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Abstract
Purpose—In epidemiologic studies, neighborhood characteristics are often assigned to individuals
based on a single residence despite the fact that people frequently move and, for most cancer
outcomes, the relevant time-window of exposure is not known. The authors evaluated residential
mobility patterns for a population-based series of childhood leukemia cases enrolled in the Northern
California Childhood Leukemia Study.

Methods—Complete residential history from one year prior to birth to date of diagnosis was
obtained for 380 cases diagnosed between 1995 and 2002. All residences were assigned U.S. Census
block group designations using a geographic information system.

Results—Overall, two-thirds (65.8%) of children had moved between birth and diagnosis, and a
third (34.5%) moved during the first year of life. Approximately 25% of the mothers had moved
during the year before the child's birth. Multivariable analysis indicated greater residential mobility
to be associated with older age of the child at diagnosis, younger age of the mother at child's birth,
and lower household income. Among those who had moved, residential urban/rural status for birth
and diagnosis residences changed for about 20% of subjects, and neighborhood SES for 35%.

Conclusions—These results suggest that neighborhood attribute estimates in health studies should
account for patterns of residential mobility. Estimates based on a single residential location at a single
point in time may lead to different inferences.

Keywords
Childhood leukemia; Epidemiology; Exposure classification; Residential mobility; Socioeconomic
status

INTRODUCTION
It is becoming increasingly more common in epidemiological studies to use residential location
to examine the effects of neighborhood characteristics and hazardous environmental exposures
in relation to certain health outcomes, particularly with the expanding use of geographic
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information system tools (1). Studies examining the association between socioeconomic status
(SES) and risk of childhood leukemia have used these methods to assign area-based measures
of SES to children based on the geographic location of a single residence in time, usually birth,
diagnosis, or death residence (2). Previous studies of childhood leukemia have also evaluated
risks associated with proximity of a child's residence to sources of air pollution, traffic
emissions (3), and agricultural pesticides (4). However, such data fail to account for the degree
of misclassification which may result from residential mobility of the subjects. Such concerns
are compounded by the uncertainty regarding the potentially different effects of exposures
during critical time windows of development, the importance of which is becoming more
evident based on recent studies (5,6).

The current study takes advantage of an unusual opportunity to utilize complete residential
histories from one year prior to birth to the date of diagnosis for a population-based series of
childhood leukemia cases enrolled in the Northern California Childhood Leukemia Study
(NCCLS). We evaluated both the degree of residential mobility and characteristics associated
with mobility in this population. In addition, among children who moved, we evaluated the
differences between the child's birth and diagnosis residence for two residential attributes of
ongoing interest in the literature on childhood cancer: neighborhood levels of urbanization and
SES.

MATERIALS AND METHODS
Study population

The NCCLS is an ongoing case-control study designed to investigate the etiology of pediatric
leukemias. Beginning in December of 1995, newly diagnosed childhood leukemia cases were
rapidly ascertained from every major pediatric hospital located in a 17-county San Francisco
Bay Area study region, which was expanded in 1999 to 35 counties in Northern and Central
California. Initial comparisons with population-based surveillance data from the California
Cancer Registry (1997-1999) demonstrated the NCCLS rapid case ascertainment protocol to
have effectively identified nearly 90 percent of all age-eligible newly diagnosed childhood
leukemia cases among residents of the study counties. Cases interviewed between 1995 and
2002 are included in this current analysis (N = 380). For each eligible case, the statewide birth
registry maintained by the Center for Health Statistics of the California Department of Public
Health was utilized to generate a list of randomly selected controls that matched the case on
date of birth, gender, maternal race, and Hispanic status (has a biological parent who is
Hispanic).

Cases and controls were considered eligible if they were under 15 years of age, resided in the
study region at the date of diagnosis (or corresponding reference date for controls), had a parent
or guardian who spoke either English or Spanish, and had no prior history of malignancy.
Approximately 85 percent of eligible cases have consented to participate. Residential mobility
patterns were presented for the case series only. The control group may be, by design, less
mobile compared to the source population as a result of our control selection strategy which
required tracing people from California birth addresses. A detailed description of control
selection in the NCCLS is reported elsewhere (7).

