACT 

 
Numerous epidemiological studies have examined the association between 

socioeconomic status (SES) and childhood leukemia, providing inconsistent results.  
Interview or questionnaire-based studies tend to show inverse associations and registry-
based studies generally produced positive associations.  In this paper, we compare the 
association between SES and childhood leukemia using data from three sources: face-to-
face interview, birth certificates, and California 1990 and 2000 censuses.  The study 
population is a subset of the Northern California Childhood Leukemia Study, an ongoing 

case-control study.  Results indicate that the direction of association between childhood 
leukemia and SES depends on the study design, with interview-based-case control study 
design indicating inverse association but ecologic level design indicating a positive 
association.  The results of the analysis using interview-based case-control study indicate 
an inverse association, with cases having lower SES levels.  Participating controls had 
statistically significant (P<0.05) higher levels of household income, maternal education 
and maternal age at child’s birth than the participating cases.  In contrast, a positive 
association between SES and childhood leukemia was observed while using individual 
data from birth certificates or from the California 1990 and 2000 censuses with a study 
design that resembles an ecological study (comparison of ideal cases and ideal controls).  
The difference in the direction is probably due to differential participation between cases 
and controls, with participant controls of higher SES than participant cases or of non-
participant controls.  This source of bias, which can result in spurious associations 
between disease and the wide range of exposures linked to SES, challenges the 
interpretation of data from many case-control studies. 
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BACKGROUND 

 
Numerous epidemiological studies have examined the association between 

socioeconomic status (SES) and childhood leukemia, providing inconsistent results.  In a 
1985 review of the epidemiology of childhood cancers, Greenberg and Shuster indicated 
a remarkable consistency of results across various study locations and periods of time, 
indicating a positive association between SES and risk of leukemia among children (1).  
More than a dozen years later, in 1999, the National Cancer Institute (NCI) classified 
high SES as a ‘known risk factor’ for acute lymphoblastic leukemia (ALL) (2).  
However, the report by the NCI did not include several studies published after 1982 that 
reported associations in the inverse direction, with lower rates of leukemia associated 
with higher levels of SES.  These studies were included in a later review by Poole et al. 
(2005) on the associations between childhood leukemia and SES  (3).  Poole et al. 
concluded that the noted association depends on study design with individual level data 
(interview-based) tending to show inverse associations while ecologic level data (mostly 
census-based) tending to show positive association.   

Individual-level measures of family income (4-11), mother's education (4, 6, 8-16) 
and parental education (4, 6, 8-11, 16-20) have been found to be consistently associated 
with childhood leukemia in the inverse direction, with higher rates associated with lower 
SES levels.  However, the results of studies on childhood leukemia and ecologic or 
population-level measures of SES indicate that almost all of the studies of SES and 
childhood leukemia shows a positive association (21-27), few reported mixed results (28-
30), and only two indicated an inverse association (31, 32).   

The difference in the direction of association between the individual-level data 
and the ecologic-level (population based) data could be explained by a potential effect of 
selection bias.  Selection bias related to SES might be a major cause underlying the 
heterogeneous results, with interview-based case-control studies including most cases, 
but only a selected subset of all relevant controls.  This results in an overrepresentation of 
high-SES controls owing to a lower response rate in controls of lower SES.  Ecologic- 
level studies collect data for all subjects and are less prone to selection bias. 

Although there are numerous reviews of this literature, to our knowledge, this is 
the first study on the association between SES and childhood leukemia to use both 
interview-based and registry-based study design using the same study population.   
 
 

METHODS 

 
Study population 

The Northern California Childhood Leukemia Study (NCCLS) is an ongoing 

case-control study, commenced in 1995.  Phase I of the study (1995–1999) included 17 
counties in the San Francisco Bay Area, and phases II and III (1999–today) included 18 
additional counties in the California Central Valley.  Incident cases of childhood leukemia 

were rapidly ascertained from nine pediatric clinical centers, usually within 72 hours after 
diagnosis.  For each case, one or two control subjects were randomly selected from birth 
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certificates through the California Office of Vital Records, matched on age, sex, Hispanic 
ethnicity, and maternal race.  The eligibility criteria for all subjects were (1) being a 
resident of the study area, (2) aged below 15 years at case diagnosis date (reference date 
for controls), (3) having at least one English- or Spanish-speaking parent or guardian, and 
(4) without previous cancer.   

A detailed description of control selection in the parent NCCLS study has been 
published previously (33, 34).  In short, for each control, a set of four birth certificates 
meeting the matching criteria was randomly generated.  One of the four birth certificates 
was randomly chosen as a potential control to be recruited (first choice control).  If the 
recruitment with the first-choice control was not successful, another birth certificate from 
those remaining was randomly selected.  Additional sets of four birth certificates were 
requested if recruitment was not successful with the first set of birth certificates.  Figure 1 
presents the selection of cases and controls in the NCCLS, August 1995 - December 
2004.   

The study was approved by the University of California Committee for the 
Protection of Human Subjects, the California Health and Human Services Agency 
Committee for the Protection of Human Subjects, and the Institutional Review Boards of 
all the participant hospitals.   

 
Data collection 

Individual-level data of SES measures (family income, parental education, etc.) 
were collected by an in-home interview with the biological mother for all of the 
participating subjects.  In addition, data were collected from birth certificates for all 
subjects, regardless of their participation status.  Birth certificate information included 
date of birth, residence at time of birth, gender, race/ethnicity, parental age, education, 
and occupation.  

Ecologic-level data were collected using the mother's residential address at the 
time of child's birth.  Residences were assigned address-level latitude and longitude 
coordinates using a geographic information system.  Each address was assigned to a 1990 
or 2000 US Census block group, depending on the child’s date of birth.  When possible, 
the addresses that could not be matched automatically were manually located.  The 
geocoding was carried out using ArcView GIS software (35).  Data from the U.S. Census 
Bureau were used to derive neighborhood measures of urbanization and SES.  The 
methods for creating these variables have been previously described (36, 37).  In short, 
urbanization included four levels: metropolitan urban (population greater one million; 
highest quartile of population density within an urbanized area), metropolitan suburb 
(population greater one million; the rest of the population within an urbanized area), city 
(population >= 50,000, outside of urbanized area), and rural/town (population < 50,000, 
outside of urbanized area).  To create the SES neighborhood variables, the California 
block groups were ranked separately by education level (percentage of adults ≥ 25 years 
of age completing a college degree or higher), income (median family income), and 
occupation (percentage of adults employed in managerial/professional occupations) 
according to quartiles, based on the statewide adult population (38, 39).  This resulted in 
a score of 1–4 for each of these SES attributes.  A summary SES metric was created by 
summing the scores across each of the four SES attributes and categorizing them into 
four groups (high to low), based on the quartiles of this score.  
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Statistical analysis 
Descriptive analyses were conducted to compare distributions of socio-

demographic characteristics by study design and between several case and control groups 
(interview based case-control and record based case-control).  The first analysis, using 
interview-based design, was done to compare individual level data (using interview data) 
between actual (participating) cases (n=685) and actual controls (first-choice 
participating and non-first choice participating controls) controls (n=877).   

The second analysis was performed to compare individual-level data (using birth 
certificate data) between actual cases and actual controls (interview based design).  It also 
compared ideal cases (participating and non-participating; n=791) and ideal controls (first 
choice participating and non-first choice participating controls; n=877).  The latter 
comparison may use individual level data from birth certificates, but the study design 
resembles a record based case-control study.   

The third analysis was performed to compare ecologic-level data (California 1990 
and 2000 censuses) between actual cases and actual controls as well as between ideal 
cases and ideal controls.  The results of the three analyses will be compared to assess 
change in the direction of the association change while using different sources of data 
(individual-level data versus ecologic-level data) and by study design (interview-based 
versus record-based).  Additional analysis was done to compare SES measures between 
participating controls to non-participating controls.  
 
 

RESULTS 

 
The sociodemographic characteristics from the in-person interview of the actual 

cases (n=685) and controls (n=838) are shown in Table 1.  Actual cases and controls 
were comparable with respect to the matching variables (age, gender, race, and Hispanic 
status) as well as parental occupation.  Actual controls had statistically significant 
(P<0.05) higher levels of household income, maternal education and maternal age at 
child’s birth than the actual cases.  These results remained significant after adjusting for 
the matching variables.  Overall, although not all comparisons of the interview-based data 
yielded significant results, all comparisons indicated an inverse association between 
childhood leukemia and SES, with cases more likely to have lower level of SES than 
controls (Table 1). 

A similar trend was observed while comparing individual-level data from birth 
certificates between actual cases and actual controls.  This comparison, also using 
interview-based design with individual level data, indicated an inverse association 
between childhood leukemia and SES characteristics in all studies characteristics.  This 
analysis indicated that actual controls had statistically significant (P<0.05) higher levels 
maternal education and maternal age at child’s birth than the actual cases.   In contrast, 
while using the same birth certificate data with record-based design to compare ideal 
cases (n=791) and ideal controls (n=877) all comparisons indicated a positive association 
between childhood leukemia and SES characteristics.  This analysis aimed to use 
individual-level data with a subject selection that resembles record based study design.  
Ideal controls had statistically significant (P<0.05) lower levels of paternal education 
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(P=0.006) and were less likely to be in the professional occupation category (p=0.021) 
(Table 2). 

Table 3 presents the characteristics of cases and controls using population-level 
data from the California 1990 and 2000 censuses.  Similar to the trend above, the 
comparison between the actual cases and the actual controls showed inverse association 
between SES measures and childhood leukemia, while the comparison of ideal cases to 
ideal controls indicate a positive association.  Our results are consistent with those of 
previous population studies, observing an association between SES and increased risk of 
childhood leukemia.  

Participating controls (both first choice and non-first choice) had a significantly 
(P < 0.001) higher SES than the non-participating controls in all SES categories, both 
birth certificates and from census (Table 4).   
 

 

DISCUSSION 

 
To our knowledge, this is the first study on the association between SES and 

childhood leukemia to use both interview-based and registry-based study designs, as well 
as three different sources of data, using the same study population.  Results indicate that 
the direction of association between childhood leukemia and SES depends on the study 
design, with interview-based case- control study design indicating an inverse association, 
but record-based designs indicating a positive association.   

The results of the analysis using data from an interview-based case-control study 
indicate an inverse association between childhood leukemia and SES, with cases having 
lower SES levels.  Actual controls had statistically significant (P<0.05) higher levels of 
household income, maternal education and maternal age at child’s birth than the actual 
cases.  These results were in line with previous studies reporting an inverse association 
between childhood leukemia and individual level SES characteristics, such as mother 
education (4, 6, 8-16), and household income (4-11).   

A similar trend of an inverse association was observed while comparing 
individual level data from birth certificates while using the same sample of actual cases 
and controls.  In contrast, a positive association was observed while using individual 
level data from birth certificates (Table 2) or from the censuses (Table 3) with a study 
design that resembles a population study by comparing ideal cases to ideal controls.  
These results are consistent with those of previous population studies, reporting an 
association between increased risk of childhood leukemia and SES characteristics: higher 
paternal education, professional class, census income, and poverty (21-27). 
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Our conclusions are in line with Poole et al. who conducted a review of SES and 
childhood leukemia (2006), observing that while case-control studies with interviews or 
self-administered questionnaires reported an inverse association between individual level 
measures of SES (family income, father’s education, and mother’s education) and 
childhood leukemia, record-based case-control and ecologic studies tend to show a 
positive association between childhood leukemia and father’s occupational class or 
average occupational class (3).  Poole et al. indicated that it is not clear whether the 
observed differences were due to inherent differences in the SES measures or due to 

 



differences in study designs.  However, our second and third analysis, using comparable 
SES measures, indicates that the observed differences are more likely to be the result of 
study design than inherent differences in the SES measures. 

Furthermore, our comparison between participating controls (both first choice and 
non-first choice) to non-participating controls indicated that participating controls had a 
significantly (P < 0.001) higher SES in all categories, of both birth certificates and 
census.  A similar trend was observed when comparing participating cases to non-
participating cases, though significance (P<0.05) was observed only for percent 
professionals, income, and college degree (data not shown).  These results may indicate 
that the differences in the direction of association depend on study design: with 
interview-based case-control studies suffering from lower participation rate than record-
based studies. 

The low participation rates in case-control studies may allow for a wider range of 
differential selection but it does not necessarily indicate the presence of selection bias, 
and a study may be completely unbiased in spite of poor participation (40). Even if 
selection and/or response rates are different for cases and controls and/or for exposed and 
unexposed subjects, it does not necessarily indicate selection bias.  Selection bias 
develops only if the selection/inclusion probabilities are differential for cases and 
controls based on their exposure status (40).   The observed differential participation rates 
in the interview-based case-control studies, where cases are less likely to be of higher 
SES than controls, may result in biased effect estimates for various potential risk factors 
that are associated with SES.  This source of bias, which can result in spurious 
associations between disease and the wide range of exposures linked to SES, challenges 
the interpretation of data from many case-control studies.  

The association between participation in epidemiologic studies and SES, 
especially case-control studies, is well documented, with individuals of higher SES more 
likely to participate than individuals of lower SES (41-43).  It has been shown that more 
educated persons are more likely to participate in studies (44), regardless of type of study 
or methods of data collection (45), and employed are more likely to participate than 
unemployed (45, 46).  Participation may also differ by race/ethnicity; for example, 
Hispanics are less likely to participate than non-Hispanic Whites (47-52).  In addition, 
women are more likely to participate than men (53, 54) and older persons are more likely 
to participate than young persons (53, 54). 

