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Abstract

Studies of environmental exposures and childhood cancers that rely on records often only use 

maternal address at birth or address at cancer diagnosis to assess exposures in early childhood, 

possibly leading to exposure misclassification and questionable validity due to residential mobility 

during early childhood.

Our objective was to assess patterns and identify factors that may predict residential mobility in 

early childhood, and examine the impact of mobility on early childhood exposure assessment for 

agriculturally applied pesticides and childhood cancers in California.

We obtained the addresses at diagnosis of all childhood cancer cases born in 1998–2011 and 

diagnosed at 0–5 years of age (n=6,478) from the California Cancer Registry (CCR), and their 

birth addresses from linked birth certificates. Controls were randomly selected from California 

birth records and frequency matched (20:1) to all cases by year of birth. We obtained residential 

histories from a public-record database LexisNexis for both case (n=3,877 with age at diagnosis 

1–5 years) and control (n=99,262) families. Logistic regression analyses were conducted to assess 

the socio-demographic factors in relation to residential mobility in early childhood. We employed 

a Geographic Information System (GIS)-based system to estimate children’s first year of life 
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exposures to agriculturally applied pesticides based on birth vs diagnosis address or residential 

histories based upon Lexis-Nexis Public Records and assessed agreement between exposure 

measures using Spearman correlations and kappa statistics.

Over 20% of case and control children moved in their first year of life, and 55% of children with 

cancer moved between birth and diagnosis. Older age at diagnosis, younger maternal age, lower 

maternal education, not having a Hispanic ethnic background, use of public health insurance, and 

non-metropolitan residence at birth were predictors of higher residential mobility. There was 

moderate to strong correlation (Spearman correlation=0.76–0.83) and good agreement 

(kappa=0.75–0.81) between the first year of life exposure estimates for agricultural pesticides 

applied within 2 km of a residence relying on an address at birth or at diagnosis or LexisNexis 

addresses; this did not differ by outcome status, but agreement decreased with decreasing buffer 

size, and increasing distance moved or age at diagnosis.

These findings suggest that residential addresses collected at one point in time may represent 

residential history in early childhood to a reasonable extent; nevertheless, they exposure 

misclassification in the first year of life remains an issue. Also, the highest proportion of women 

not captured by LexisNexis were Hispanic women born in Mexico and those living in the lowest 

SES neighborhoods, i.e. possibly those with the higher environmental exposures, as well as 

younger women and those with less than high school education.

Though LexisNexis only captures a sub-population, its data may be useful for augmenting address 

information and assessing the extent of exposure misclassification when estimating environmental 

exposures in large record linkage studies. Future research should investigate how to correct for 

exposure misclassification introduced by residential mobility that is not being captured by records.
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1. Background

Large-scale record-linkage studies of environmental exposures in early childhood can avoid 

selection and recall bias that impacts studies with active subject recruitment. However, they 

often need to assign exposures based upon one maternal residential address, which is readily 

available from birth certificates (Carozza et al., 2009; Heck et al., 2014; Lavigne et al., 2017; 

Reynolds et al., 2005; von Ehrenstein et al., 2016) and/or residential address at diagnosis, as 

was done in some childhood cancer studies (Carozza et al., 2008; García-Pérez et al., 2016, 

2015). The reliance on one address implicitly makes the assumption that a child’s residence 

remains the same throughout early childhood, or if they move, that the exposure levels 

remain the same. Consequently, exposure misclassification may result from moving in early 

childhood, especially for exposures with high spatial heterogeneity such as pesticides and air 

pollution. This is a ubiquitous problem encountered by nearly all record-based studies that 

lack a complete residential history for each child.
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In a 2003–2007 California statewide representative survey, only 14% of women moved in 

the 2–7 months post-partum (Margerison-Zilko et al., 2016), but the frequency of residential 

moves increases with a child’s age. For more than 50% of childhood cancer cases under age 

5 diagnosed in California between 1988 and 2005, address at birth differed from the address 

at cancer diagnosis (Reynolds et al., 2004; Urayama et al., 2009), which raises concerns 

about using residence at birth to assess exposures in early childhood. While previous studies 

that examined residential proximity to environmental exposures have referred to exposure 

misclassification when solely using address at delivery or conception instead of a full 

residential history (Fell et al., 2004; Hodgson et al., 2015; Pennington et al., 2016; Schulman 

et al., 1993) and the potential bias resulting from residential mobility during pregnancy 