The study protocol was approved by the Institutional Review Boards of University of
California, Berkeley and all collaborating institutions, and a written informed consent was
obtained for all participating subjects.
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Data collection
Interview data—A detailed in-home personal interview with the primary caretaker of each
subject was conducted shortly after consent was obtained. Residential street addresses for all
residences one month or longer were collected for children from birth to the date of diagnosis,
and for mothers one year prior to child's birth. Information pertaining to the child used to
evaluate characteristics associated with residential mobility included age, sex, race/ethnicity,
birth order, breastfeeding, daycare attendance and complete residential history from birth to
the time of diagnosis. Relevant parental characteristics included mother's age at child's birth,
parental education, annual household income at the time of interview, mother's place of birth,
mother's residences during the year before child's birth and whether she smoked some time
during the three years after the child was born.

Residential attribute data—We geocoded all residences of the child from birth to the date
of diagnosis. We used a geographic information system (GIS) to automatically match addresses
to a road network and assigned a latitude/longitude coordinate, which was then used to
determine the corresponding U.S. Census block group. When possible, we manually located
all addresses that could not automatically be matched. Geocoding was performed using
ArcView GIS software (8) (Environmental Systems Research Institute, Redlands, CA) and
street databases (9-11). We did not attempt to geocode addresses outside California.

We used data from the U.S. Census Bureau to derive neighborhood measures of urbanization
and SES. We assigned measures of urbanization to all residences (large metro, city and rural/
town) based on U.S. Census 1990 and 2000 block group data for residences with move-in dates
during or prior to 1995 and move-in dates after 1995, respectively. The “large metro” category
was defined as areas within a Metropolitan Statistical Area (MSA) or Consolidated
Metropolitan Statistical Area (CMSA) of ≥ 1 million people. The middle category, “city,”
included areas in MSA/CMSAs of < 1 million people. The final category, “rural/town,”
included small towns (< 50,000 people) and rural areas outside of census-designated urbanized
areas.

We created a summary SES metric based on the 1990 and 2000 census data, incorporating
block group measures of occupation, education and income (9,12). To do this, we first ranked
all California block groups separately by education level (percentage of adults over age 25
having completed a college degree or higher), income (median family income) and occupation
(percentage of adults employed in managerial or professional occupations) according to
quartiles based on the statewide adult population. This resulted in a score of one through four
for each of these SES attributes (13). We then summed the scores for each attribute and
categorized them into three groups based on quartiles: low SES (the lowest quartile of this
score for the statewide population), medium SES (second and third quartiles) and high SES
(the fourth and highest quartile).

Statistical analysis
Subjects who reported having two or more residences between birth and diagnosis were
considered movers. The Pearson chi-square test was used to compare the characteristics of
movers and non-movers among childhood leukemia cases. To evaluate factors associated with
residential mobility, rate ratios (RR) and 95 percent confidence intervals (CI) were calculated
using multiple linear regression assuming a Poisson distribution for the number of child's
residences from birth to diagnosis. A scaling factor was specified to adjust for the observed
under-dispersion of the count data, a situation where the variance for the Poisson distribution
of the data is smaller than the mean. Among childhood leukemia cases who moved, birth
residence and diagnosis residence were compared in terms of two residential attributes: (1)
urban/rural status and (2) SES. Kappa statistics were calculated to evaluate the categorical
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agreement of residential attribute levels between birth and diagnosis residence. The
characteristics of children experiencing “no change” in residential attributes between birth and
diagnosis residence were compared to children experiencing a change in residential attributes
using the Pearson chi-square test.

RESULTS
Table 1 shows the patterns of residential moves among all childhood leukemia cases, and
separately for younger and older age groups. Overall, 65.8 percent (250/380) of the study
children had two or more residences between birth and the date of diagnosis. As expected,
child's residential mobility varied considerably by age with about 55 percent of children aged
0 to 4 years having moved at least once compared to 80 percent of children aged 5 to 14 years.
A large proportion of children that moved had at least one residence outside of the county of
the birth residence (38.5 percent among children ages 0 to 4 and 46.6 percent among children
ages 5 to 14), including areas outside of California and the U.S. Among children who had
moved, slightly greater than half (131/250) moved for the first time during the first year of life.
Finally, about a quarter (101/380) of children's mothers moved during the year before the child's
birth.