Participation rates for epidemiologic studies have been declining over the past 30 
years (55, 56), with even steeper declines seen in recent years.  Morton et al. (2006) have 
conducted a retrospective review of reporting participation in epidemiologic studies to 
assess changes in participation over time.  The authors concluded that participation rates 
have declined during 1970–2003 for all study designs (55), with population-based, case-
control studies having the most steep decline, particularly for controls  (-1.86% per year, 
95% CI: -3.03,-0.69).  During the past 3 decades, proportionally more studies have 
collected biologic specimens, but fewer than 3 in 10 reported participation for the 
specimen component (57). 

Various studies have pointed out the increasingly challenging task of achieving 
high levels of participation in epidemiologic studies (55-59).  Several factors have been 
found to affect participation. The salience of the topic exerts the strongest effect on 
willingness (57, 60): various family and medical history or exposure factors, especially 
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those involved with the topic under study (44) and including disease status (61, 62).  For 
example, participation rates among cases in case-control studies are consistently higher 
than those among controls (61, 62).  In addition, the methods of recruitment can 
contribute (44, 63), with face-to-face or other in-person approaches eliciting higher 
response than initial telephone contacts, but they are more expensive and harder to 
monitor for quality assurance (57).  The personality, training, and experience of the 
recruiter have major effects (57).  The use of incentives (64, 65) was found to enhance 
response, especially incentives given early in the recruitment process (57).  Reducing the 
burden of interview is important.  Clear questionnaire structure (65, 66) that reduce the 
time or burden of the interview; shorter instruments, and as well as method and number 
of contacts (65, 67).  Studies requiring substantial time commitments or involving 
invasive procedures have lower participation rates than studies with lower participant 
burdens.  Lastly, it is important to show respect to participants by offering them the 
results of the measurements done on them, as well as the option of receiving a summary 
of the study findings.  There are many different methods for increasing participation 
rates, yet the constant decline in participation rate in epidemiological studies over the past 
three decades shows that improving participation rates has become more and more 
challenging for investigators.  

The comparison of differences by SES between the studies using population-
based data and the interview-based data was limited because of the matching on race 
done in the NCCLS.  Although our analysis used a sample of the NCCLS study 
population and therefore wasn’t a matched file, our cases and controls did come from the 
matched NCCLS and therefore had some racial similarity which prevented us from 
comparing racial and Hispanic status between cases and controls.  In addition, with race 
being associated with many SES characteristics it also had potential to reduce the 
observed differences between the actual cases and controls, as well as between the ideal 
cases and controls.  

Results indicate that the direction of association between childhood leukemia and 
SES depends on the study design, with interview-based case-control study design 
indicating an inverse association but studies using record-based designs indicating a 
positive association.  The difference in the direction is probably due to differential 
participation between cases and controls in the interview-based study, with participant 
controls of higher SES than participant cases or of non-participant controls.  The 
observed differential participation bias may result in biased effect estimates for various 
potential risk factors that are associated with SES.  This source of bias, which can result 
in spurious associations between disease and the wide range of exposures linked to SES, 
challenges the interpretation of data from many case-control studies.  With the constant 
decrease over the last three decades in subject participation, it is important to develop 
strategies to improve study participation and collection of data from non-participants in 
order to adjust for potential bias introduced by study nonparticipation. 
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 Figure 1.  Selection of cases and controls for the Northern California Childhood Leukemia 
Study, August 1995 - December 2004 
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Table 1.  Characteristics of actual cases and actual controls using individual-level data from 
in-person interview, the Northern California Childhood Leukemia Study, August 1995 - 
December 2004 

 

Actual 
Cases 
n=685  

Actual 
controls  
n=838  

 No. (%)  No. (%) 
Direction of 
association p value1 OR (95% CI)2 

Child’s age, years       
Mean (SE) 5.52 (0.14)  5.43 (0.13)  0.619 - 
       
Child’s Sex       
Male 382 (55.77)  471 (56.2)  0.863 - 
Female 303 (44.23)  367 (43.8)    
       
Race/ethnicity       
Non-Hispanic White 268 (39.3)  355 (42.4)  0.633 - 
Non-Hispanic Black 22 (3.2)  23 (2.7)    
Non-Hispanic other 102 (14.9)  116 (13.8)    
Hispanic 291 (42.6)  344 (41.1)    
       
Hispanic status       
Non-Hispanic 392 (57.4)  494 (58.9)  0.541 - 
Hispanic 291 (42.6)  344 (41.1)    
       
Maternal age at child’s birth        
Mean (SE) 28.2 (0.24)  29.1 (0.21) - 0.004 -0.01 (-0.00; -0.01) 
       
Maternal Education, years       
High school or less 289 (42.4)  298 (35.6)  0.025  
Some college 198 (29.0)  268 (32.0)   0.73 (0.56-0.95) 
College or postgraduate 195 (28.6)  271 (32.4) -  0.70 (0.53-0.93) 
       
Paternal Education, years       
High school or less 222 (45.2)  264 (41.1)  0.267  
Some college 109 (22.2)  166 (25.9)   0.80 (0.58-1.09) 
College or postgraduate 160 (32.6)  212 (33.0) -  0.93 (0.67-1.28) 

       
Household income, $       
< 15,000 115 (16.8)  80 (9.6)  < 0.001  
15,000-44,999 226 (33.1)  216 (25.8)   0.71 (0.50-1.00) 
45,000-74,999 162 (23.7)  214 (25.5)   0.46 (0.32-0.67) 
≥75,000 180 (26.4)  328 (39.1) -  0.31 (0.21-0.45) 

       
Parental occupation       
Factory, agriculture 164 (34.3)  167 (33.6)    
Clerical, sales, services 153 (31.9)  151 (30.4)    
Professional, technical, managers 162 (33.8)  179 (36.0) - 0.757  

       
Residence type       
Trailer & other 9 (2.6)  4 (1.8)  0.272  
Apartment 67 (19.7)  56 (14.9)    
Multiple family homes 35 (10.3)  36 (9.6)    
Single family homes 230 (67.4)  277 (73.7) -   
1 Direction of association – between cases and controls comparing last category.   2 p values derived from chi-squared tests for 
categorical variables and t-tests for continuous variables.  3  Odds ratio and 95% confidence intervals (CI) using logistic regressions for 
categorical variables and Linear regression for continuous variables adjusting for: Child’s age at dx, sex, Hispanic status, and race.
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Table 2.  Characteristics of cases and controls using population-level data from birth certificates, the Northern California 
Childhood Leukemia Study, August 1995 - December 2004 

 

Actual 
cases 
n=685 

Actual 
controls 
n=838  

Ideal 
cases 
n=791 

Ideal 
controls 
n=877 

 
No. (%) No. (%) 

Direction 
of 

association
1 

Actual 
cases vs. 
Actual 

controls 
p value2 OR (95% CI)3 

 
No. (%) No. (%) 

Direction 
of 

association
1 

Ideal cases 
vs. Ideal 
controls 
p value2 OR (95% CI)3 

            
Race/ethnicity            
Non-Hispanic White 281 (41.0) 368 (43.9)  0.535   298 (39.0) 339 (38.8)  0.720  
Non-Hispanic Black 28 (4.1) 26 (3.1)     36 (4.7) 36 (4.1)    
Non-Hispanic other 77 (11.2) 86 (10.3)     86 (11.3) 87 (10.0)    
Hispanic 299 (43.6) 358 (42.7) -    344 (45.0) 411 (47.1) +   
            
Hispanic status            
Non-Hispanic 386 (56.3) 480 (57.3)  0.716   420 (55.0) 462 (52.9)  0.406  
Hispanic 299 (43.7) 358 (42.7) -    344 (45.0) 411 (47.1) +   
            
Maternal age, years            
Mean (SE) 28.2 (0.24) 29.1 (0.21) - 0.004 -0.01 (-0.00; -0.00)  28.1 (0.23) 27.7 (0.22) + 0.259 0.01 (-0.01 – 0.00)
            
Maternal Education, 
years   

 
 

  
  

 
  

≤ 12 295 (52.9) 338 (45.1)  0.016   345 (55.3) 483 (59.8)  0.118  
13-15 104 (18.7) 173 (23.1)   0.66 (0.49-0.90)  108 (17.3) 140 (17.4)   0.89 (0.60-1.31) 
≥ 16 158 (28.4) 238 (31.8) -  0.72 (0.54-0.97)  171 (27.4) 184 (22.8) +  0.77 (0.54-1.12) 
Mean (SE) 12.6 (0.16) 13.2 (0.12) - 0.004   12.5 (0.15) 12.2 (0.13) + 0.148  
            
Paternal Education,  
years   

 
 

  
  

 
  

≤ 12 256 (48.4) 342 (46.9)  0.856   306 (51.6) 446 (58.2)  0.037  
13-15 103 (19.5) 143 (19.6)   0.99 (0.72-1.34)  105 (17.7) 127 (16.6)   1.09 (0.74-1.61) 
≥ 16 170 (32.1) 244 (33.5) -  0.98 (0.73-1.31)  182 (30.7) 193 (25.2) +  1.07 (0.74-1.54) 
Mean (SE) 13.1 (0.16) 13.2 (0.14) - 0.856   13.0 (0.16) 12.4 (0.14) + 0.006  

            
Parental occupation            
Factory, agricultural  210 (36.8) 280 (35.4)  0.868   239 (37.4) 336 (41.3)  0.021  
Clerical, sales, services 193 (33.9) 274 (34.7)   0.96 (0.73-1.25)  220 (34.4) 300 (36.8)   1.14 (0.82-1.60) 
Professional, technical, 
managers 167 (29.3) 236 (29.9) 

- 
 

0.96 (0.72-1.29)  
180 (28.2) 178 (21.9)

+  
1.07 (0.74-1.55) 
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1 Direction of association – between cases and controls comparing last category.   2 p values derived from chi-squared tests for categorical variables and t tests for continuous variables.   3  
Odds ratio and 95% confidence intervals (CI) using logistic regressions for categorical variables and Linear regression for continuous variables adjusting for: Child’s age at dx, sex, Hispanic 
status, and race.



Table 3.  Characteristics of cases and controls using ecological-level data from California 1990 and 2000 census, the Northern 
California Childhood Leukemia Study, August 1995 - December 2004 

 

Actual 
cases 
n=685 

Actual 
controls 
n=838 

Ideal 
cases 
n=791 

Ideal 
controls 
n=877 

 No. (%) No. (%) 

Direction 
of 

association
1 

Actual cases 
vs. Actual 
controls 
p value2 OR (95% CI)3 No. (%) No. (%) 

Direction 
of 

association
1 

Ideal cases 
vs. Ideal 
controls 
p value2 OR (95% CI)3 

SES            
Low 160 (24.5) 153 (19.7)  0.191 0.82 (0.60-1.12)  178 (25.4) 251 (29.0)  0.195  
Medium - Low 156 (24.0) 178 (23.0)   0.68 (0.49-0.95)  168 (24.0) 218 (25.2)   0.94 (0.64-1.39) 
Medium - High 160 (24.5) 215 (27.7)   0.69 (0.49-0.97)  169 (24.1) 202 (23.4)   0.86 (0.57-1.29) 
High 176 (27.0) 229 (29.6) -    185 (26.4) 194 (22.4) +  0.85 (0.56-1.30) 
            
Percent Income ($)           
< 35,000 154 (23.6) 147 (19.0)  0.818   167 (23.8) 237 (27.4)  0.114  
35,000 – 49,999 143 (21.9) 171 (22.1)   0.79 (0.60-1.09)  158 (22.5) 213 (24.6)   0.89 (0.60-1.31) 
50,000 – 74,999 169 (25.9) 211 (27.2)   0.75 (0.54-1.03)  177 (25.3) 209 (24.2)   0.98 (0.66-1.46) 
≥ 75,000 187 (28.6) 246 (31.7) -  0.70 (0.50-0.98)  199 (28.4) 206 (23.8) +  0.86 (0.57-1.29) 
Mean (SE) 42,831 (682) 43,065 (749) -    43,881 (714) 40,069 (583) + < 0.001  
            
Percent college degree           
< 10.0 161 (24.7) 162 (20.9)  0.188   178 (25.4) 256 (29.6)  0.078  
10.0 – 19.9 152 (23.3) 166 (21.4)   0.91 (0.66-1.24)  161 (23.0) 219 (25.3)   1.05 (0.71-1.55) 
20.0 – 39.9 167 (25.5) 219 (28.3)   0.74 (0.54-1.02)  181 (25.8) 194 (22.4)   0.89 (0.60-1.31) 
≥ 40.0 173 (26.5) 228 (29.4) -  0.73 (0.53-1.02)  181 (25.8) 196 (22.7) +  0.91 (0.60-1.37) 
Mean (SE) 26.4 (0.8) 27.5 (0.7) - 0.305   26.0 (0.8) 23.3 (0.6) + 0.007  
            
Percent professionals           
< 2.0 170 (26.1) 169 (21.8)  0.125   187 (26.7) 249 (28.8)  0.731  
2.0 – 2.9 156 (23.9) 174 (22.5)   0.87 (0.64-1.19)  168 (24.0) 213 (24.6)   0.98 (0.66-1.44) 
3.0 – 3.9 173 (26.5) 218 (28.1)   0.76 (0.56-1.04)  185 (26.4) 213 (24.6)   0.85 (0.57-1.25) 
≥ 4.0 153 (23.5) 214 (27.6) -  0.67 (0.48-0.94)  160 (22.9) 190 (22.0) +  0.75 (0.49-1.14) 
Mean (SE) 25.9 (0.6) 29.9 (0.5) - 0.194   25.6 (0.5) 24.2 (0.4) + 0.054  
            
Percent below poverty           
< 4.0 193 (29.6) 235 (30.3)  0.056   202 (28.8) 206 (23.8)  0.127  
4.0 – 7.9 148 (22.7) 217 (28.0)   0.84 (0.63-1.12)  160 (22.8) 197 (22.8)   0.88 (0.61-1.25) 
8.0 – 19.9 153 (23.4) 168 (21.7)   1.13 (0.84-1.52)  165 (23.5) 221 (25.5)   1.08 (0.74-1.57) 
≥ 20.0 159 (24.3) 155 (20.0) -  1.28 (0.93-1.80)  174 (24.8) 241 (27.9) +  1.07 (0.71-1.59) 
Mean (SE) 12.1 (0.4) 12.9 (0.4) - 0.328   12.2 (0.4) 13.7 (0.4) + 0.004  
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1 Direction of association – between cases and controls comparing last category.   2 p values derived from chi-squared tests for categorical variables and t tests for continuous 
variables. 3 Odds Ratios (OR) and 95% confidence intervals (CI) using logistic regressions adjusting for: child’s age at dx, sex, Hispanic status, and race.