(Pennington et al., 2016), they rarely focused on early childhood. To date, only a few studies 

investigated the impact of residential mobility in early childhood on exposure assessment or 

effect estimates (Brokamp et al., 2016; Danysh et al., 2017; Nikkilä et al., 2018; Tee Lewis 

et al., 2019). Two Texas studies reported exposure estimates for two air toxics at diagnosis to 

be lower than at birth among young children (0–4 years) diagnosed with leukemia or central 

nervous system tumor (Danysh et al., 2017; Tee Lewis et al., 2019). An Ohio study 

examined traffic-related air pollution, greenspace, and community-level characteristics 

among children from birth through age seven in relation to asthma (Brokamp et al., 2016) 

and a Finnish study examined background radiation exposure among children in relation to 

childhood leukemia (Nikkilä et al., 2018). Both studies suggested that using the birth 

address or the last known address instead of the full address history may result in exposure 

misclassification leading to a bias toward the null.

It is often not feasible to acquire complete residential histories from interviews for subjects 

in record-based studies to generate a gold standard against which to compare recorded birth 

or diagnosis addresses. However, databases containing public records of individuals 

collected by commercial companies have become available in recent years allowing us to 

trace individuals without a self-reported residential history. For example, LexisNexis® 

Public Records (https://www.lexisnexis.com/en-us/products/public-records.page, hereinafter 

referred to as LexisNexis), a commercial credit reporting company, provides all known 

addresses for a set of individuals upon request. Earlier studies have shown that addresses 

acquired from LexisNexis are useful for reconstructing residential histories for subjects in 

epidemiological studies with an overall match rate of ~70–85% when detailed address 

histories were obtained in interviews (Hurley et al., 2017; Jacquez et al., 2011; Wheeler and 

Wang, 2015). However, subjects from these studies were mostly middle-aged or older, and 

their residential mobility may differ from that of women at child-bearing age.

The degree of exposure misclassification due to mobility depends on the distance moved, the 

spatial heterogeneity of the exposure (Bell and Belanger, 2012), and the method of exposure 

assessment in each study. For example, ecological measures of agricultural activity at the 

county level (Carozza et al., 2008) would not be altered by moving within a county. In 

contrast, individual-level measures of proximity to pesticide applications or crops as a proxy 

within a ~800–1000 m buffer of a child’s residence (Cockburn et al., 2011; Gómez-Barroso 

et al., 2016; Rull et al., 2009) may be subject to considerable misclassification due to 

residential mobility. Thus far, there is no literature reporting the impact of residential 

Ling et al. Page 3

Environ Res. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.lexisnexis.com/en-us/products/public-records.page


mobility in children’s first year of life at a spatial resolution that would capture fine-scale 

variation in pesticide exposures from agricultural applications.

The objectives of the present study are to assess patterns of mobility and identify maternal 

and child characteristics that may predict residential mobility in early childhood between 

birth and diagnosis before age 6, and to examine the impact of mobility on first year of life 

exposure assessment for agricultural pesticides applied near residences in California.

2. Methods

2.1 Study Population

We obtained information on all childhood cancer cases diagnosed before 6 years of age born 

in 1998–2011 from the California Cancer Registry (http://www.ccrcal.org). This study was 

conducted as part of the Air Pollution and Childhood Cancers (APCC) study, a large case-

control investigation of children ages 0 to 5 years in CA, described previously (Heck et al., 

2013). In brief, cases were linked to birth certificates using first and last names, date of birth, 

and social security number when available, using a probabilistic linkage program (LinkPlus, 

CDC) (89% matching rate); it is likely most of the remaining 11% of cases were born out of 

state (Urayama et al., 2009). From among all cases (n=7,160), we excluded 682 cases 

without address at diagnosis listed on cancer reports, mostly diagnosed in 2012 and 2013. 

For other years, less than 1–2% were missing address at diagnosis. The final case dataset 

included 6,478 childhood cancer cases. Controls free of cancer by age of 6 were randomly 

selected from birth certificates and frequency matched (20:1) by year of birth to all 

childhood cancer cases. Controls who were likely nonviable births (birth weight <500 g or 

birth before 20 weeks of gestation) (n=461), with unknown sex (n=2), those with a birth 

address outside of California (n=494), with missing census tract information (n=319), or 

who died before age of 6 according to a death certificate (n=1,599) were excluded. When 

analyzing LexisNexis addresses and related exposure estimates, we excluded all subjects 

born before 2001 or in 2007 due to an error that occurred during the delivery of a dataset 

containing address information to LexisNexis, leaving for analyses 99,262 controls. This 

project was approved by the human subjects protection boards of the University of 

California, Los Angeles, and the California Committee for the Protection of Human 

Subjects.

