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Background: Studies have reported an increased risk of childhood leukaemia associated with living near high-voltage electric
power transmission lines that extend to distances at which magnetic fields from lines are negligible. We conducted a large
records-based case-control study of childhood leukaemia risk in the population living near power lines in California.

Methods: The study included 5788 childhood leukaemia and 3308 central nervous system (CNS) cancer cases (for comparison)
born in and diagnosed in California (1986-2008), and matched to population-based controls by age and sex. We geocoded birth
address and estimated the distance from residence to transmission lines using geographic information systems, aerial imagery,
and, for some residences, site visits.

Results: For leukaemia, there was a slight excess of cases within 50m of a transmission line over 200kV (odds ratio 1.4, 95%
confidence interval 0.7-2.7). There was no evidence of increased risk for distances beyond 50 m, for lower-voltage lines, or for CNS
cancers.

Conclusions: Our findings did not clearly support an increased childhood leukaemia risk associated with close proximity (<50 m)
to higher voltage lines, but could be consistent with a small increased risk. Reports of increased risk for distances beyond 50m
were not replicated.

The possibility that the electric power transmission and distribu-
tion system could pose a risk for childhood cancer has been a
concern for several decades, beginning with the study of
Wertheimer and Leeper (1979), which found an association with
electrical wiring configurations. Since then, over 30 epidemiologic
studies have investigated the association of childhood leukaemia
with residential exposure to magnetic fields (Kheifets and
Shimkhada, 2005). Pooled analyses combining the accumulating
studies have reported an increased risk of childhood leukaemia
associated with exposure to relatively high levels of magnetic fields

based on in-home measurements and calculated fields generated by
high-voltage power transmission lines near the residence (Ahlbom
et al, 2000; Greenland et al, 2000; Kheifets et al, 2010).

Although magnetic field strength depends on distance from
power lines, distance from lines has emerged as an exposure of
interest in its own right. One of the key studies to investigate
distance from power lines and childhood cancer risk was the study
of Draper et al (2005). These authors reported a case-control study
of childhood cancer in relation to the distance from birth address
to the nearest high-voltage overhead transmission line (mostly of
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275 or 400kv) among children born in England and Wales in
1962-1995. They found an elevated odds ratio (OR) of 1.7 for
childhood leukaemia among subjects very close to lines (<50m)
compared with those residing beyond 600 m, which could be
attributable to the magnetic fields exposure. However, they also
found elevated risk extending out to 600 m. Because magnetic fields
generated by overhead lines drop rapidly with distance and are
negligible beyond 200 m (Kaune and Zaffanella, 1992), the finding
of increased risk at farther distances was difficult to explain.

A pooled analysis of six studies on the relation between
childhood leukaemia risk and distance of the residence from power
lines of various voltages was conducted by Kheifets et al (2010).
They reported ORs of 1.6, 1.3, and 1.2 for distance to nearest line of
0-50, 50-100, and 100-200m, respectively, compared with
>200m, which leaves open the possibility of a small increased
risk at distances beyond the influence of magnetic fields.

The Geocap study in France (Sermage-Faure et al, 2013), using
methods similar to Draper et al (2005), observed increased ORs for
childhood acute leukaemia for home address at diagnosis within
50 m of a high-voltage power line (225-400kV), and no association
with living beyond 50 m from 225-400kV lines or within 50 m of
63-150KkV lines. Pedersen et al (2014), reporting a small study in
Denmark, found no pattern of increased risk with proximity to
lines. The statistical power of these studies was limited due to small
numbers of subjects close to lines.

Bunch et al (2014) updated the study by Draper et al (2005),
adding more recent cases and controls, extending the distance
evaluation to 1000m from lines, adding lower voltages, and
examining temporal trends by decade. They found that the excess
risk for leukaemia at distances out to 600 m declined from the
1960s through 2008, becoming null in more recent decades.
However, the association in earlier decades remained unexplained.

We report here on the California Power Line Study (CAPS), the
first large-scale study to focus on childhood leukaemia risk in the
population living near transmission lines in the United States.
CAPS is a population-based case-control study focusing on
childhood leukaemia and including childhood central nervous
system (CNS) cancer for comparison. We present analysis of
childhood leukaemia and CNS cancer risk in relation to the
distance from birth address to nearby power transmission lines.
Results for calculated magnetic fields will be presented in a future
report.