Table 4.  Characteristics of participant and non-participant controls, data from birth 
certificates and California 1990 and 2000 census, the Northern California Childhood 
Leukemia Study, August 1995 - December 2004 
 Participant 

controls 
n= 838  

Non-participant 
controls  n= 520 

 

 No. (%)  No. (%) p value1 
     
Race/ethnicity     
Non-Hispanic White 368 (43.9)  165 (32.0) < 0.001 
Non-Hispanic Black 26 (3.1)  25 (4.8)  
Non-Hispanic other 86 (10.3)  61 (11.8)  
Hispanic 358 (42.7)  265 (51.4)  
     
Maternal age at child’s birth      
Mean (SE) 29.1 (0.21)  26.9 (0.28) < 0.001 
     
Maternal Education, years     
≤ 12 338 (45.1)  324 (67.9) < 0.001 
13-15 173 (23.1)  76 (15.9)  
≥ 16 238 (31.8)  77 (16.2)  
Mean (SE) 13.2 (0.12)  11.5 (0.12) < 0.001 
     
Paternal Education, years     
≤ 12 342 (46.9)  292 (65.3) < 0.001 
13-15 143 (19.6)  67 (15.0)  
≥ 16 244 (33.5)  88 (19.7)  
Mean (SE) 13.2 (0.14)  11.8 (0.19) < 0.001 

     
Parental occupation     
Factory, agricultural  280 (35.4)  206 (43.4) < 0.001 
Clerical, sales, services 274 (34.7)  191 (40.3)  
Professional, technical, managers 236 (29.9)  77 (16.2)  
     
SES     
Low 153 (19.7)  173 (34.0) < 0.001 
Medium - Low 178 (23.0)  135 (26.5)  
Medium - High 215 (27.7)  109 (21.4)  
High 229 (29.6)  92 (18.1)  
1 p values derived from chi-squared tests for categorical variables and t tests for continuous variables.  
2 Odds Ratios (OR) and 95% confidence intervals (CI) using logistic regressions adjusting for: Child’s age at dx, sex, Hispanic status, 
and race. 
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ABSTRACT 

 
Data from the Northern California Childhood Leukemia Study were used to assess 
whether control selection bias may explain the association between electromagnetic fields 
and childhood leukemia as previously observed in case-control studies.  Information on 
residential address at the time of child’s birth and parental socio-demographic 
characteristics were available from the birth certificate for all subjects, regardless of their 
participation.  Five control groups were defined: first selected [choice] participant (A); 
non-first choice participant (B); first choice non-participant (C); actual controls (A & B); 
ideal controls (A & C).  Wiring configuration codes were determined for birth residences 
of control groups A (n=174), B (n=220), C (n=252), as well as of participating cases 
(n=310) and non-participant cases (n=66).  Analyses indicated that actual controls tended 
to be of higher socioeconomic status than the first choice non-participant controls, and 
that lower socioeconomic status was related to higher configuration codes categories.  
The odds ratios (OR) for developing childhood leukemia in the high-current 
configurations category were 1.43 (95% confidence interval (CI): 0.91, 2.26) compared 
to control A, while no associations were observed when compared to controls B 
(OR=1.06, 95% CI: 0.71-1.60) or C (OR=1.06, 95% CI:0.71-1.57).  Participant cases 
assigned to high-current configurations experience a non-significant increased risk of 
childhood leukemia, when compared to the actual controls (OR=1.21, 95% CI: 0.85-
1.72).  The comparison between ideal cases to the ideal controls indicated a similar result 
(OR=1.18, 95% CI: 0.85-1.64).  Our results show that the observed risk estimates depend 
on the selected control group.  In addition, our results indicate no association between 
wire configuration codes and childhood leukemia in the NCCLS and that selection bias is 
not likely to play a role in this study.   
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 BACKGROUND 

 
The association between extremely low-frequency (ELF) magnetic fields (MF) 

and childhood leukemia has been extensively studied since the first publication in 1979 
by Wertheimer and Leeper (1).  Since then, more than 25 epidemiological studies have 
been conducted on this topic, with major improvements in exposure assessment over 
time.  Most of these studies were included in two pooled analyses published in 2000 by 
Greenland et al. (2) and Ahlbom et al. (3), including original data from 15 and nine 
studies, respectively.  Greenland et al. indicated no association between childhood 
leukemia and MF levels less than 0.3 µT, but reported a statistically significant 1.7 fold 
increased risk for MF levels over 0.3 µT, compared to reference of less than 0.1 µT.  
Based on four studies with both wire configuration codes (used as a surrogate for EMF 
exposure) and MF measurement data (4-7), the summary effect estimate for VHCC (very 
high current configurations) vs. LCC (low current configurations) was elevated after 
adjusting for MF levels (OR=1.6; 95% CI: 1.2–2.3)(2).  The second pooled analysis, by 
Ahlbom et al., used more restrictive inclusion criteria and similar to the results by 
Greenland et al., indicated no apparent association between MFs and childhood leukemia 
below MF level of 0.4 µT.  However, the summary odds ratio for exposure >0.4 µT as 
compared with exposure <0.1 µT was 2.1 (95% CI: 1.3 -3.3) (3).   

Following these two pooled analysis in 2002,  the International Agency for 
Research on Cancer (IARC) classified power-frequency magnetic field as a possible 
human carcinogen (group 2B) (8).  In addition, the International Commission for Non-
Ionizing Radiation Protection (ICNIRP) Standing Committee on Epidemiology concluded 
that among all the health outcomes evaluated in epidemiological studies of ELF-MF, the 
strongest evidence for an association exists between childhood leukemia and post-natal 
exposure to MFs greater than 0.4 µT (9).   

In spite of the suggestive epidemiological findings, and IARC classification, there 
is no supporting biological evidence in either cellular or animal experimental studies to 
support the epidemiological observation.  Hence, it remains uncertain whether the 
association between childhood leukemia and MF is causal.  Among alternative 
explanations are the role of confounding factors, measurement errors, and selection bias.  
Confounding effects of socioeconomic status (SES), residential mobility, residence type, 
viral contacts, and traffic density have been raised as possible explanations for the 
observed associations (10-13).  Despite the extensive research, no single confounder or 
set of confounders has been identified that could explain the observed association (11, 
14).  Selection bias has been suggested as a potential explanation in several studies.  
However, the assessment of selection bias requires considerable resources as well as 
early planning and therefore it is difficult to be assessed.  To our knowledge, only three 
studies to date have assessed the role of selection bias in the association between 
childhood leukemia and MF.  Hatch et al. estimated the risk of acute lymphoblastic 
leukemia (ALL) for four levels of wire configuration codes, and compared analyses with 
and without partial participant controls (controls for whom no indoor-measurement were 
available) (11).  The OR associated with living in homes with VHCC increased by 23% 
when partial participants were excluded from the model.  The authors conclude that while 
confounding alone is unlikely to be an important source of bias, selection bias may be 
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more of a concern, particularly in light of the generally low response rates among 
controls in case-control studies (11).  Gurney et al. assessed the relationship between 
family income and wire configuration codes and noted that lower family income tended 
to be associated with higher wire configuration codes (12).  The authors estimated that 
differential participation of cases and controls by their income status could result in an 
upward bias of the high wire configuration codes and childhood leukemia association in a 
case-control study; the odds ratio would be inflated by 1.03 to 1.24-fold.  A recent 
publication by Mezei et al. evaluated the role of selection bias in the 1999 Canadian case-
control study of childhood leukemia and residential magnetic field exposure (5, 15).  This 
study included 340 cases and 493 controls.  The authors reported that the risk estimates 
for childhood leukemia in the highest exposure category were 1.6 (95% CI: 1.0, 2.6) 
when the actual participant controls (first choice and non-first choice) were used and 1.3 
(95% CI: 0.8, 2.1) when the first-choice controls (participant and non-participant) were 
used  (15).   

The aim of our study is to assess whether selection bias may explain the observed 
epidemiological association between electromagnetic fields and childhood leukemia, 
using birth certificates information for a large number of  non-participant and participant 
leukemia cases and controls. 
 
 

MATERIALS AND METHODS 

 
Study population 

The study population is a subset of the Northern California Childhood Leukemia 
Study (NCCLS), an ongoing case-control study that began in 1995.  The NCCLS has 
been recruiting children with leukemia from nine hospitals in the 35 counties located in 
the Northern California region.  Incident cases of childhood leukemia were identified on 
the basis of the International Classification of Diseases for Oncology criteria (WHO 
2000) using rapid case ascertainment procedures, usually within 72 hours after diagnosis.   

The NCCLS eligibility criteria for cases and controls were: 1) being a resident of 
the study area; 2) being less than 15 years of age at the time of case diagnosis (reference 
date for controls); 3) having no previous diagnosis of cancer; and 4) having at least one 
English or Spanish-speaking parent or guardian.  The latter were included in the study of 
wire configuration codes if they were eligible.  The present wire configuration codes 
study (2002 – 2006) includes all NCCLS eligible subjects (regardless of their 
participation to the study) who met three additional eligibility criteria; 1) being less than 
8 years of age at the time of case diagnosis (reference date for controls); 2) living in the 
same residence since diagnosis for cases (reference date for controls); and 3) interviewed 
before October 2006.   

A detailed description of control selection in the parent NCCLS study has been 
published previously (16, 17).  For each case four potential control subjects were 
randomly selected from birth certificates through the California Office of Vital Records, 
matched on age, sex, Hispanic ethnicity, and maternal race.  The birth certificates for the 
four potential birth certificate controls and the case (if born in California) were obtained 
from the Center for Health Statistics (17).  One of the four birth certificate controls was 
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randomly selected as the first potential control to be recruited for the study (referred to as 
ideal controls).  Professional interviewers contacted each family using standardized 
searching protocols.  If the first-choice control could not be located, was ineligible, or 
declined to participate (first-choice non-participant controls), the next randomly selected 
potential control was pursued.  This procedure was repeated until an eligible and 
consenting control was enrolled in the study (non-first choice participant control).  If no 
control was enrolled by using the first set of four birth certificates, additional certificates 
were requested from the Center for Health Statistics and the process described above was 
repeated.  A detailed figure presenting the process of selection of cases and controls is 
presented in Figure 1.  The controls were divided into two groups: actual controls 
(n=394) and ideal controls (n=426).  Actual controls include first choice participant 
controls (group A, n=174) combined with non-first choice participant controls (group B, 
n=220).  Ideal controls consist of first-choice participant controls (A, n=174) and first-
choice non-participant controls (group C, n=252).  Ideal cases include participating cases 
(n=310) and non participant cases (n=66). 

The study was approved by the University of California Committee for the 
Protection of Human Subjects, the California Health and Human Services Agency 
Committee for the Protection of Human Subjects, and the Institutional Review Boards of 
all the participant hospitals.   
 
 
Data collection 

Socio-demographic and residency information was collected from birth 
certificates for all cases and controls, regardless of their participation status, including 
child’s age, gender, race, Hispanic status, parental education (years) and occupation, and 
residency at birth.  Residences were assigned address-level latitude and longitude 
coordinates using a geographic information system.  Each address was assigned to a 1990 
or 2000 US Census block group, depending on the child’s date of birth.  When possible, 
the addresses that could not automatically be matched were manually located.  The 
geocoding was carried out using ArcView GIS software (18).  Data from the U.S. Census 
Bureau were used to derive neighborhood measures of urbanization and SES.  The 
methods for creating these variables have been previously described (19, 20).  In short, 
urbanization included three levels: large metro (population greater than or equal to one 
million), city (population less than one million), and rural/town (population < 50,000).  
To create the SES neighborhood variables, the California block groups were ranked 
separately by education level (percentage of adults ≥ 25 years of age completing a college 
degree or higher), income (median family income), and occupation (percentage of adults 
employed in managerial/professional occupations) according to quartiles, based on the 
statewide adult population (21, 22).  This resulted in a score of 1–4 for each of these SES 
attributes.  A summary SES metric was created by summing the scores across each of the 
four SES attributes and categorizing them into four groups (high to low), based on the 
quartiles of this score.  