2.2 Maternal and Child Characteristics

Based on previous literature (Canfield et al., 2006; Margerison-Zilko et al., 2016; Urayama 

et al., 2009), we considered factors that potentially influence mobility in pregnancy or early 

childhood including age at diagnosis (0, 1, ≥2 years), year of birth (1998–2004 vs 2005–

2011), maternal age at delivery (≤19, 20–24, 25–29, 30–34, ≥35), maternal race/ethnicity 

(non-Hispanic White, Hispanic, Black, Asian/Pacific islander, others), maternal birthplace 

(California, other U.S. states, Mexico, other foreign countries), maternal education (<12 

years, 12 years, 13–15 years, ≥16 years), parity (1, 2, ≥3), rural/urban classification of 

residence at birth (metropolitan vs non-metropolitan), and several socioeconomic variables 

including payment source for prenatal care as a proxy for family income (private/HMO/ 
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Blue Cross Blue Shield vs MediCal/government/ self-pay) and neighborhood level 

socioeconomic status (SES).

2.3 Source of Address Data

Maternal residence at birth of each case and control was collected from birth certificates and 

each case’s residence at diagnosis (latitude and longitude only) was obtained from the 

California Cancer Registry (CCR). Additional addresses were acquired from LexisNexis, 

through a combination of sources including Gramm-Leach-Bliley-compliant proprietary 

data, bankruptcy filings, court filings, incorporation documents, judgments, jury verdicts and 

settlements, real estate property records, sanctions, Uniform Commercial Code-1 liens, 

motor vehicle and driver’s license records, professional licenses and voter registration, 

liquor licenses, IRS enrolled agents, and inactive business directory contacts. We securely 

provided LexisNexis with a data file containing personal identifiers including child’s first 

and last names, child’s date of birth, parental first and last names, parental date of birth, and 

mother’s residential address (i.e., street, city, zip code, state) listed on birth certificate for all 

subjects and requested batch search services; after matching, the requested data were 

provided to UCLA and permanently destroyed at LexisNexis. LexisNexis returned a dataset 

containing all known addresses and the first seen and last seen dates associated with each 

address. We geocoded birth certificate addresses and LexisNexis addresses using an 

automated approach (Goldberg et al., 2008).

Following previously developed methods (Hurley et al., 2017; Wheeler and Wang, 2015), we 

cleaned and processed all addresses: first, we removed all post office box (P.O. Box) 

addresses that are not residential locations and are believed to introduce substantial 

geographically-based exposure misclassification (Hurley et al., 2003). Second, we identified 

and removed duplicate addresses compiled from multiple sources using geographic distance 

between a set of geocoded addresses. Third, we created a residential history timeline for 

each individual. We limited the LexisNexis data to the time period from the date of birth to 

the date of diagnosis for each case and the relevant early life period (<age of 5 years) for 

each control. We then defined the earliest known date of each address as the “start” date, and 

used the “start” date of the next sequential address as the “end” date of the previous address. 

This was recommended by LexisNexis, who informed us that “start” dates are more accurate 

than “end” dates. The final address was assigned an artificial “end” date corresponding to 

date of diagnosis for cases or the end of the fifth year of life for each control. For analyses 

below that focused on first year of life only, we restricted the residential history to the first 

year.

2.4 Geographic Measures

We calculated distance (kilometers) between geocoded birth and diagnosis addresses. Birth 

and diagnosis residences cannot be directly compared in terms of street number and name 

because only geocoded address at diagnosis (i.e., latitude and longitude) was available from 

the CCR. Previous geographic studies suggested that generally 70–80% of the addresses 

during automated geocoding have a positional error of 100 m or less depending on 

geocoding platforms, although this could be up to a few kilometers in rural areas (Cayo and 

Talbot, 2003; Faure et al., 2017). To differentiate between potential positional error 
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occurring in geocoding and moving within neighborhoods, we defined any address change 

of >100m as a move, and considered alternative distance cutoff of 200m in sensitivity 

analyses.