MATERIALS AND METHODS

Cases and controls. As previously described (Kheifets et al, 2015),
the California Cancer Registry (CCR; www.ccrcal.org), a statewide
population-based cancer registry, was used to obtain information
on all childhood leukaemia and CNS cancer cases diagnosed
between 1988 and 2008 among children younger than 16 years of
age who were residing in California at the time of diagnosis.
Beginning in January 1988, California law has required all new
cancer cases diagnosed in state residents to be reported to the CCR.
CCR data meet all standards of the Surveillance, Epidemiology and
End Results Program and National Program of Cancer Registries
for quality, timeliness, and completeness. Data collected by the
registry include patient’s name, address at time of diagnosis, sex,
age at diagnosis, and type of cancer.

A total of 6645 childhood leukaemia and 3858 childhood CNS
cancer cases meeting the inclusion criteria were identified from the
CCR. We attempted to link each case to a record in the California
Birth Registry (CBR; California Department of Public Health, Vital
Statistics Branch). A control for each case was randomly selected
from the CBR and matched to the corresponding case on date of
birth (£ 6 months) and sex. Controls were eligible only if they had

not been diagnosed with any type of cancer in California prior to
the time of diagnosis of the corresponding case.

Calculation of distance from lines. The calculation of distance
from lines was blind to the case-control status. Details of the
calculation have been described elsewhere (Kheifets et al, 2015).
Briefly, mother’s residential address at time of birth was obtained
from the CBR for both cases and controls and geocoded using an
open-source geocoder (Goldberg, 2008). We recorded geocoded
latitude and longitude and the geocode-matching geography type,
which depended on the completeness of the address. The geocode-
matching geography types, ordered from smallest to largest median
area and, thus, roughly from highest to lowest accuracy in terms of
exposure classification, were centroids of tax-assessor parcel, street
segment, street, U.S. Postal Service ZIP Code Tabulation Area,
town/city, county, and state.

As previously described (Kheifets et al, 2015), a three-tiered
approach was used to ascertain straight line distance from home
address to nearby overhead transmission lines, with each tier
achieving improved distance classification for residences that
appeared to be close to lines.

Utility GIS-based distance. We used the geographic information
system (GIS) databases of the four largest electric power companies
in California to determine the distance from residence to
transmission lines over 100kV within 2000 m. Information on
lines with lower voltages (over 60kV) was also available for two
companies.

Google Earth-based distance. For residences that appeared to
have transmission lines within 200 m according to utility GIS
databases or were located in areas not covered by the databases (7%
of subjects), we measured distances using Google Earth aerial

imagery.

Site visit-based distance. For residences of leukaemia cases and
controls that appeared to have overhead transmission lines within
specified distance criteria based on Google Earth imagery (<80 m
for 100-200kV lines, <150 m for 200-345kV lines, and <200 m
for 500kV lines), we conducted site visits during which the precise
distance of the residence relative to lines was measured. Because of
resource constraints, the exposure assessment protocol did not
include site visits for CNS cancer cases or controls.
Underground lines were not included in the study.

Variable definitions. Best available distance from birth residence
to transmission lines was defined as site visit-based distance,
Google Earth-based distance or utility GIS-based distance, in the
listed order of precedence as available for each subject. When a
residence could not be precisely located within a complex (for
example, exact apartment within a building could not be
identified), distance from the centre of the complex was used.

Race/ethnicity of parents was obtained from the CBR. We
defined child race/ethnicity as White if both parents were White,
Black if either parent was Black, Asian if either parent was Asian,
Hispanic if either parent was Hispanic and neither parent was
Black or Asian, and Other otherwise.

Because variables indicative of socioeconomic status (SES)
collected on birth records varied from year to year, we developed a
binary SES indicator (high or low) that was based on the father’s
years of education (high if >12 years, low otherwise), mother’s
years of education (high if >12 years, low otherwise), payment
method for hospital delivery (low if government programs or no
coverage, high otherwise), or a measure of community-based SES
derived from U.S. Census data using principal components analysis
based on seven indicator variables at the census block level (Yost
et al, 2001) (high if > 60th percentile of the principal components
score, low otherwise), in the listed order of precedence as available
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for each subject. More information on race/ethnicity and SES
indicators in CAPS is available in previous publications (Oksuzyan
et al, 2012, 2013, 2015a,b).