Trained engineering technicians (blinded to the subjects' case or control status) 
recorded on a diagram the distance from the home of any overhead power lines within 
150 ft of the residence, including transmission lines, thick and thin three-phase primary-
distribution lines, any open (with separated wires) or spun (with wires bound together) 
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secondary distribution lines, and first-span secondary distribution lines.  On the basis of 
the diagrams, a computer algorithm assigned a wire configuration codes to each residence 
according to the five-category Wertheimer–Leeper classification (1) including 
underground (UG), very-low-current configuration (VLCC), ordinary low-current 
configuration (OLCC), ordinary high-current configuration (OHCC), and very-high-
current configuration (VHCC), as well as the Kaune and Savitz three categories (low, 
medium, and high) (23). We used the wire configuration codes method, despite its known 
limitations as a surrogate for magnetic fields, because it is the only method that can be 
used to classify EMF exposure for residencies of non-participants as it required no 
subject participation or in-home access.   
 
 
Statistical Analysis  

Descriptive analyses were conducted to compare distribution of socio-
demographic characteristics between several case and control groups.  Additional 
analysis was done to assess whether there is a correlation between wire code categories 
and socio-demographic characteristics.  Unconditional logistic regression analyses were 
performed using wiring configuration codes as the predictor variable and case-control 
status as the outcome, adjusting for child’s age at diagnosis (reference date for controls), 
gender, Hispanic status, and maternal race.  The wire code categories used in the analyses 
include the five Wertheimer–Leeper categories, as well as the three Kaune and Savitz.   

 
 

RESULTS 

 
The demographic characteristics of the study subjects are shown in Table 1.  

Participant cases (n=310) had statistically significant (P<0.05) higher maternal education 
than the first choice non-participant controls but statistically significant lower education 
than the participant (Actual) controls.  Similar results were observed for paternal 
education (data not shown).  Compared to non-participant controls, participant controls 
(both the first choice and the non-first choice) had statistically significant higher maternal 
education, older maternal age at child’s birth, and were more likely to live in a single-
family home or had a higher neighborhood SES (Table 1).  However, although both the 
first choice and the non-first choice participant controls had a high SES, the first-choice 
participant controls appear to have higher (non-significant) SES than the non-first choice 
participant controls.   

The wire configuration codes were associated with socio-demographic and 
residential characteristics.  Wire configuration codes levels were strongly related to 
child’s race, Hispanic status, parental education, and neighborhood SES.  Non-Hispanic 
whites and those with higher level of education were more likely to live in a residence 
with an underground level of wire configuration codes (P < 0.005).  In addition, 
residences located in urban areas had higher wire configuration codes levels than 
residences in rural areas (Table 2).  Overall, the participant controls (first-choice and non-
first choice) tended to be of higher socioeconomic status than the first choice non-
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participant controls, and lower socioeconomic status was related to higher wire 
configuration codes categories. 

Cases had a non significant increased odds of living near VHCC & OHCC 
compared to first-choice participant controls (OR=1.43, 95% CI: 0.91-2.26), when 
adjusting for age, gender, Hispanic status and maternal race (Table 3).  However, no such 
increased risk was observed while comparing the cases to the non-first choice participant 
controls (OR=1.06, 95% CI: 0.71-1.60), or to the first-choice non-participant controls 
(OR=1.06, 95% CI: 0.71-1.57) (Table 3).  The first-choice non-participant controls had a 
non-significant increased odds of living near OHCC and VHCC (OR=1.48, 95% CI: 
0.91-2.40) compared to the first-choice participant controls (UG and VLCC as a 
reference).  In addition, the logistic regression indicated that the first-choice non-
participant controls had a non-significant increased odds of living near OHCC/VHCC 
(OR=1.48, 95% CI: 0.91-2.40) compared to the first-choice participant controls. 

When the five categories of the Wertheimer-Leeper wire configuration codes 
were used, with underground as the reference, slightly different results were observed due 
to the low number of cases in the VHCC category (n=13).  These results indicated that 
participant cases had an increased odds for living near OHCC compared to the higher 
SES first-choice participant controls (OR=1.70, 95% CI: 1.00-2.88), non first-choice 
participant controls (OR=1.38, 95% CI: 0.86-2.20), and first-choice nonparticipant 
controls (OR=1.38, 95% CI: 0.88-2.18) (Table 3).  In contrast, cases assigned to VHCC 
(N=13) experienced statistically non-significant decreased risks of childhood leukemia, 
when compared to the first-choice participant controls (OR=0.74, 95% CI: 0.33-1.65), 
non-first choice participant controls (OR=0.59, 95% CI: 0.29-1.20), and first-choice non-
participant controls (OR=0.54, 95% CI: 0.27-1.07).  For the Kaune-Savitz classification, 
we observed a similar pattern to the five-category Wertheimer-Leeper classification, 
although the increase in the odds for the medium category was smaller.   

Similar comparisons using the Wertheimer-Leeper and the Kaune-Savitz 
classifications while comparing actual participant cases to the actual controls and ideal 
cases to the ideal controls is presented in Table 4.  Actual participant cases had a non-
significant increase odd for OHCC & VHCC compared to the actual controls (OR=1.21, 
95% CI: 0.85-1.72).  Results were similar when ideal cases were compared to the ideal 
controls (OR=1.18, 95% CI: 0.85-1.64).   

 
 

DISCUSSION 

 
This is the first study to use complete case and control ascertainment in order to 

investigate the association between electromagnetic fields (assessed by wire 
configuration codes) and childhood leukemia, therefore providing a unique opportunity to 
evaluate the association without the effect of selection bias.  The unbiased analyses using 
ideal case and ideal control comparison groups indicate that there is no association 
between childhood leukemia and OHCC/VHCC wire configurations, using UG/VLCC as 
the referent (OR=1.18, 95% CI: 0.85-1.64).  In addition, adjustment for socioeconomic or 
other potentially confounding variables had no effect on the observed risk estimate.  
When the Wertheimer-Leeper five wire configuration codes categories were used, living 
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near OHCC alone was associated with an elevated odds ratio (of borderline significance) 
while a non-significant decreased OR was observed with living near VHCC.  These 
results are probably due to random variability because of low number of cases in the 
VHCC category. 

Our results indicating no associations between childhood leukemia and magnetic 
field were in line with some previous studies (5, 7) but in contrast to others (1, 4, 6, 24).  
Most of the previous studies indicating a positive association have argued that the 
observed association could also be a result of uncontrolled confounding or selection bias.  
The use of birth certificate controls allowed us to assess the role of selection bias on the 
association between childhood leukemia and magnetic fields.  Our results indicate that 
participation status is related to both socioeconomic status and wire configuration codes, 
which may indicate the potential for selection bias.  In our study, the first-choice 
participant controls tended to be of higher SES than the first-choice non-participant 
controls, with higher parental education, maternal age at child’s birth, neighborhood SES, 
proportion of non-Hispanic whites, and more likely to live in a single-family home.  
Similar results, yet not as statistically significant, were observed while comparing the 
first choice non-participant controls and the non-first choice participant controls (the 
replacement group).   

Mezei et al., were the first to directly examined the effect of control 
nonparticipation in a previously published Canadian case-control study of residential 
magnetic field exposure and childhood leukemia (5, 15).  Similar to our study, the 
authors indicated that the first-choice nonparticipant controls tended to be of lower SES 
than the non-first-choice participant controls, and lower socioeconomic status was related 
to higher wire configuration codes categories (15).  In line with these results are the 
results of Hatch et al. indicating that "partial participants" were more likely to have a 
lower level of education and income and were less likely to live in single family homes 
than subjects who participated fully (11).  The author defined “partial participants” as 
study subjects who didn’t participate in all phases of the study and for whom exposure 
was assessed using magnetic field measurements at the front door or by wire 
configuration codes, but for whom no indoor magnetic field measurements were 
available. 

With wire configuration codes associated both with participation status and SES 
one may assume that the observed risk estimate of the association between childhood 
leukemia and magnetic field is likely to be biased.  Indeed, our results indicate that the 
value of the OR for the observed association depends on the control group.  In our study, 
the participant cases had a non significant increased odds of being in the OHCC/VHCC 
category when compared to the first-choice participant controls (OR=1.43, 95% CI: 0.91-
2.26).  However, no such increased risk was observed when comparing the cases to the 
non-first choice participant controls (OR=1.06, 95% CI: 0.71-1.60), or to the first-choice 
non-participant controls (OR=1.06, 95% CI: 0.71-1.57).  Results were similar when 
matched-pair conditional regressions were used (data not shown).  These findings 
illustrate that the association between childhood leukemia and wire configuration codes is 
influenced by the characteristics of the control group and therefore is prone to selection 
bias.   

Specifically in our study, first choice participant control were likely to differ from 
other control groups.  However, the distribution of wire configuration codes was similar 
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between the first-choice non-participant controls and their replacement group (the non-
first choice participant controls) (OR=1.00, 95% CI: 0.66-1.55), suggesting that there was 
probably no additional source of control selection bias in our study.  In order to fully 
assess whether selection bias may affect the association with wire configuration codes, 
we also considered case participation.  The results of the analyses using the complete set 
of ideal cases and controls (OR=1.18, 95% CI: 0.85-1.64) were similar to the results 
while using only actual participating cases and controls (OR=1.21, 95% CI: 0.85-1.72), 
indicating that the selection bias in our study is probably minor and that if it does exist; it 
is likely to be non-differential. 

The results above indicate that in the NCCLS the observed OR for the association 
between childhood leukemia and wire coding is not likely to be highly affected by 
selection bias.  This is probably due to the careful control recruitment process conducted 
by the NCCLS, providing representative replacement control group.  Despite the 
substantial burden on families, the NCCLS made a major effort to achieve high 
participation rates in the study.  For these wire configuration codes analyses the overall 
participation rates among eligible cases and controls were 80.9 and 70.0, respectively.  In 
addition, it may be that our non-first choice controls are of slightly higher SES status than 
the non-participant first-choice controls, however, our results (not shown) indicate that 
the participant cases are also of slightly higher SES than the non-participant cases which 
is probably a source for a non-differential misclassification.  

In the Canadian study, Mezei et al. noted that the odds ratios for childhood 
leukemia in the VHCC category (underground, VLCC, and OLCC as referent) were 1.6 
(95% CI: 1.0, 2.6) when the actual participant controls were used and 1.3 (95% CI: 0.8, 
2.1) when the first-choice ideal controls were used (15).  Overall, Mezei et al. conclude 
that, although there is some evidence for control selection or participation bias in their 
study, it is unlikely to explain entirely the observed association between wire 
configuration codes and childhood leukemia (15).  The study by Mezei et al. did not 
collect data for complete case and control ascertainment (it lacked data on non-
participating cases) and therefore could not fully evaluate the association without the 
effect of selection bias.  Hatch et al. also reported that the odds ratio for ALL among 
those living in homes with VHCC were 1.00 (95% CI: 0.62, 1.61) when all subjects were 
included in the model and 1.23 (95% CI: 0.74, 2.04) when the partial participants were 
excluded from the model (11).  The study of Hatch et al. lacked information on cases and 
controls who were found to be eligible but never participated in any phase of the study 
(4% of cases and 25% of controls), and therefore the full effect of selection bias could not 
be assessed.  

A limitation of all these studies is the use of wire configuration codes as surrogate 
for magnetic fields exposure as they are known to have limited ability to measure 
magnetic field exposure (25).  Wire configuration codes were used because our aim was 
to assess the role of selection bias and this method is the only method that could be 
applied to any known address and required no subject participation or property access.  
Another limitation, which is also related to our aim, is the use of only residence at time of 
birth, since it is the only available residence information for the non-participant cases and 
controls.  To reduce a potential effect of misclassification, two eligibility criteria were 
added to this study (being less than 8 years of age at the time of case diagnosis and living 
in the same residence since diagnosis).   
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Our results indicate a lack of an association between wire configuration codes and 
childhood leukemia and that selection bias is not likely to play a role in an analysis 
specifically designed to use complete case and control ascertainment.  However, our 
results show that the observed risk estimates do depend on the selected control group.  
This may indicate that the elevated risk estimate observed in early studies may have been 
subject to bias due to less careful control selection, especially those using Random-Digit 
Dialing method for control selection (4, 6).  The improvement in study subject selection 
in the past three decades may explain the reduction in the observed risk estimates over 
time.  Since supportive laboratory evidence is lacking and biophysical plausibility of 
carcinogenicity of MFs is questionable, the epidemiologic literature deserves careful 
consideration because it is essentially on this evidence alone that suggestions about long-
term effects on human health relay. 
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Table 1.   Characteristics of Cases and Controls in the Wire Code Study, NCCLS, 2001–2004 

 
 
 

Participant 
cases 
n=310  

1st choice 
participant 

controls 
n=174 [1] 

Non 1st choice 
participant 

controls 
n=220 [2] 

1st choice non 
participant 

controls 
n=252 [3] 

[1]vs. 
[3] 

[2] vs. 
[3] 

 
No. (%) 

 
No. (%) P Value1

 
No. (%) P Value1

 
No. (%) P Value1 P Value2 P Value2

Gender             
Male 169 (54.5)  93 (53.4) 0.821  118 (53.6) 0.841  136 (54.0) 0.897 0.916 0.943 
Female 141 (45.5)  81 (46.6)   102 (46.4)   116 (46.0)    
             
Age at diagnosis, years            
Mean (SE) 3.7 (0.1)  3.3 (0.1) 0.469  3.9 (0.1) 0.330  3.7 (0.1) 0.118 0.040 0.589 
             