Among cases who moved between birth and diagnosis of cancer, we examined the 

distribution of distance between the two residences, categorized into five levels (≤ 500 m, 

>500m – 2 km, >2 km – 4 km, >4 km – 10 km, >10 km) by child and maternal 

characteristics. These cutoffs were primarily selected for estimating the level of 

misclassification in buffer-based exposure assessment, adopted by our group (500 m or 2 

km) (Costello et al., 2009; Ling et al., 2018; Wang et al., 2011) and other studies using 

buffer sizes between 500 m and 8 km radius (Bell et al., 2001; Gemmill et al., 2013; Gunier 

et al., 2011; Shaw et al., 2018; Shelton et al., 2014; Wofford et al., 2013) to estimate 

exposures to agricultural pesticide applied in proximity to residences. For example, with a 

distance of 2 km between the two addresses, a 2 km-radius buffer yields an intersection of ~ 

40% of the size of the entire buffer; while 2 km-radius buffers would not overlap if the 

residences at their centers were 4 km apart. Similarly, the distribution of distance among 

cases who moved in the first year of life was examined using LexisNexis addresses. We also 

calculated the total number of different addresses and the distance between addresses, as 

listed on LexisNexis records, for cases and controls separately in their first year of life. 

Those who moved more than once were counted multiple times in calculating the distance 

moved, and in estimating the timing of moves. In addition, we conducted a sensitivity 

analysis excluding controls who left California after the child’s birth according to 

LexisNexis records, because our cases most likely were born and stayed in California by 

design.

2.5 Pesticide Exposures

We estimated agricultural pesticide exposures using a GIS-based Residential Ambient 

Pesticide Estimation System, as previously described (Cockburn et al., 2011; Rull and Ritz, 

2003). In brief, since 1974 agricultural pesticide applications for commercial use are 

recorded in Pesticide Use Reports (PUR) mandated by the CA Department of Pesticide 

Regulation (CDPR). Each PUR record includes the name of the pesticide’s active ingredient, 

the poundage applied, the crop type, and the location and the date of application. The 

California Department of Water Resources (CDWR) performs countywide, large-scale 

surveys of land use and crop cover every 7–10 years. Land use maps increase spatial 

resolution because they provide more detailed land use geography that allows us to refine the 

location of pesticide applications (Rull and Ritz, 2003). We then combined PUR records, 

land use maps, and geocoded birth and diagnosis addresses to produce estimates of pesticide 

exposure in each child’s first year of life. Annual exposure estimates (pounds per acre) were 

calculated by adding the poundage of pesticide applied in a 2 km buffer around each address 

and weighting the total poundage by the proportion of acreage treated within the buffer.

We selected eight known or probable carcinogens from the top 200 frequently applied 

pesticides in our study population, while also considering the summary rating provided by 

the Pesticide Action Network (PAN) pesticide database (http://www.pesticideinfo.org/) that 

incorporates the most carcinogenic ranking assigned by organizations including the 

Ling et al. Page 6

Environ Res. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.pesticideinfo.org/


International Agency for Research on Cancer (IARC), the U.S. Environmental Protection 

Agency (EPA) and the U.S. National Institutes of Health (NIH). For each of the carcinogens 

examined in this study, we summed the annual pounds applied per acre to obtain exposure 

values for each calendar year using the 2km-buffer around each address. In the children’s 

first year of life, we used weighted averages with weights representing the proportions (in 

days) of the relevant exposure period falling into each calendar year. Three estimates for 

exposures in the first year of life were calculated accordingly, using 1) address at birth, 2) 

address at diagnosis, and 3) LexisNexis addresses (in available years). We then 

dichotomized children’s exposures in their first year of life as ever/never exposed to a 

specific carcinogen.