Table 2 presents the characteristics of movers (2 or more residences between birth and
diagnosis) and non-movers (1 residence). Compared to non-movers, movers appeared to be
older at diagnosis, have younger mothers, have parents with less formal education, have
mothers who smoked, and have a diagnosis residence located in an area of lower SES. Also,
there appeared to be a larger proportion of Hispanic and Black children than non-Hispanic
White and “other” race/ethnicities among the movers. The results of the multivariable analyses
presented in table 3 indicate that, similarly, a greater number of residences is associated with
older age of the child at diagnosis, younger age of the mother at child's birth, lower household
income, and living in an area classified as “city” (versus rural or town) at diagnosis. Analyses
stratified by child's age at diagnosis produced similar results as the combined analysis (data
not shown).

Among children who moved and had both birth and diagnosis residences geocoded (N = 201),
we evaluated the differences between the child's birth and diagnosis residence for two attributes
of interest, urban/rural status and SES. Tables 4 and 5 present the concordance and discordance
between the two residences in terms of these residential attributes. On average, approximately
80 percent of children who moved experienced no change in urban/rural status between the
two residences (kappa = 0.672, P < 0.001). Of those who did experience change, a larger
number of children appeared to move from large metro areas to rural areas (14 subjects)
compared to moves in the opposite direction (0 subjects). For SES, approximately 64 percent
of children maintained the same residential SES between birth and diagnosis residence (kappa
= 0.428, P < 0.001), a slightly lower percentage compared to what was observed for urban/
rural status. Of those who did change in residential SES, the direction appeared to be from
lower to higher SES.

When examining the characteristics associated with change in residential attributes between
birth and diagnosis residence, daycare attendance appeared to be less common among children
who experienced change in urban/rural status compared to children with no change (data not
shown). Also, children who experienced change were more likely to have mothers that moved
during the year before the child's birth. No marked associations were observed for changes in
SES between birth and diagnosis residence (data not shown).
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DISCUSSION
This descriptive analysis of residential mobility for a population-based series of California
childhood leukemia cases showed subjects to be highly mobile, with 65.8 percent of subjects
having changed residences at least once (55 percent among children aged 0 to 4 years and 80
percent among children aged 5 to 14 years) during the period between birth and the date of
diagnosis. In a study conducted in Northern England, Alexander et al. observed that 30.8
percent of children with leukemia and non-Hodgkin's lymphoma had changed residence by the
age of 2 (14). The California children in our study were more mobile, with 47.1 percent of
children having changed residence by the age of 2 years. In addition, we observed a greater
proportion of mothers moving during the year before child's birth (26.6 percent) than in the
Northern England study (16.5 percent). Our observation for mother's residential mobility
during the year before child's birth is more consistent with U.S. studies of birth defects which
have reported findings ranging from 20 percent to 33 percent (15-17). The authors of the
Northern England study acknowledge, however, that their study population is likely to be less
mobile compared to the general population since selection into the study required children to
have been living in the same area at birth and at diagnosis. As expected, our results are similar
to those from a study of leukemia in children less than five years of age conducted in San
Diego, California which found that more than half of those young children had moved at least
once between birth and diagnosis (18).

In this current study, several factors were found to be associated with residential mobility
including older age of the child, younger age of the mother at child's birth, lower household
income and diagnosis residence located in “city” compared to “rural or town.” Somewhat
unexpectedly, there did not appear to be a significant difference in the number of residences
between the race/ethnicity groups after accounting for the influence of SES in the multivariable
analysis. We are not aware of other studies in the epidemiologic literature that describe
characteristics associated with child's residential mobility. However, studies evaluating the
mobility of mothers during pregnancy have reported similar findings associated with age, race
and SES (15,19). Urban/rural status was not found to be associated with mobility in these
studies of pregnant women.

Many studies of SES and childhood leukemia have used neighborhood measures of SES based
on a single residence (2). A recent case-control study from Denmark, which was able to
compare the risk of childhood leukemia associated with SES based on birth residence and
diagnosis address, observed an increased leukemia risk for children born in low-income areas,
but no difference based on diagnosis address or based on individual SES information (job class
of parents) (20). This study highlights the fact that different inferences may be drawn by relying
on a single residence at one point in time, and this may account for some of the inconsistencies
in the literature on SES and childhood leukemia (2,21).