Race             
Non-Hispanic White 131 (42.2)  86 (49.4) 0.405  87 (39.6) 0.861  79 (31.4) 0.067 0.002 0.248 
Hispanic 127 (41.0)  66 (37.9)   94 (42.7)   121 (48.0)    
Non-Hispanic Black 12 (3.9)  6 (3.5)   7 (3.2)   13 (5.1)    
Other 40 (12.9)  16 (9.2)   32 (14.5)   39 (15.5)    
             
Maternal age at  
child’s birth, years  

 
  

 
  

 
  

 
 

Mean (SE) 28.2 (0.4)  29.3 (0.5) 0.070  28.7 (0.4) 0.308  26.2 (0.4) 0.026 < 0.001 < 0.003
             
Maternal education, years            
Mean (SE) 12.2 (0.2)  12.9 (0.3) 0.023  13.4 (0.2) 0.016  11.1 (0.2) 0.001 < 0.001 < 0.001
             
Birth residence type             
Single family homes 207 (66.7)  135 (77.6) 0.098  152 (69.1) 0.926  147 (58.3) 0.181 < 0.001 0.093 
Apartment 62 (20.0)  24 (13.8)   39 (17.7)   64 (25.4)    
Multiple family 
home 33 (10.7) 

 
12 (6.9)  

 
23 (10.5)  

 
30 (11.9)  

 
 

Trailer & other 8 (2.6)  3 (1.7)   6 (2.7)   11 (4.4)    
             
Neighborhood type             
Single family homes 210 (67.7)  134 (77.0) 0.187  150 (68.2) 0.505  146 (57.9) 0.085 < 0.001 0.015 
Apartment 42 (13.6)  18 (10.3)   32 (14.6)   43 (17.0)    
Multiple family 
home 36 (11.6) 

 
13 (7.5)  

 
29 (13.2)  

 
34 (13.5)  

  

Trailer & other 22 (7.1)  9 (5.2)   9 (4.0)   29 (11.5)    
             
Neighborhood SES             
Low 62 (20.1)  31 (17.9) 0.605  33 (15.0) 0.401  89 (35.3) < 0.001 < 0.001 < 0.001
Med low 80 (25.9)  39 (22.5)   58 (26.4)   64 (25.4)    
Med high 85 (27.5)  48 (27.8)   27 (27.3)   45 (17.9)    
High 82 (26.5)  55 (31.8)   69 (31.4)   54 (21.4)    
             
Urbanization level             
Large metro 167 (53.9)  91 (52.6) 0.037  137 (62.3) 0.154  141 (56.0) 0.760 0.117 0.361 
City 81 (26.1)  32 (18.5)   46 (20.9)   59 (23.4)    
Rural/town 62 (20.0)  50 (28.9)   37 (16.8)   52 (20.6)    
1 P Values comparing controls to cases derived from chi-square tests for categorical variables and from Student’s t-test for 
continuous variables  
2 P Value comparing 1st choice participant controls to 1st choice  non-participant controls 
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Table 2.  Distribution of Wire Code Categories in 1,022 Homes by Socio-demographic and 
Residential Characteristics  

 
 Underground

No. (%) 
 VLCC 

No. (%)  
OLCC 
No. (%)  

OHCC & VHCC 
No. (%) 

 
P Value1

          
Race          
Non-Hispanic White  175 (43.4)  47 (50.5)  82 (36.3)  93 (31.0) < 0.001 
Hispanic  148 (36.7)  32 (34.4)  112 (49.6)  149 (49.7)  
Non-Hispanic Black  10 (2.5)  3 (3.2)  10 (4.4)  18 (6.0)  
Other  70 (17.4)  11 (11.8)  22 (9.7)  40 (13.3)  
          
Maternal age at  
child’s birth, years  

 
 

 
     

 

< 20  113 (28.0)  29 (31.2)  79 (35.0)  102 (34.0) 0.311 
20-24  125 (31.0)  24 (23.6)  55 (24.3)  80 (26.7)  
25-29  115 (28.5)  28 (30.1)  54 (23.9)  73 (24.3)  
30-34  50 (12.4)  14 (15.1)  38 (16.8)  45 (15.0)  
          
Maternal education, 
years 

 
 

 
     

 

≤ 12  182 (46.0)  49 (52.7)  139 (62.1)  172 (58.3) 0.004 
13-15  92 (23.2)  21 (22.6)  35 (15.6)  56 (19.0)  
≥ 16  122 (30.8)  23 (24.7)  50 (22.3)  67 (22.7)  
          
Residence type          
Single family homes  263 (65.3)  58 (62.4)  161 (71.2)  199 (66.3) 0.163 
Apartment  93 (23.1)  23 (24.7)  38 (16.8)  54 (18.0)  
Multiple family homes  34 (8.4)  7 (7.5)  23 (10.2)  39 (13.0)  
Trailer & other  13 (3.2)  5 (5.4)  4 (1.8)  8 (2.7)  
          
Neighborhood type          
Single family homes  264 (65.5)  55 (59.1)  163 (72.1)  200 (66.7) < 0.001 
Apartment  77 (19.1)  21 (22.6)  22 (9.8)  26 (8.6)  
Multiple family homes  37 (9.2)  9 (9.7)  24 (10.6)  44 (14.7)  
Trailer & other  25 (6.2)  8 (8.6)  17 (7.5)  30 (10.0)  
          
Neighborhood SES          
High  58 (14.4)  22 (23.9)  80 (35.6)  77 (25.7) < 0.001 
Med high  94 (23.4)  23 (25.0)  52 (23.1)  87 (29.0)  
Med low  114 (28.4)  22 (23.9)  50 (22.2)  66 (22.0)  
Low  136 (33.8)  25 (27.2)  43 (19.1)  70 (23.3)  
          
Urbanization level          
Large metro  189 (63.0)  128 (56.6)  49 (53.3)1  204 (50.8) 0.015 
City  57 (19.0)  49 (21.7)  18 (19.6)  115 (28.6)  
Rural/town  54 (18.0)  49 (21.7)  25 (27.1)  83 (20.6)  
          
VLCC = very low current code; OLCC = ordinary low current code; OHCC =  ordinary high current code VHCC =  
very high current code 
1 P Values derived from chi-square tests for categorical variables and from Student’s t-test for continuous variables  
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Table 3.  Odds Ratio and 95% Confidence Intervals for Childhood Leukemia by Wertheimer-Leeper and Kaune-Savitz Wire Code 
Classifications, NCCLS, 2002-2007 

 
  

Participant 
Cases [1] 

n=310 

 

 
1st choice participant 

controls [2] vs. [1] 
n=174 

 
Non 1st choice participant 

controls [3] vs [1]  
n=220 

 
1st choice non participant 

controls [4] vs.[1] 
n=252 

Controls  
[2] vs. [4] 

Controls 
[3] vs. [4] 

 
No. (%)  No. (%) OR (95%CI)1  No. (%) OR (95%CI) 1  No. (%) OR (95%CI) 1  OR (95%CI) 1 OR (95%CI)1 

              
Wertheimer-Leeper wire code with three categories          
UG/VLCC   145 (46.8)  95 (54.6) Ref.  105 (47.7) Ref.  121(48.0) Ref.  Ref. Ref. 
OLCC 72 (23.2)  38 (21.8) 1.22 (0.76-1.97)  50 (22.7) 1.07 (0.69-1.68)  51 (20.2) 1.28 (0.82-1.99)  0.93 (0.56-1.56) 0.83 (0.52-1.35)
OHCC/VHCC 93 (30.0)  41 (23.6) 1.43 (0.91-2.26)  65 (29.6) 1.06 (0.71-1.60)  80 (31.8) 1.06 (0.71-1.57)  1.48 (0.91-2.40) 1.00 (0.66-1.55)
              
              
Wertheimer-Leeper wire code with five categories          
UG 116 (47.4)  74 (42.5) Ref.  88 (40.0) Ref.  99 (39.3) Ref.  Ref. Ref. 
VLCC 29 (9.4)  21 (12.1) 0.88(0.47-1.67)  17 (7.7) 1.33 (0.69-2.58)  22 (8.7) 1.16 (0.62-2.18)  0.86 (0.43-1.73) 1.11 (0.55-2.24)
OLCC 72 (23.2)  38 (21.8) 1.19 (0.73-1.96)  50 (22.7) 1.15 (0.72-1.83)  51 (20.2) 1.32 (0.83-2.10)  0.90 (0.53-1.54) 0.95 (0.52-1.40)
OHCC 77 (24.8)  28 (16.1) 1.70 (1.00-2.88)  44 (20.0) 1.38 (0.86-2.20)  53 (21.0) 1.38 (0.88-2.18)  1.35 (0.76-2.38) 0.99 (0.60-1.65)
VHCC 16 (5.2)  13 (7.5) 0.74 (0.33-1.65)  21 (9.6) 0.59 (0.29-1.20)  27 (10.7) 0.54 (0.27-1.07)  1.63 (0.77-3.46) 1.09 (0.57-2.08)
              
Kaune-Savitz wire code with three categories          
Low 144 (46.5)  96 (55.2) Ref.  114 (51.8) Ref.  118 (46.8) Ref.  Ref. Ref. 
Medium 119 (38.4)  52 (29.9) 1.48 (0.97-2.26)  67 (30.5) 1.47 (0.99-2.18)  83 (32.9) 1.29 (0.88-1.90)  1.15 (0.73-1.82) 1.14 (0.75-1.73)
High 47 (15.1)  26 (14.9) 1.15 (0.66-2.00)  39 (17.7) 0.99 (0.60-1.63)  51 (20.3) 0.81 (0.50-1.31)  1.63 (0.93-2.87) 1.20 (0.73-1.98)
VLCC = very low current code; OLCC = ordinary low current code; OHCC =  ordinary high current code VHCC =  very high current code 
1 Odds Ratios (OR) and 95% confidence intervals (CI) comparing controls to cases estimated using multiple logistic regressions adjusting for: Child’s age at diagnosis 
(reference date for controls), sex, Hispanic status, and maternal race 
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Table 4.  Odds Ratio and 95% Confidence Intervals for Childhood Leukemia by Wertheimer-Leeper and Kaune-Savitz 
Wire Code Classifications, NCCLS, 2002-2006 

 

 Participant cases 
n=310  

 
Actual controls 

n=394  
All cases 

n=376  
Ideal controls 

n=426 

 No. (%)  No. (%) 
OR (95%CI) 

vs. participant cases1  No. (%)  No. (%) 
OR (95%CI) 
vs. all cases1 

          
Wertheimer-Leeper wire code with three categories       
UG/VLCC 145 (46.8)  200 (50.8) Ref.  175 (46.6)  216 (50.7) Ref. 
OLCC 72 (23.2)  88 (22.3) 1.14 (0.77-1.67)  87 (23.1)  89 (20.9) 1.25 (0.87-1.79) 
OHCC/VHCC 93 (30.0)  106 (26.9) 1.21 (0.85-1.72)  114 (30.3)  121 (28.4) 1.18 (0.85-1.64) 
          
Wertheimer-Leeper wire code with five categories      
UG 116 (47.4)  162 (41.1) Ref.  142 (37.7)  173 (40.6) Ref. 
VLCC 29 (9.4)  38 (9.7) 1.08 (0.63-1.85)  33 (8.8)  43 (10.1) 0.96 (0.58-1.60) 
OLCC 72 (23.2)  88 (22.3) 1.16 (0.78-1.73)  87 (23.1)  89 (20.9) 1.24 (0.85-1.81) 
OHCC 77 (24.8)  72 (18.3) 1.50 (1.00-2.24)  93 (24.7)  81 (19.0) 1.45 (0.99-2.11) 
VHCC 16 (5.2)  34 (8.6) 0.65(0.34-1.23)  21 (5.6)  40 (9.4) 0.64 (0.36-1.13) 
          
Kaune-Savitz wire code with three categories       
Low 144 (46.5)  210 (53.3) Ref.  171 (45.5)  214 (50.2) Ref. 
Medium 119 (38.4)  119 (30.2) 1.47 (1.05-2.06)  148 (39.4)  135 (31.7) 1.42 (1.04-1.94) 
High 47 (15.1)  65 (16.5) 1.05 (0.68-1.63)  57 (15.1)  77 (18.1) 0.93 (0.62-1.40) 
VLCC = very low current code; OLCC = ordinary low current code; OHCC =  ordinary high current code VHCC =  very high current code 
1 Odds Ratios (OR) and 95% confidence intervals (CI) comparing controls to cases estimated using multiple logistic regressions adjusting for: Child’s age at 
diagnosis (reference date for controls), sex, Hispanic status, and maternal race 

84 



Figure 1. Selection of Cases and Controls for the Northern California Childhood Leukemia Study Wire Configuration Codes 
Analysis 
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ABSTRACT   

 
BACKGROUND:  Household pesticide use has been associated with higher risk of 
childhood leukemia in a number of case-control studies.  However, an overestimation of 
risk due to differential recall of use of pesticide products by case control status is of 
concern.   
OBJECTIVE:  To assesses the reliability of maternal reports of household use of 
pesticides and potential differences in reliability by case-control status, and by socio-
demographic characteristics. 
METHODS:  A subset of the Northern California Childhood Leukemia Study population 
were interviewed twice about household pesticide.  Eligible households included those 
with case or control children less than 8 years old, who lived in the same residence since 
diagnosis.  Kappa, percent positive and negative agreements were used to assess 
reliability of responses to ever/never use of six pesticide types.  
RESULTS:  Kappa statistics ranged from 0.31 to 0.61 (fair to substantial agreement), 
with 9 out of the 12 tests indicating moderate agreement.  The percent positive agreement 
ranged from 46%-80% and the percent negative agreement from 54%-95%.  Reliability 
for all pesticide types as assessed by the three reliability measures did not differ 
significantly for cases and controls as confirmed by bootstrap analysis.  For most 
pesticide types, Kappa and percent positive agreement were higher for non-Hispanics 
than Hispanics and for households with higher income versus lower income. 
CONCLUSIONS:  Reproducibility of maternal-reported pesticide use was moderate to 
high and was similar among cases and controls suggesting that differential recall is not 
likely to be a major source of bias.  
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INTRODUCTION 

 
Household pesticide use has been associated with increased risk of childhood leukemia in 
most case-control studies that relied on self-reported exposure data (1).  Although 
specific biochemical mechanisms relating pesticide exposures to childhood cancer have 
yet to be established (2), insecticides and herbicides induce oxidative stress and have 
been shown to have direct genotoxic effects in both occupational (3) and residential (4) 
exposure settings.  Exposure effects from household pesticide use could occur before 
conception through germline mutations that can be passed on to the child, during 
pregnancy through transplacental crossover, and postnatally through direct exposure to 
the child.   