2.6 Statistical Analysis

To evaluate maternal and child characteristics associated with the cases’ residential mobility 

(moved versus did not move) between birth and diagnosis, we conducted logistic regression 

analysis and estimated odds ratios (ORs) and 95% confidence intervals (CIs). We compared 

the residential mobility in the first year of life based on LexisNexis addresses among 

subgroups of cases and controls (“movers”, “non-movers”, “not captured”) using Chi-square 

tests. We also applied Chi-square tests to compare the distance moved among subgroups of 

cases. To compare the impact of mobility on misclassification of pesticide exposures 

assessed for buffers of different sizes (i.e., 500 m and 2 km), we examined the agreement 

between exposures assigned to birth residence and those assigned to LexisNexis addresses 

for cases (age at diagnosis 1–5 years) and all controls. Restricting to cases diagnosed at or 

after 1 year of age, we assessed the level of agreement between exposures within 2 km of 

residences during the first year of life assigned to birth address and those assigned to 

diagnosis address, by age at diagnosis, year of birth, and by distance moved (>100 m - 2km, 

>2 km – 4 km, >4 km). These comparisons used: 1) continuous cumulative exposure 

estimates (pounds per acre) using Spearman correlation coefficients, since the exposure 

estimates were not normally distributed and, 2) dichotomous exposure indicators using 

Cohen’s kappa statistics, a robust agreement measure that takes the possibility of agreement 

by chance into account.

3. Results

Table 1 shows the child and maternal characteristics by residential mobility from birth to 

diagnosis based on addresses listed on birth certificates and in the CCR. Of 6,478 childhood 

cancer cases born in 1998–2011, 3,548 (54.8%) had a residential location at diagnosis at 

least 100 m distance away from their address at birth. Cases diagnosed at an older age 

compared with those diagnosed within the first year of life were more likely to move 

between birth and diagnosis. Mothers of younger age, with lower education, not having a 

Hispanic ethnic background, those who used public health insurance or resided in non-

metropolitan areas at delivery, or those whose addresses are only partially captured by 

LexisNexis were more likely to move. Using a 200m distance moved as an alternative cutoff, 

we classified 3,297 (50.1%) cases as movers; the factors predicting residential mobility 

remained the same.
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The information from LexisNexis suggested more than 20% of case (age at diagnosis 1–5 

years) and control mothers moved in the child’s first year of life, with less than 4% moving 

multiple times (Figure 1). Noticeably, for 42% of case mothers and 45% of control mothers 

LexisNexis provided no or partial residential information only at best during the child’s first 

year of life and these children were more likely to be born in earlier years (2001–2005), born 

to mothers of younger age, with lower education, having a Hispanic background or 

originating from Mexico, using public health insurance, and residing in lower SES 

neighborhoods (Table 2). Using LexisNexis information, we identified similar predictors for 

residential mobility among cases and controls in their first year of life, and these predictors 

did not differ substantially when examining cases’ residential mobility from birth to 

diagnosis comparing birth and diagnosis addresses.

Among the cases who moved between birth and diagnosis, the median distance moved was 

5.05 km. Overall, 30.1% of all cases moved less than 2 km, while more than half moved 

more than 4 km (Table 3). Cases with an older age at diagnosis, born to younger or Black 

mothers, or born in metropolitan areas were more likely to move further between birth and 

diagnosis. Based on LexisNexis addresses, cases diagnosed at age 1 and those diagnosed at 

ages 2–5 became more similar in distance moved in the first year of life (Supplementary 

Table 1); the median distance moved in a child’s first year of life was 6.97 km for cases (age 

at diagnosis 1–5), and 9.81 km for all controls.

Exposures to specific carcinogens during the first years of life calculated for birth address 

were compared with those calculated for diagnosis address or LexisNexis addresses among 

cases diagnosed between ages of 1 to 5, and birth residence was compared with LexisNexis 

addresses among all controls. Overall, the correlations between continuous exposure 

estimates (pounds per acre) within a 2 km buffer of birth vs diagnosis address were moderate 

to strong (0.67–0.76), and those between birth residence and LexisNexis addresses were 

even stronger (0.76–0.83); additionally, these correlations did not differ by outcome status 

(Table 4); however, these correlations weakened when the buffer size decreased from 2 km 

to 500 m. When stratifying by age at diagnosis, the correlations between exposure estimates 

within a 2 km buffer of birth vs diagnosis address were stronger for those with a younger age 

at diagnosis, born in a later year (2005–2011), and who moved shorter distances (Table 5). 

The kappa statistics between dichotomous exposures (ever vs. never exposed) were similar, 

also suggesting overall good agreement (Table 4).

4. Discussion

This study found overall moderate to strong (correlation/kappa=0.7~0.8) agreement between 

first year of life exposures to agricultural pesticides 2 km surrounding the birth residence 

and diagnosis address or reconstructed LexisNexis residential history. However, exposure 

misclassification might vary by buffer size, age at diagnosis (cases only), and distance 

moved. We identified several demographic and socioeconomic factors that may predict 

residential mobility in early childhood.