Several studies, including one recent California state-wide study, have shown that low-income
neighborhoods and communities of color are more likely to be located near sources of pollution
(22-24). This suggests that the changes in SES between birth and diagnosis residence observed
in our study population may also be accompanied by changes in exposures to environmental
pollutants, including motor vehicle emissions and industrial pollutants. Most previous studies
have estimated such exposures based on either child's birth residence, residence at diagnosis,
or current residence primarily due to the lack of residential history information. Our limited
knowledge of the causes of childhood leukemia and the role of timing of exposure makes it
difficult to assess which of these estimates may be most appropriate, and this resulting
“misclassification” may contribute to the inconsistent results for many of these factors. In our
comparison of child's birth and diagnosis residence with regards to two residential attributes,
we found that a large proportion of subjects tended to move to areas of similar urban/rural
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status (80 percent) and SES (64 percent). However, this may be an overestimate since this
analysis was limited to subjects with both birth and diagnosis residences geocoded, and as a
result, excluded a small number of subjects born outside of California (2.9 percent) and those
with residences that could not be geocoded for some reason (~10 percent of subjects' birth or
diagnosis residences). Furthermore, this analysis does not evaluate changes in residential
attributes for residences other than those at birth and diagnosis.

Our focus on a population-based series of childhood leukemia cases enrolled in the NCCLS
as opposed to the controls was guided by our concern that the control group may be artificially
less mobile compared to the case source population as a result of our control selection strategy.
In preliminary analyses, cases do appear to be more mobile than controls, however, the degree
to which this difference in mobility can be attributed to our selection strategy has not been
determined. Although the two groups differed with respect to total number of residences, the
factors associated with residential mobility among controls were largely similar to those
presented here for cases. In addition, the concordance and discordance between birth and
diagnosis residence with regard to urban/rural status and neighborhood SES did not appear to
significantly differ from that of cases.

In summary, results of this descriptive analysis demonstrate this population-based series of
cases to be highly residentially mobile, with patterns that differ by demographic subgroups.
These results suggest that for epidemiologic studies of children, even very young ones, there
are serious implications in using a single residential location to determine area-based exposure
assignments. Additionally, in view of the uncertainties about which time periods may be of
primary importance for leukemia risk and in order to examine exposures during different time
periods, attempts should be made to account for patterns of residential mobility. With full
residential histories of the children, area-based measures can be estimated for all residences,
and changes in estimates due to residential mobility can be accounted for in the analysis. In
the absence of pertinent residential history data in studies where children are suspected to be
residentially mobile, one strategy may be to limit the study population to children with certain
demographic characteristics that have been associated with less mobility, such as those
identified in this analysis.
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TABLE 3
Multivariable analysis using Poisson regression to model child's number of residences as a function of select
characteristics of childhood leukemia cases enrolled in the NCCLS, 1995-2002.

Characteristics RR 95% CI *

Child's Characteristics

Age at diagnosis (years)

0-1 1.00 Ref

2-4 1.47 1.19, 1.84

5-9 2.07 1.66, 2.60

10-14 2.61 2.06, 3.31

Race/ethnicity

White, non-Hispanic 1.00 Ref

Hispanic 0.93 0.80, 1.07

Black, non-Hispanic 0.92 0.67, 1.26

Other 1.03 0.82, 1.29

Parental Characteristics

Maternal age at child's birth (years)

< 20 1.00 Ref

20-24 0.77 0.64, 0.92

25-29 0.66 0.54, 0.80

30-34 0.55 0.44, 0.68

≥ 35 0.45 0.34, 0.60

Paternal education

≤ High school 1.00 Ref

Some college or other school 0.84 0.71, 1.01

Bachelor's degree 1.00 0.83, 1.20

Household income ($k/year)

< 15 1.00 Ref

15-29 0.90 0.75, 1.08

30-44 0.85 0.70, 1.04

45-59 0.66 0.54, 0.82

60-74 0.65 0.51, 0.84

≥ 75 0.72 0.57, 0.92

Mother moved during the year before child's birth

No 1.00 Ref

Yes 1.07 0.94, 1.22

Residential Area Characteristics

Urban/rural at diagnosis residence

Rural or town 1.00 Ref

City 1.26 1.07, 1.48

Large metro 1.09 0.94, 1.28

*
Rate ratios (RR) and 95% confidence intervals (CI) were determined using multiple linear regression adjusting for all variables in the table and assuming

a Poisson distribution for number of child's residences. A scaling factor was specified to adjust for the under-dispersion of the data. Variables included in
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the initial model included child's age at diagnosis, child's race/ethnicity, maternal age at child's birth, maternal education, paternal education, household
income at diagnosis, mother moved during the year before child's birth, maternal smoking after child's birth, residential urban/rural status at diagnosis
residence and residential SES at diagnosis residence.
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