Most epidemiological studies conducted over the past two decades have indicated 
positive associations between self-reported home pesticides use and childhood leukemia.  
A study previously published by the Northern California Childhood Leukemia Study 
(NCCLS) reported a positive association between childhood leukemia and maternal 
reports of household use of pesticides (5).  In that study, Ma et al. reported that cases 
were exposed indoors to more pesticides than were the controls and that the highest odds 
ratio (OR) was seen for these exposures during pregnancy (OR = 2.2; 95% confidence 
interval (CI): 1.3–3.6) (5).  The authors also reported that more frequent indoor exposure 
to insecticides (but not herbicides) was associated with a higher risk, consistent with a 
dose response relationship.  Similarly, eight other studies reported positive and 
significant results for the association between childhood leukemia and household 
pesticide use during pregnancy (6-12) and five studies reported significant results for 
exposure in early childhood (7-11).  In addition, five studies showed significant 
associations with garden products used during pregnancy (8, 10, 12) and early childhood 
(8, 10, 11, 13).   

Previous studies on the association between pesticides and childhood cancer have 
been case-control in design and have relied on self-reported retrospective exposure 
assessment, for which there are concerns about recall bias.  Recall bias, also called 
reporting bias or differential recall, can be defined as a measurement error characterized 
by differences in the accuracy of subject recall or report between compared groups (14).  
Recall bias can distort the measure of association between exposure and disease by any 
magnitude and direction, and this distortion is frequently difficult to predict (15).  For 
example, it is recognized that parents of cases might be more motivated to search for 
causes or specific events that occurred in the past and either over report an experience or 
recall trivial events, whereas a parent of a healthy child may simply not remember or may 
not report an exposure they believe to be unimportant.  It is difficult to evaluate the 
direction of the resulting bias, if it exists, because cases could over or under report the 
exposure depending on whether recognition of past exposure or guilt about that exposure 
took precedence (12).   

To our knowledge, no prior studies of childhood leukemia have measured the 
reliability of maternal-reported household pesticide.  Previous reliability and validity 
studies of chemical exposures include studies of occupational epidemiology studies that 
compared the self-reported exposure with expert-assessed or exposure biomarkers (16-
18) and evaluated the reliability by comparing information from repeated interviews (19, 
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20).  In the absence of an objective reference, i.e., a “gold standard” to evaluate validity, 
we assessed the reproducibility of maternal-reported household pesticide use between 
cases and controls in a subset of the NCCLS.    
 
 

MATERIALS AND METHODS 

 
Study population 
The study population included in this reliability study is a subset of the parent NCCLS 
case-control study conducted from 1995 to 2008.  A detailed description of the NCCLS 
design has been published elsewhere (21, 22).  In brief, the parent study recruited 
children with leukemia from hospitals in 35 counties in Northern and Central California, 
using rapid case ascertainment procedures to report cases usually within 72 hours after 
diagnosis.  For each case, one or two control subjects were randomly selected from birth 
certificates through the California Office of Vital Records, matched on date of birth, sex, 
Hispanic ethnicity, and maternal race.  Participating controls in the NCCLS were 
determined to be representative of the sampled population by parental age, parental 
education, and mother's reproductive history; characteristics which indicate a reduced 
potential for selection bias (21).  Eligibility criteria for cases and controls participating in 
the parent NCCLS include: 1) residence in the 35-county study area; 2) less than 15 years 
of age at the time of case diagnosis (referent date for controls); 3) availability of an 
English or Spanish-speaking biological parent; and 4) no previous diagnosis of cancer.  
The reliability study was conducted for a subset of this study population between October 
2001 - December 2006 and included subjects who met the following eligibility criteria: 1) 
less than 8 years of age at the time of case diagnosis (reference date for controls), and 2) 
residing at the same address since diagnosis for cases and corresponding date for matched 
controls.  Approximately 55% of households enrolled in the parent NCCLS from 2001 to 
2006 were eligible for the reliability study.  Of those, 86% consented to participate 
providing 209 case and 235 control families for the present analysis. 

The study was approved by the University of California Committee for the 
Protection of Human Subjects, the California Health and Human Services Agency 
Committee for the Protection of Human Subjects, and the Institutional Review Boards of 
all the participating hospitals and institutions.  A written informed consent was obtained 
from the parents or legal guardian of all participating subjects. 

 
 

Data collection 
Pesticide data were collected during two separate in-person interviews conducted by 
trained staff in English or Spanish.  The initial interview (referred to as Tier 1) was 
scheduled as soon as consent was obtained and the follow-up interview (referred to as 
Tier 2) was conducted within 3–12 months following the Tier 1 interview.  In both 
interviews, respondents (usually the biologic mother) were asked questions about 
household use of pesticide products targeting fleas and ticks; ants, flies, and cockroaches; 
and outdoor weeds and insects.  Respondents were also queried about the use of indoor 
foggers and use of professional services for pest control and lawn and garden 
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maintenance.  Information collected included the name of the products (household use 
only), timing of use (preconception, pregnancy, postnatal), and frequency of use.  A 
detailed description of the NCCLS Tier 1 interview process has been published 
previously (1).  Standardized questionnaires were used at the time of both interviews 
including show cards and calendars to elicit responses regarding exposure to a wide range 
of chemicals used at home and at work, for critical periods of the child's development 
(before conception, three trimesters of the pregnancy, and early years of life up to age 
three years).   
Both the Tier 1 and 2 interviews asked questions regarding the same types of pest 
treatments; however, the methods of data collection differed slightly due to different 
study objectives.  The main objective of the Tier 2 interview was to link EPA registration 
numbers obtained from pesticide products stored in the homes to publicly available EPA 
databases, thus allowing for identification of active ingredients, chemical composition, 
intended target pest, and potential toxicity for each product.  Consistent with this 
objective, the Tier 2 interview began with an inventory of pesticide products found in and 
around the home using a standard questionnaire to record the name, EPA registration 
number, the purpose of product use (i.e., type of pest treated), and the period and 
locations the product was used.  Once this information was recorded, a standardized 
questionnaire was used to collect information about additional pest treatments that were 
not ascertained during the home product inventory.  The questions about “flea and ticks” 
and “weed and plant/tree insects/diseases” differed slightly between the interviews.  
Specifically, the Tier 1 questionnaire included three separate questions about “flea and 
tick” products while the Tier 2 included one multi-part question.  Questions in the Tier 1 
questionnaire were:  1) Did you use flea or tick soaps or shampoos?, 2) Did you use 
sprays, dusts, powders or skin applications (such as Frontline or Advantage) for fleas or 
ticks?, and 3) Did you use flea or tick collars?  The Tier 2 question was “Did you have a 
pet that was treated for fleas or ticks using shampoos, soaps, collars, sprays, dusts, 
powders, or skin applications?” Both questionnaires obtained time-period specific use for 
each product reported.   
 

Statistical Analysis  

Kappa statistics, percent positive and negative agreement (with 95% CI) were used to 
assess reliability of responses in Tier 1 to Tier 2 for ever or never pesticide use.  Pesticide 
use was defined as pesticide use anytime from three months prior to conception until 
three years of age.  Percent positive, percent negative, and Kappa statistics, were used to 
assess reliability of six categories of pesticide applications or services: 1) fleas or ticks, 2) 
ants, flies, or cockroaches, 3) indoor foggers, 4) weeds and plant/tree insects/diseases, 5) 
professional pesticide services, and 6) professional lawn services.  An overall measure of 
agreement was calculated for the three reliability measures using data from the six 
categories together.  In order to assess the potential for differential recall between cases 
and controls these analyses were conducted by case-control status.  To determine whether 
the reliability of self-reported household pesticide use was consistent across subgroups, 
tests of agreement were also calculated by Hispanic ethnicity, household income and 
parental education.  Kappa statistics ranging from 0.21 to 0.40 were interpreted as "fair" 
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agreement,  from 0.41 to 0.60 as "moderate" agreement, 0.61 to 0.80 as "substantial" 
agreement, and those of ≥ 0.81 have been interpreted to indicate "almost perfect" 
agreement as suggested by Landis and Koch (23).  In addition, a bootstrap analysis (24) 
based on 2000 replicate samples was used to estimate the mean reliability differences by 
case/control status, Hispanic ethnicity, and other socio-economic characteristics.  The 
95% CIs and p-values of the bootstrap were computed based on the distribution of 
replications. 

 

RESULTS 

 
Cases and controls in this analysis were comparable for all demographic characteristics 
evaluated (Table 1).  In addition, the mean number of days between the two interviews 
was similar between cases (218.6 days) and controls (212.9 days) (p-value = 0.521).  
Table 2 presents the frequencies of self-reported pesticide use at Tier 1 and Tier 2.  The 
category with the highest frequency of use was ants, flies, or cockroaches with reported 
use in 65.1% and 70.3% of Tier 1 and Tier 2 interviews, respectively.  The category with 
the lowest frequency of self-reported use was indoor foggers with 8.8% and 10.6% in 
Tier 1 and Tier 2, respectively. 

Table 3 presents the results of the reliability assessment of self-reported pesticide 
use among cases and controls.  Kappa statistics ranged from 0.35 to 0.61 among cases 
and from 0.31 to 0.58 among controls, indicating fair to substantial agreement.   Among 
cases, the highest agreement was for self-reported use of professional lawn services.  
Among controls, the agreement was highest for both professional pest services and 
treatment of fleas and ticks.  The lowest agreement was observed for self-reported use of 
products for ants, flies, or cockroaches among both cases and controls.  The percent 
positive agreement ranged from 47%-80% among cases and 46-77% among controls with 
and self-reported use of products for ants and flies showed the highest agreement.  
Percent negative agreement ranged from 55-95% among cases and 54-94% among 
controls; indoor foggers showed the highest agreement for both cases and controls.   

Reproducibility of responses for all pesticide categories using the three reliability 
measures was similar between cases and controls.  Moreover, the overall reliability 
measures (using data from the six categories together) produced similar results, with an 
overall Kappa for cases and controls of 0.58 (95% CI: 0.52-0.62), and 0.56 (95% CI: 
0.51-0.61), respectively.  Importantly, there were no differences in reproducibility of 
responses between cases and controls for the overall percent positive agreement [72% 
(95% CI: 69-76%) and 72% (95% CI: 68-75%), respectively], and for the overall percent 
negative agreement [85% (95% CI: 83-87%) and 85% (95% CI: 83-86%), respectively].  
Bootstrapping of the mean differences and their variances of the three measures also 
showed no apparent difference in the recall between the cases and controls.   

Table 4 presents results of the reliability assessment of self-reported pesticide use 
by Hispanic ethnicity (n=173 Hispanic, n=271 non-Hispanic) for cases and controls 
combined.  Similar results were obtained for household income (data not shown) and 
therefore these results are summarized together.  Reproducibility of responses for the 
majority of the pesticide categories using Kappa and percent positive agreement were 
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higher among non-Hispanics participants and participants with higher household incomes 
than among Hispanics and those with lower household incomes.  Significant differences 
for both Kappa and percent positive agreement were observed only in the professional 
pest service category:  Kappa (0.66 for non-Hispanic vs. 0.37 for Hispanic; and 0.37 for 
low income vs. 0.70 for high income) and percent positive agreement (79% for non-
Hispanic vs. 57% for Hispanic; 52% for low income vs. 82% for high income).  In 
addition, the overall percent positive agreement as well as the bootstrap estimates of the 
mean difference of percent positive agreement, revealed that both non-Hispanic 
participants and those with higher income had higher percent positive agreement than 
Hispanic participants (p-value = 0.009) and those with lower household income (p-value 
= 0.020).   

Table 5 shows the results of the reliability assessment by two levels of maternal 
education, 12 or less years of education (n=134), and more than 12 years of education 
(n=310).  Reproducibility of responses by educational status were similar for all 
comparisons except for the overall percent negative agreement.  Overall results of the 
percent negative agreement indicate a high concordance of negative responses among 
mothers with 12 or less years of education (88%; 95% CI: 85-89%) compared to those 
mothers with more than 12 years of education (84%; 95% CI: 82-85%).  The reliability 
assessment by the same levels of paternal education produced similar results to those of 
maternal education (data not shown).  In addition, no difference in reproducibility of 
responses was found when similar comparisons were done between urban and rural 
subgroups (data not shown).  
 