Statistical analysis. The statistical analysis followed an a priori
developed plan. The main analysis considered the shortest distance
from the residence to any overhead transmission line 200kV or
higher using best available distance, and was restricted to subjects
with geocode-matching geography type of parcel or street segment,
which entailed the highest geocoding accuracy. Distances were
categorised as in Draper et al (2005), with categories of 0-50, 50—
100, 100-200, 200-300, 300-400, 500-600m, and referent
>600m. Although cases and controls were matched on sex and
age, restriction to parcel or street segment created unmatched
subjects; therefore we used unconditional logistic regression
controlling for the matching variables to estimate ORs. We further
controlled for race/ethnicity (White, Black, Asian, Hispanic, Other)
and SES, which were considered important potential confounders.
These analyses were conducted for childhood leukaemia (all types)
and for CNS cancers (all types). We conducted additional analyses
using extended cutpoints that added distance categories of 600—
1000, 1000-1500, and 1500-2000m with referent >2000m.
Further analyses considered the distance to closest line >100kV,
distance to closest line of >60kV, and stratification on voltage
class of closest line (> 200, 100-200, and <100KkV).

We conducted subgroup analyses for childhood leukaemia that
were: restricted to acute lymphocytic leukaemia cases and controls;
stratified by age at diagnosis (<5 years, >5 years); and stratified
by decade of birth (1986-1995, 1996-2006). Sensitivity analyses
included: excluding subjects with Down’s syndrome, which is
associated with higher risk of childhood leukaemia (Mezei et al,
2014); using all subjects regardless of the geocode accuracy;
analyses not adjusted for race/ethnicity and SES; conditional
logistic regression analyses utilising the case-control matching; and
categorising exposure into deciles of distance up to 600 m, with the
cutoff points defined by the distribution of distance among the

cases. Dose-response trends were tested by the statistical
significance of the coefficient for linear trend on the median
values of the decile groups among exposed subjects. We also
conducted trend analyses based on ranked distance, reciprocal of
distance and reciprocal of squared distance, as conducted by
Draper et al (2005).

To assess the degree of exposure reclassification associated with
the tiered exposure assessment and its impact on risk estimates, we
conducted a set of analyses restricted to site-visited residences that
compare counts and ORs when using GIS-based distance, Google
Earth-based distance, and site visit-based distance.

Analyses were conducted using Stata, version 13 (StataCorp LP,
College Station, TX, USA). P-values are two-sided.

RESULTS

Linkage was successful for 87% of leukaemia cases (1 =5788) and
86% of CNS cancer cases (1 =3308). The rate of successful linkage
varied by year of diagnosis (75% in 1986, 94% in 2007) and by age
at diagnosis (91% for ages up to 2 years, 77% for age 15 years), but
not by gender or by race/ethnicity.

Characteristics of study subjects are presented in Table 1.
Additional description of the subjects can be found in previous
papers (Oksuzyan et al, 2012, 2013). There were 5788 childhood
leukaemia and 3308 childhood CNS cancer cases and equal
numbers of controls in the study. There were more males than
females for both cancers. Race/ethnicity and SES classification were
available for most subjects. About 84% of subjects were geocoded
at the street segment or parcel level; thus about 16% of subjects
were excluded from the main analyses due to low-geocoding
resolution.

Table 2 presents results of the main analysis, which included
subjects with geocode matches of street segment or parcel, used
best available distance to nearest transmission line of 200kV or

Table 1. Characteristics of study subjects, California Power Line Study, 1986-2008

| Leukaemia y Central nervous system cancers ‘

Characteristic Cases (n=5788) Controls (n=5788) Cases (n=3308) Controls (n=3308)
Sex
Male 3231 56% 3231 56% 1768 53% 1768 53%
Female 2557 44% 2557 44% 1540 47% 1540 47%
Age at diagnosis