As with previous studies that focused on residential mobility during pregnancy, higher 

residential mobility in early childhood was associated with a range of maternal socio-
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demographic characteristics such as lower maternal age, lower maternal education, and 

lower individual or neighborhood level SES (Amoon et al., 2018; Bell and Belanger, 2012; 

Canfield et al., 2006; Margerison-Zilko et al., 2016; Urayama et al., 2009). We found cancer 

cases born to Hispanic mothers to be less likely to move; however, findings for maternal 

race/ethnicity vary across studies at different geographic locations, years, and population 

compositions (Bell and Belanger, 2012). The likelihood of moving between birth and 

diagnosis of cancer increases with case’s age at diagnosis, suggesting that birth residence 

becomes a less representative proxy for true exposures as children grow up. Movers captured 

by LexisNexis more often only had a partial residential histories compared with non-movers. 

Using address information obtained from LexisNexis, we found similar predictors for 

mobility in cases and controls; however, we observed that maternal and child characteristics 

of those with complete address information in the first year of life from LexisNexis were 

quite different from those with missing or partially missing address information, i.e., the 

highest proportion of women not captured by LexisNexis were Hispanic women born in 

Mexico and those living in the lowest SES neighborhoods, i.e. possibly those with the higher 

environmental exposures, as well as young women and those with less than high school 

education.

The use of LexisNexis has a remarkable advantage in identifying the timing of moves, 

providing important information for future research that assesses time-sensitive exposures or 

involves outcomes with a susceptible period after a child’s birth. In our study mothers of 

case and control children were more likely to move in the child’s first year of life, compared 

with the following years in early childhood. Control mothers seemed to have slightly higher 

mobility than the case mothers throughout the entire study period, likely because the case 

families (by definition) were diagnosed within California and therefore their residences were 

California-based at least at birth and at diagnosis, while control families could have left 

California but were still captured in the LexisNexis database with the nationwide search 

ability. After excluding those families who left California after the index child’s birth, 

mobility of cases and controls was more similar.

A small literature previously examined patterns of residential mobility in early childhood to 

identify the potential for environmental exposure misclassification (Brokamp et al., 2016; 

Margerison-Zilko et al., 2016; Nikkilä et al., 2018) but none focused on pesticide exposures. 

In general, we had good agreement between exposures to agricultural pesticides within a 2 

km buffer of birth residence and LexisNexis addresses for cases and controls in their first 

year of life. The level of misclassification introduced by residential mobility may be 

acceptable if our study period of interest is the child’s first year of life, since only around 

20% of cases (diagnosed at age 1–5 years) and control mothers changed their residence 

during this period and this did not differ by disease status. Similarly, for all cases who 

moved between birth and diagnosis, we have moderate to good agreement between 

exposures to agricultural pesticides within a 2 km buffer of birth residence and diagnosis 

residence. The degree of exposure misclassification is a function of the distance moved and 

the buffer size used in relation to the spatial heterogeneity of the exposure. For example, for 

those who moved within a short distance (≤ 2 km), misclassification is minimal; yet a longer 

distance (> 4 km) could be problematic, in particular when the buffer radius is smaller than 

the distance between locations. Thus, estimated exposures to agricultural pesticides within 
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500 m of a residence are more sensitive to the variation of exposures due to mobility 

compared with those using 2 km or even larger buffer radii, as shown in our study. Similarly, 

other environmental epidemiologic studies of child health outcomes that used a smaller 

buffer radius or a shorter distance (typically within several hundred meters) to exposure 

sources such as traffic-related air pollution, electronic magnetic fields, or powerlines might 

also be vulnerable to inaccurate location assignments.

In assessing patterns of and examining factors that may predict residential mobility in early 

childhood, our strength is that we identified a large number of childhood cancer cases born 

and diagnosed in California through California birth certificates and the California cancer 

registry. Unlike smaller questionnaire-based studies, our results were unlikely to be 

influenced by selection bias introduced by participation or recall bias; though the analysis 

based on LexisNexis addresses could be subject to potential selection bias, the conclusions 

drawn from it were comparable to those derived by examining birth vs diagnosis residence 

in cases only. To our knowledge, only a couple of studies examined the post-partum 

residential mobility either in a statewide sample of California women (Margerison-Zilko et 

al., 2016) or in enrolled childhood leukemia cases of a Northern California Study (Urayama 

et al., 2009) but both focused on factors associated with residential mobility and changes in 

neighborhood SES. Our study, on the other hand, for the first time calculated distance moved 

in early life of children and examined the potential for exposure misclassification by age at 

diagnosis and distance moved. Though pregnancy period is the most critical period for most 

environmental exposures, first year of life exposures might also contribute substantially to 

young children’s health outcomes (Ma et al., 2002). Therefore, it is crucial to assess 

exposures not only during pregnancy but also in the early life of children.