 

DISCUSSION 

 
These analyses, conducted using data from an ongoing case-control study of 

childhood leukemia, are the first to assess reliability of self-reported home pesticide use.  
Based on the Kappa statistics, the overall agreement was fair to substantial depending on 
the type of pest treatment.  Using all three reliability measures (Kappa, percent positive 
and negative) as well as the bootstrap analysis, we found no difference in reproducibility 
of responses between Tier 1 and Tier 2 interviews for cases and controls.  These results 
suggest that perhaps differential recall bias may not explain the observed associations 
between childhood leukemia and residential use of pesticides as previously reported in 
the parent NCCLS (5) and possibly other case-control studies with similar reliance on 
self-reported exposures and retrospective exposure assessment (1).  However, with the 
observation of fair and moderate agreement in both cases and controls, potential non-
differential recall of exposure that attenuates the ability to detect exposure–outcome 
associations and results in an estimated measure of association that is biased toward the 
null can not be ruled out.   

Concordance of positive responses was somewhat lower among Hispanic families 
and those with lower socio-economic status especially for reporting of professional 
pesticide and lawn services.  This difference in recall is difficult to explain as families 
might be expected to accurately report the use of professional services, which are 
memorable events.  A possible explanation for this difference may be related the fact that 
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more of the Hispanic parents engaged in lawn care as an occupation, and concepts related 
to interpretation of use of professional services for lawn care may have been 
commingled.  Alternatively, the definition of professional pest control services and lawn 
services may have been unclear in the Spanish version of the questionnaire at the time of 
the initial and follow-up interview.   

The estimated Kappa statistics generally ranged from 0.31 to 0.61 while the 
percent positive and negative agreements were much higher and generally ranged from 
46 to 80% and from 55 to 95%, respectively.  Although perfect agreement would 
generate a Kappa value of 1.0, values much lower still represent good agreement as the 
Kappa statistic is highly dependent on prevalence of the characteristic in the population.  
Thompson and Walter have shown that for factors with a true prevalence of 0.2 to 0.8 and 
with a high sensitivity and specificity (70–90%), Kappa statistics fall into a range 0.3–0.6 
(25).  Thus, Kappa statistics can be low, and percent positive and/or negative agreements 
high for situations in which the factor is highly prevalent or extremely rare.  This could 
have been the situation when we observed low Kappa statistics and high percent negative 
agreement for indoor flea foggers (used by only 8.8% of cases and controls) and high 
percent positive for ants, flies, and cockroach use (highly used in about 65.1 % of cases 
and controls). 

Previous studies that compared the magnitude of the associations between 
pesticides and different types of malignancies have also indicated that differential recall 
cannot explain pesticide associations.  These studies indicated that the magnitude of the 
associations with pesticide use varies by histological type of leukemia and other 
hematopoietic malignancies (6, 12, 26, 27), suggesting that differential recall bias may 
not explain the observed associations between childhood leukemia and residential use of 
pesticides.  Indeed, if systematic over-reporting by case mothers may have explained the 
results, over reporting would not be expected to depend on the disease type.   

One study (28) that commented on the potential effect of differential recall bias 
examined the association of self-reported occupational exposure to various hydrocarbons 
among parents and childhood ALL.  The authors indicated that ALL risk associated with 
parental exposure to hydrocarbons varied with the time window of exposure, and the 
association appeared to differ by chemical.  For example, maternal exposure to solvents, 
paints, and thinners (substances that are fat soluble, highly volatile, and likely to be able 
to cross the placenta) were associated with an increased risk of ALL during the perinatal 
period, whereas maternal exposure to the same chemicals during the postnatal period 
were unrelated to the risk (28).  In contrast, maternal exposure to plastic materials, which 
are less likely to be able to cross the placenta, was not related to the risk of ALL during 
the perinatal period but exposure to plastic materials was associated with an elevated risk 
postnatally.  These time-specific associations argue against a differential recall bias (28). 

Previous validity studies of chemical exposures include epidemiologic studies of 
occupationally exposed groups that compared the self-reported exposure with expert-
assessed or exposure biomarkers.  A recent study found a high correlation between self-
reported residential pesticide exposure and levels of pesticides in household dust samples 
(29).  The authors also indicated that the correlations appeared to hold for different 
geographic areas and for differences among individuals.  However, another study (30) 
found no significant associations between the questionnaire items and the levels of 
pesticides in the house.  Self-reported household pesticide use data collected with either a 
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self-administrated questionnaire or in-depth personal interview found that 90% of 
respondents who did not report the use of pesticides in the questionnaire reported it 
during the interview (31).  Conversely, those reporting pesticide use in the questionnaire 
were more likely to also report home and garden pesticide use in the interview.  The 
authors concluded that pesticide use may be underreported in self-administered 
questionnaires, and behaviors and risk perception may affect the reporting (31).  
Underreporting of pesticide use leads to misclassification of exposure to pesticides within 
homes and gardens and results in loss of power in epidemiological studies and if 
differential by disease status in case-control studies, may bias the risk estimates.   

A strength of this study is the use of in-person interviews that use several tools to 
facilitate recall of cases and controls including standardized questionnaires, show cards 
and calendars to elicit responses regarding exposure to a wide range of chemicals and 
pesticides used at home and at work, for critical periods of the child's development.  
However, even these methods are limited by an individual’s ability to correctly recall past 
events.  Some limitations of this study must be considered.  While both interviews at Tier 
1 and Tier 2 asked questions regarding the same pesticides products, the methods of data 
collection were slightly different due to the interviews different objectives.  While these 
differences may have contributed to a lower level of agreement it would not effect our 
conclusion regarding the non-differential recall bias between cases and controls.  Because 
pest treatment information was collected primarily from mothers, their knowledge about 
paternal use of pesticides may have been inaccurate.  Therefore, some pesticide 
exposures may not have been ascertained, introducing additional misclassification.   

In conclusion, our results indicate that the reliability of maternal-reported 
household pesticide use was similar among cases and controls suggesting that differential 
recall of maternal-reported household use of pesticides may not be substantial.  To 
directly assess differential recall in studies of childhood cancer, additional efforts to 
evaluate the validity of self-reported pesticide exposures are needed.  However, based on 
the Kappa statistics, the overall agreement was fair to substantial, indicating potential 
non-differential recall of exposure which may attenuate estimates of association.  The 
similar in reliability between cases and controls as observed in these analyses, supports 
previous findings by the NCCLS suggesting that exposure to household pesticides is 
associated with elevated risk childhood leukemia. 
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SUPPLEMENTAL MATERIAL 
 
Yi = number of yes responses, tier i 
 
Ni = number of no responses, tier i 
 
Percent positive = [2Y1Y2 / (2Y1Y2+Y1N2+N1Y2)] 
 
Percent negative = [2N1N2 / (2N1N2+Y1N2+N1Y2)] 
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Table 1.  Characteristics of cases (n=209) and controls (n= 235), NCCLS, 2001–2006, 
included in the reliability study of self-reported pesticide use 

Characteristics  
Cases 
n (%)  

Controls 
n (%) 

Gender     
Male  125 (59.8)  139 (59.2) 
Female  84 (40.2)  96 (40.8) 
     
Age at diagnosis, years 
(reference date for controls)     
Mean (s.e.)  3.76 (0.13)  3.88 (0.12) 
     
Race/ethnicity     
Non-Hispanic white  72 (34.4)  106 (45.1) 
Hispanic  88 (42.1)  85 (36.2) 
Non-Hispanic black  7 (3.4)  7 (3.0) 
Non-Hispanic other races  42 (20.1)  37 (15.7) 
     
Maternal age at child’s birth, years   
Mean (s.e.)  30.3 (0.43)  30.5 (0.38) 
     
Household income, $     
< 29,999  53 (25.4)  37 (15.7) 
30,000-44,999  30 (14.3)  27 (11.5) 
45,000-59,999  27 (12.9)  34 (14.5) 
60,000-74,999  16 (7.7)  26 (11.1) 
≥ 75,000  83 (39.7)  111 (47.2) 
     
Maternal education     
High school or less  66 (31.6)  68 (28.9) 
Some college  60 (28.7)  68 (28.9) 
College or postgraduate  83 (39.7)  99 (42.2) 
     
Paternal education     
High school or less  82 (40.0)  82 (35.6) 
Some college  40 (19.5)  63 (27.4) 
College or postgraduate  83 (40.5)  85 (37.0) 
     
Urban/rural residence     
Rural  22 (10.5)  36 (15.3) 
Suburban  32 (15.3)  24 (10.2) 
Urban  155 (74.2)  175 (74.5) 
     
Days between interviews     
Mean (s.e.)  218.6 (7.2)  212.9 (5.4) 



Table 2.  Comparison of self-reported pesticide use1 by cases and controls combined (n=444) at Tier 1 and Tier 2, NCCLS, 2001-
2006 

  Tier 1 
n (%) 

 Tier 2 
n (%) 

Fleas, ticks  159 (35.9)  169 (38.2) 
Ants, flies, cockroaches  289 (65.1)  312 (70.3) 
Indoor foggers  39 (8.8)  47 (10.6) 
Weeds, insects, plants  191 (43.2)  195 (32.9) 
Professional pest service  142 (32.2)  145 (32.9) 
Professional lawn service  99 (22.5)  75 (17.1) 
1 pesticide use:  from three months prior to conception until three years of age 
 
 
 
 

Table 3.  Comparison of reliability of self-reported pesticide use1 by case-control status (cases, n=209 and controls, n=235), 
NCCLS, 2001-2006 
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Kappa 

 (95% CI)  
Percent positive (%) 

(95% CI) 
 Percent negative (%) 

(95% CI) 
  Cases Controls  Cases Controls  Cases Controls 

Fleas, ticks  0.53 (0.41-0.65) 0.58 (0.47-0.68)  70 (61-78) 74 (66-81)  83 (78-88) 84 (79-88) 
Ants, flies, cockroaches  0.35 (0.22-0.49) 0.31 (0.18-0.43)  80 (75-85) 77 (71-82)  55 (45-66) 54 (44-63) 
Indoor foggers  0.42 (0.21-0.63) 0.40 (0.21-0.58)  47 (28-67) 46 (28-63)  95 (92-97) 94 (91-96) 
Weeds, insects, plants  0.52 (0.40-0.64) 0.47 (0.35-0.58)  70 (62-78) 72 (66-79)  81 (76-86) 74 (68-81) 
Professional pest service  0.56 (0.44-0.68) 0.58 (0.47-0.69)  70 (61-79) 72 (64-80)  86 (81-90) 86 (82-90) 
Professional lawn service  0.61 (0.48-0.74) 0.51 (0.36-0.66)  71 (61-81) 58 (45-72)  90 (87-94) 92 (90-95) 
          
Overall   0.58 (0.52-0.62) 0.56 (0.51-0.61)  72 (69-76) 72 (68-75)  85 (83-87) 85 (83-86) 
Mean difference (95% CI)2   - 0.02 (-0.06, 0.01)  - 2.0 (-4.0, 1.0)  -1.0 (-2.0, 0.1) 
p-value3  0.840  0.927  0.812 
1 pesticide use:  from three months prior to conception until three years of age 
2 Bootstrap estimates for difference of means and variances between cases and controls, 3 Bootstrap estimated p-value 

 
 



Table 4.  Comparison of reliability of self-reported pesticide use1 by Hispanic Status (Non-Hispanic, n=271 and Hispanic n=173), 
NCCLS, 2001-2006 

  
Kappa 

 (95% CI)  
Percent positive (%) 

(95% CI) 
 Percent negative (%) 

(95% CI) 

  Hispanics Non-Hispanics  Hispanics Non-Hispanics  Hispanics 
Non-

Hispanics 
Fleas, ticks  0.49 (0.36-0.63) 0.59 (0.49-0.69)  66 (56-76) 75 (69-82)  83 (78-88) 84 (80-88) 
Ants, flies, cockroaches  0.25 (0.10-0.40) 0.38 (0.26-0.49)  76 (70-82) 80 (75-84)  50 (38-61) 57 (49-66) 
Indoor foggers  0.41 (0.20-0.62)  0.41 (0.22-0.59)  47 (28-67) 46 (28-63)  94 (91-96) 95 (93-97) 
Weeds, insects, plants  0.46 (0.32-0.60) 0.48 (0.38-0.59)  63 (52-74) 75 (69-81)  83 (78-88) 73 (67-79) 
Professional pest service  0.37 (0.21-0.53) 0.66 (0.57-0.75)  57 (44-70) 79 (73-85)  85 (80-89) 87 (83-91) 
Professional lawn service  0.39 (0.19-0.59) 0.63 (0.52-0.74)  47 (28-65) 72 (63-80)  92 (89-95) 91 (88-94) 
          
Overall   0.50 (0.44-0.55) 0.60 (0.56-0.64)  65 (60-69) 76 (73-78)  85 (83-87) 85 (83-87) 
Mean difference (95% CI)2  0.13 (0.09;0.17)  12.2 (9.0; 16.0)  1.0 (-1.0;1.0) 
p-value3  0.031  0.009  0.739 
1 pesticide use:  from three months prior to conception until three years of age 
2 Bootstrap estimates for difference of means and variances between Hispanics and non-Hispanics, 3Bootstrap estimated p-value 
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Table 5.  Comparison of reliability of self-reported pesticide use1 by years of maternal education (≤ 12 years, n=134 and > 12 years 
n=310), NCCLS, 2001-2006 

  
Kappa 

 (95% CI)  
Percent positive (%) 

(95% CI) 
 Percent negative (%) 

(95% CI) 
  ≤ 12 yrs > 12 yrs  ≤ 12 yrs > 12 yrs  ≤ 12 yrs > 12 yrs 

Fleas, ticks  0.45 (0.29-0.62) 0.58 (0.49-0.67)  60 (47-74) 75 (69-81)  85 (80-90) 83 (76-87) 
Ants, flies, cockroaches  0.29 (0.12-0.45) 0.34 (0.23-0.45)  74 (67-82) 80 (76-84)  54 (42-66) 54 (46-63) 
Indoor foggers  0.57 (0.30-0.84) 0.36 (0.19-0.52)  60 (35-85) 42 (27-57)  97 (94-99) 93 (91-95) 
Weeds, insects, plants  0.49 (0.33-0.65) 0.47 (0.37-0.57)  64 (52-77) 73 (68-79)  85 (80-91) 74 (68-79) 
Professional pest service  0.51 (0.34-0.69) 0.58 (0.49-0.67)  62 (48-77) 73 (67-80)  89 (84-93) 85 (81-88) 
Professional lawn service  0.44 (0.20-0.69) 0.59 (0.49-0.70)  50 (27-73) 68 (60-77)  94 (91-97) 90 (88-93) 
          
Overall   0.54 (0.47-0.60) 0.57 (0.53-0.61)  66 (61-71) 74 (71-76)  88 (85-89) 84 (82-85) 
Mean difference (95% CI)2  -0.03 (-0.12;0.07)  -7.0 (-11.0;-2.0)  4.0 (3.0;5.0) 
p-value3  0.728  0.057  0.042 
1 pesticide use:  from three months prior to conception until three years of age 
2 Bootstrap estimates for difference of means and variances between ≤ $12 years and > 12 years, 3 Bootstrap estimated p-value



 

 

 

 

 

 

CHAPTER SIX 

 

Summary of Findings and Future Directions 
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SUMMARY OF FINDINGS 

 
This dissertation examined the role of SES and racial distribution on participation of 

subjects in case control studies of childhood cancer, the role of selection bias on the 
association between EMF and childhood leukemia, as well as reproducibility of self-
reports of household pesticide exposure.  The research presented in this dissertation was 
made possible by the Northern California Childhood Leukemia Study, an ongoing 
population-based case-control study, supported by R01 ES09137, which commenced in 
1995.   

In Chapter 2 a systematic review and meta-analysis was conducted to compare race 
and ethnic status differences in childhood cancer rates as estimated by case-control 
epidemiologic studies with various design features.  The results indicated that in 
interview-based case-control studies of childhood cancer, the proportion of Whites 
compared to non-Whites tended to be higher among controls than among cases.  The 
opposite was true, however, for record-based case-control studies.  The results of the 
Meta-analyses presented in this chapter suggest that in the interview based case-control 
studies, cases (compared to controls) were more likely to be non-White than White with 
an overall OR of 1.37 (95% CI 1.13, 1.67).  In contrast, in the record-based studies, cases 
(compared to controls) were less likely to be non-White than White, with an overall OR 
of 0.81 (95% CI 0.72,0.91).  Chapter 2 also compares estimates of racial distribution 
among cases as reported by case-control studies to those observed for an ideal case series 
with complete case ascertainment for these studies or in population-based cancer 
registries in corresponding geographic regions and calendar periods.  The results 
indicated that the proportion of Whites tended to be higher among the participating cases 
in the published case-control studies compared to the proportion of Whites among the 
non-participating cases or in cancer registries.  The observed differential participation 
bias in the interview-based case-control studies, where cases are less likely to be White 
than controls, may result in biased effect estimates for various potential risk factors, 
including SES, that are associated with race or ethnicity.  This chapter emphasizes the 
importance of matching on race when the racial distribution of the source population is 
heterogeneous.  Indeed, one of the NCCLS strengths is the use of methods that achieved 
approximately population-based ascertainment, which provided cases and controls that 
are representative of the Hispanic and White Non-Hispanic populations of California.  
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In Chapter 3, an analysis using a subset of the NCCLS population was performed to 
compare the association between SES and childhood leukemia using data from three 
sources: face-to-face interviews, birth certificates, and California 1990 and 2000 
censuses.  The results of this chapter show an inverse association between childhood 
leukemia and SES, when an interview-based case-control study design was used.  In the 
interview based design, participating controls had statistically significant (P<0.05) higher 
levels of household income, maternal education and maternal age at child’s birth than the 
participating cases.  In contrast, a positive association between SES and childhood 
leukemia was observed while using individual level data from birth certificates or from 
the California 1990 and 2000 censuses with a study design that resembles an ecologic 
study (i.e. comparing ideal controls to ideal cases).  This indicates that the difference in 
the direction is probably due to selection bias, with participant controls of higher SES 
than non-participant controls in case-controls studies.  This source of bias can result in 

 



spurious associations between disease and the wide range of exposures linked to race and 
SES.   

Selection bias has been a major concern in studies on the association of childhood 
leukemia with exposures to extremely low frequency-magnetic fields (ELF-MF) (1, 2).  
Owing to low participation among cases and controls in some past ELF-MF studies, the 
potential for selection bias is large in most studies of ELF-MF exposure and childhood 
leukemia.  This aspect was further investigated in Chapter 4, using a subset of the 
NCCLS, which assessed whether bias related to control selection may explain the 
association between ELF-MF and childhood leukemia as previously observed in case-
control studies.  Following the results of Chapter 2 and 3, the results of this chapter were 
predictable.  Actual controls were found to be of higher SES than the first choice non-
participant controls and lower SES was related to higher wire configuration codes 
categories, used as a surrogate measure for residential MF exposure.  This scenario, with 
SES being related to both participation and EMF may lead to a biased risk estimate.  
Indeed, the odds ratios (OR) for developing childhood leukemia in the high wire 
configurations codes category were 1.43 (95% confidence interval (CI): 0.91, 2.26) 
compared to the first choice participant controls, while no associations were observed 
when compared to non-first choice participant controls (OR=1.06, 95% CI: 0.71-1.60) or 
first choice non-participant controls (OR=1.06, 95% CI: 0.71-1.57).  These three ORs 
suggest that the observed risk estimates depend on the selected control group.  This may 
also indicate that the elevated risk estimate observed in early studies may have been 
biased due to less careful control selection, especially those using Random-Digit Dialing 
method for control selection.   

Of importance to the NCCLS is the fact that the comparison between actual cases to 
actual controls and the comparison between ideal cases and ideal controls yield similar 
results.  Participant cases assigned to high-current configurations experience a non-
significant increased risk of childhood leukemia, when compared to the actual controls 
(OR=1.21, 95% CI: 0.85-1.72).  The comparison between ideal cases to the ideal controls 
indicates a similar result (OR=1.18, 95% CI: 0.85-1.64).  Additional results of 
reassurance were that the distribution of wire configuration codes was similar between 
the first-choice non-participant controls and their replacement group (the non-first choice 
participant controls) (OR=1.00, 95% CI: 0.66-1.55), suggesting that the methods for 
selecting controls did not introduce an additional source of control selection bias.  These 
results indicate that while selection bias is likely to play a role in the observed association 
of most EMF – childhood leukemia studies, it is not likely to play a role in the NCCLS 
study.   

Selection bias is not the only measurement error that can cause a biased effect 
estimates.  Recall bias can distort the measure of association between exposure and 
disease by any magnitude and direction, and this distortion is frequently difficult to 
predict (3).  This type of bias has been repeatedly discussed by previous studies on 
childhood leukemia and self-reports of pesticides exposure.   

In the absence of an objective reference, i.e., a “gold standard” to perform a 
validity study of self-reported home pesticide use; the reproducibility of self-reported 
pesticide household use and potential differential recall between cases and controls was 
assessed (Chapter 5).  The results of Chapter 5 indicate that the Kappa statistics ranged 
from 0.31 to 0.61 (fair to substantial agreement), with 9 out of the 12 tests indicating 
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moderate agreement (0.41-0.60).  The percent positive agreement ranged from 46-80% 
and the percent negative agreement from 54-95.  Reliability of responses for most 
categories using Kappa and percent positive agreement were higher for non-Hispanics 
than Hispanics and for households with higher income versus lower income.  Relevant 
results for the NCCLS are those indicating that the reliability of self-reported exposures 
for all pesticide categories using the three reliability measures did not differ markedly for 
cases and controls as confirmed by bootstrap analysis.  These results suggest that 
differential recall due to self-reporting of household use of pesticides was not a major 
source of bias in the NCCLS.  In addition, this analysis provides arguments strengthening 
the conclusions on associations reported not only by the NCCLS (4) but also in previous 
studies. 
 
 

FUTURE DIRECTIONS 

 
Several recommendations for future directions derive from this dissertation and they 
relate to all stages of the case-control epidemiological study: design and early planning, 
conducting the study, analysis and reporting of study results.  
 
 
Novel methods in control selection need to be developed 
This dissertation’s main conclusion is that in case-control studies which require 
participation, control selection should be done in an extremely careful manner with 
adequate documentation to reduce the potential for a biased risk estimate.  For studies 
done in the United States, population based case-control studies have been shown to 
provide a comparison group that is more representative of the source population for the 
cases. 
   
 
Develop strategies to improve study participation 
The need for improving study participation has been raised in previous publications 
because participation rates for epidemiologic studies have been declining over the past 30 
years (5).  Epidemiologic studies with low levels of participation may be more vulnerable 
to self-selection bias than those with high participation.  In addition, with an ongoing 
change in the racial distributions of populations, it is highly important to increase study 
participation of subjects from minority groups.  As discussed in Chapter 3, several factors 
have been found to affect participation, including the method of recruitment, number of 
contacts, the use of incentives etc.  However, because there are many other factors that 
investigators cannot control (age, gender, subject’s level of interest in the topic), 
investigators must consider every available method to achieve a high response.  In 
addition, pilot studies in the months before launch can help immensely in finding the 
approaches that achieve an adequate response. 

Recent studies have discussed the utility of studies that use hybrid data collection 
methods for increasing participation rates.  Such hybrid data collection may increase 
participation by providing different methods of data collections for respondents, in order 
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to increase convenience for respondents with different preferences (e.g. mail, internet, 
telephone interviews, and face-to-face interview).  These methods can also help in 
achieving more information, even if basic, from non-respondents.   

Future strategies should evaluate the development of Web-based modes of data 
collection, allowing respondents to complete questionnaires at a time and in a place that 
is most convenient for them.  In the more distant future, this may even allow internet 
Web-Cam “face-to-face” interview with a much lower cost than today’s “face-to-face” 
interviews.  These methods should be developed and observed, but it is premature to use 
them in actual studies.  Nevertheless, the focus should be on developing methods to 
increase participation of subjects of lower SES and less on subjects of higher SES. 
 
 
Develop guidelines for reporting and evaluation of study participation   
Standardized reporting guidelines of non-participation for epidemiologic studies needs to 
be developed and eventually gain a broad consensus among researchers and journal 
editors.  In 2002, Olson et al. (6) proposed a set of standards for the reporting of 
participation and recruitment in case-control studies.  The adoption of standardized 
reporting guidelines for observational epidemiologic studies could improve the current 
practice of reporting epidemiologic research and will ultimately stimulate improvements 
in the methods of recruiting study participants and the research itself.  In addition, it will 
contribute important information for assessing the validity of individual studies (6).   
 
 
Reducing recall bias and future analysis on the association between childhood 
leukemia and pesticides 
All case control studies should make an effort to reduce recall bias by using detailed 
standardized questionnaires, memory aids, and use of show cards of certain exposures.  In 
addition, the interviews should be conducted as soon as possible after the date of 
diagnosis.  This dissertation shows that there is probably no difference in recall due to 
self-reporting of household use of pesticides in the NCCLS and therefore it support 
previous publications of the NCCLS and others indicating a positive association between 
childhood leukemia and pesticides (7, 8).  Future studies on this topic should examine the 
association between parental exposure to pesticides and distinct cytogenetic subgroups of 
childhood leukemia. 
 
 
Analyses of Selection Bias  
Investigators need to evaluate the potential effects of differential participation on the 
study results.  It is prudent to glean information about non-response from within the study 
population, or elsewhere, to discern the likely direction and magnitude of the resulting 
biases.  There is a need for better evaluation of the potential for selection bias in all case–
control studies.  Investigators may need to consider differential participation by race and 
ethnic status as a potential source of bias in the interpretation of results from case-control 
studies of childhood cancer.  In addition, advanced statistical methods for adjustment of 
potential bias introduced by study nonparticipation should be developed.   

 

107

 



Future analyses on the association of childhood leukemia with exposure to EMF 
Chapter Four of this dissertation illustrated that the observed risk estimates depend on the 
selected control group.  This dissertation also shows that there is probably no association 
between childhood leukemia and residential EMF (assessed by wire coding 
configurations).  After three decades of extensive research it is unlikely that additional 
studies will provide new results, especially due to the lack of biological plausibility, the 
rarity of exposure and disease together with the high non-participation rates often 
encountered.  Given the scarcity of resources, future studies should focus on reanalyzing 
existing data, but there is probably no need for new large scale case-control studies on 
this topic. 
 

Biases due to Selection and recall have been a major threat to the validity of case 
control study results since these studies were first introduced.  These days, epidemiologic 
research has grown increasingly complicated, involving sophisticated exposure 
assessment methods, collaboration across different disciplines, collection of 
biospecimens for gene-environment interactions, as well as international collaboration.  
Yet, the new tools of epidemiology cannot ignore the threat of selection bias stemming 
from non-response in case-control studies that require participation.  These sophisticated 
methods are improving our knowledge of the etiology of childhood leukemia and may 
eventually lead to disease prevention.  As illustrated here, the success of these studies 
will still depend on a study population that is representative of the source population, 
high levels of participation and high quality data.  
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