This study also has a few limitations. We were unable to obtain a secondary address from 

any registry for our population-based controls that would be comparable to cases’ diagnosis 

residence, limiting our ability to examine the patterns of residential mobility parallel in cases 

and controls; however, the reconstructed LexisNexis residential histories allowed us to 

compare moving patterns in cases vs controls. Additionally, only the latitude and longitude 

of the diagnosis residence on the cancer reports were available, thus we cannot directly 

compare the street number and names of birth and diagnosis residences to ascertain 

residential mobility. We had to rely on the geocoded diagnosis address which does not 

guarantee the same level of geocoding accuracy as for the birth addresses we geocoded 

using an automated approach. However, the use of 100 m (or 200 m) cutoff likely accounts 

for the possible positional errors during geocoding. Besides, there might be intended or 

unintended misreporting of birth residence and diagnosis residence among individuals 

seeking health care services, particularly for undocumented or uninsured families (Pamela 

Kempert, personal communication). Address information from LexisNexis has several 

intrinsic issues including multiple unique addresses for the same time period, inaccurate or 

missing first seen and last seen dates associated with certain addresses (Hurley et al., 2017), 

disagreement between LexisNexis addresses and registry-obtained addresses at the time of 

self-reporting (Supplementary Table 2), inconsistent data quality in different sub-groups of 

the general population, and time-varying sources of addresses over years, therefore limiting 

the power to rely solely on this method for large-scale records-based epidemiological 

studies. Future research attempting to reconstruct residential histories for study subjects 
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using LexisNexis should also be aware of the potential for selection bias, introduced by 

varying availability of public records within sub-groups of the population.

In conclusion, residential mobility among childhood cancer cases diagnosed in California 

and their matched controls was associated with a number of child and maternal factors. 

Unlike adult cancers or other childhood outcomes such as asthma, which have a range of 

known demographic and lifestyle risk factors, the etiology of most childhood cancers 

remains underexplored, with few risk factors established for which we would need to control 

(even for leukemia which has been the most studied childhood cancer to date). The overall 

agreement between exposures to agricultural pesticides in early life of children assessed 

using a 2 km buffer around residences at birth and alternative addresses was moderate to 

good and decreased with the buffer size. These findings suggest that residential addresses 

collected at one point in time should be used with caution when estimating environmental 

exposures in early childhood, especially after the first year of life. Future research should 

consider factors that might help correct for the misclassification introduced by residential 

mobility. LexisNexis data, or other similar methods for reconstructing residential histories, 

may be useful for augmenting existing address information and constructing residential 

histories in estimating environmental exposures for large records-based epidemiological 

studies. Advancing technologies and additional data sources for improved tracking of 

people’s residences in the big data era may help us to obtain a more accurate residential 

history for populations when studying environmental causes of diseases such as childhood 

cancers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Number of LexisNexis addresses for mothers of case (age at diagnosis 1–5 years) and 

control children
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Table 1.

Case characteristics associated with residential mobility
a
 between birth and diagnosis dates (born 1998–2011) 

based on addresses listed on birth certificates and in the CCR.

Movers
a

Non-movers
a Crude OR Adjusted OR

b

N=
3,548 % N=

2,930 % (95% CI) (95% CI)

Year of birth

 1998–2004 2,201 56.8 1,676 43.2 1.00 1.00

 2005–2011 1,347 51.8 1,254 48.2 0.83 (0.75, 0.92) 0.94 (0.85, 1.05)

Age at diagnosis

 0 550 37.2 929 62.8 1.00 1.00

 1 664 49.6 676 50.4 1.65 (1.42, 1.93) 1.70 (1.45, 1.99)

 2–5 2,334 63.8 1,325 36.2 3.00 (2.64, 3.41) 3.12 (2.73, 3.56)

Maternal Age

 19 or less 416 69.3 184 30.7 3.28 (2.66, 4.06) 2.57 (1.98, 3.33)

 20–24 861 64.2 480 35.8 2.54 (2.16, 2.98) 2.19 (1.81, 2.65)

 25–29 959 57.4 713 42.6 1.92 (1.65, 2.24) 1.87 (1.59, 2.21)

 30–34 798 49.1 826 50.9 1.36 (1.17, 1.59) 1.39 (1.18, 1.62)

 35 and older 514 41.4 727 58.6 1.00 1.00

Maternal Education

 <12 years 1,034 59.8 694 40.2 1.83 (1.59, 2.10) 1.35 (1.10, 1.66)

 12 years 1,049 58.2 752 41.8 1.71 (1.49, 1.96) 1.24 (1.04, 1.48)

 13–15 years 676 54.6 563 45.4 1.47 (1.27, 1.71) 1.24 (1.05, 1.47)

 16+ years 697 45.0 851 55.0 1.00 1.00

 Missing 92 56.8 70 43.2 - -

Maternal Race/Ethnicity

 White, non-Hispanic 1,166 55.1 949 44.9 1.00 1.00

 Hispanic, any race 1,795 55.6 1,433 44.4 1.02 (0.91, 1.14) 0.70 (0.60, 0.82)

 Black 181 61.8 112 38.2 1.30 (1.01, 1.68) 1.00 (0.76, 1.31)

 Asian/PI 289 47.1 324 52.9 0.74 (0.62, 0.89) 0.82 (0.65, 1.03)

 Other/Refused 117 51.1 112 48.9 0.84 (0.60, 1.17) 0.77 (0.54, 1.11)

Parity

 1 1,469 58.3 1,049 41.7 1.00 1.00

 2 1,045 52.5 945 47.5 0.78 (0.69, 0.88) 0.88 (0.77, 1.01)

 3 or more 1,034 52.5 936 47.5 0.78 (0.69, 0.88) 0.93 (0.80, 1.08)

Payment type of prenatal care

 Private/HMO/BCBS 1,740 48.9 1,817 51.1 1.00 1.00

 MediCal/Govt/self-pay 1,784 61.9 1,097 38.1 1.67 (1.51, 1.85) 1.53 (1.34, 1.75)

 Missing 24 60.0 16 40.0 - -

Maternal birthplace

 California 1,634 56.7 1,246 43.3 1.00 1.00

 Mexico 931 56.0 731 44.0 0.95 (0.84, 1.08) 1.00 (0.85, 1.18)
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Movers
a

Non-movers
a Crude OR Adjusted OR

b

N=
3,548 % N=

2,930 % (95% CI) (95% CI)

 Other US States 412 52.5 373 47.5 0.84 (0.71, 0.98) 1.02 (0.85, 1.21)

 Other foreign countries 567 49.6 577 50.4 0.75 (0.65, 0.86) 0.96 (0.80, 1.15)

 Missing 4 57.1 3 42.9 - -

Urban/rural status at birth

 Metropolitan 3,256 53.7 2,803 46.3 1.00 1.00

 Non-metropolitan 292 69.7 127 30.3 1.98 (1.59, 2.46) 1.74 (1.38, 2.19)

Quintiles of neighborhood SES at birth

 1 (Lowest) 929 56.5 715 43.5 1.45 (1.23, 1.71) 0.88 (0.72, 1.08)

 2 884 57.7 647 42.3 1.54 (1.30, 1.82) 0.96 (0.79, 1.17)

 3 719 56.0 565 44.0 1.45 (1.22, 1.72) 0.98 (0.81, 1.19)

 4 590 53.2 519 46.8 1.28 (1.07, 1.53) 1.03 (0.85, 1.24)

 5 (Highest) 426 46.8 484 53.2 1.00 1.00

For cases born 2001–2011 (excluding 2007)

 LexisNexis data
c

 Fully captured 1,269 48.2 1,362 51.8 - -

 Partially captured 948 67.7 453 32.2 - -

 Missing 184 47.9 200 52.1 - -

a
Residential mobility was defined by comparing address at birth vs at diagnosis; Movers (55%): distance between addresses at birth and diagnosis 

> 100m; Non-movers (45%): distance ≤ 100m

b
Adjusted for all variables in the table

c
Based on all address information from birth to diagnosis provided by LexisNexis
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