<1 year 415 7% 415 7% 347 10% 347 10%
1-4 years 3277 57% 3277 57% 1331 40% 1331 40%
5-9 years 1422 25% 1422 25% 1044 32% 1044 32%
10-15 years 674 12% 674 12% 586 18% 586 18%
Race/ethnicity®
White 1697 30% 1799 32% 1317 41% 976 30%
Hispanic 2972 52% 2662 47% 1309 41% 1550 48%
Black 290 5% 490 9% 257 8% 298 9%
Asian 614 1% 569 10% 295 9% 345 1%
Other 105 2% 109 2% 48 2% 53 2%
Socioeconomic status indicator®<
High 1738 31% 1736 31% 919 33% 755 27%
Low 3900 69% 3902 69% 1904 67% 2064 73%
Geocode geography matching feature
Street segment or parcel 4879 84% 4835 84% 2804 85% 2746 83%
Other feature 909 16% 953 16% 504 15% 562 17%
aRace/ethnicity was missing for 110 leukaemia cases, 159 leukaemia controls, 82 CNS cancer cases and 86 CNS cancer controls.

The socioeconomic status indicator was missing for 150 leukaemia cases, 150 leukaemia controls, 485 CNS cancer cases and 489 CNS cancer controls.
“Socioeconomic status indicator was constructed using father's education, mother’s education, hospital delivery payment method, or community-based SES based on the U.S. Census data, in
order of availability for each subject.
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higher, used the same cutpoints and reference group (> 600 m) as
Draper et al (2005), and controlled for age, sex, race/ethnicity, and
SES. For leukaemia, there was a slight excess of cases at distance of
0-50 m, yielding an adjusted OR of 1.4 (95% confidence interval:
0.7, 2.7). ORs for other distances did not show any clear pattern.
When using extended distance cutpoints and reference group of
>2000 m (Figure 1 and Supplementary Table 1), the adjusted OR
for distance of 0-50 m remained 1.4 (95% confidence interval: 0.7,
2.7), and again, ORs for increasing distance categories showed no
pattern. The OR for distance of 600-1000m was statistically
significantly different from unity (P=0.01). For CNS cancers,

Table 2. Odds ratios for childhood cancer by distance of
residential birth address from closest overhead power

transmission line of 200kV or higher, California Power Line
Study, 1986-2008

Distance, m Cases Controls OR 95% CI
Leukaemia

>600 4319 4245 Ref.

500-600 64 53 1.2 0.8-1.7
400-500 52 57 0.9 0.6-1.3
300-400 68 58 1.1 0.8-1.6
200-300 56 64 0.9 0.6-1.2
100-200 51 66 0.8 0.5-1.1
50-100 27 27 1.0 0.6-1.7
0-50 22 15 1.4 0.7-2.7
Central nervous system cancers

>600 2138 2114 Ref.

500-600 27 25 1.1 0.6-1.9
400-500 40 31 1.3 0.8-2.1
300-400 21 32 0.6 0.4-1.1
200-300 48 26 1.8 1.1-3.0
100-200 37 24 1.5 0.9-2.6
50-100 21 19 1.1 0.6-2.0
0-50 8 7 1.2 0.4-3.4
Abbreviations: Cl = confidence interval; OR = odds ratio. Analysis restricted to cases and
controls with geocode matches of street segment or parcel. ORs are from logistic
regression models controlling for age, sex, race/ethnicity, and socioeconomic status
indicator.

there were 7 controls and 8 cases at distance of 0-50 m, yielding an
OR of 1.2 (95% confidence interval: 0.4, 3.4) for both referent
distances (Table 2; Supplementary Table 1). The OR point
estimates exceeded 1 out to a distance of 200-300 m, which had
an OR significantly different from unity with both referents (both
P=0.01).

When we examined distance to lower-voltage lines, of 100 kV or
higher, the ORs for 0-50m for both leukaemia and CNS cancer
were attenuated to 1.0, and there was no discernible pattern of
association between risk and distance for either cancer type
(Table 3). Similar results were obtained when using distance to
nearest line of 60kV or higher (Table 3). ORs for leukaemia
stratified by voltage of closest line showed a somewhat elevated OR
of 1.4 (95% confidence interval: 0.7, 2.6) for subjects whose closest
line was >200kV and who were living within 50 m of that line,
consistent with the main analysis, and no clear association of risk
with distance for the lower-voltage strata (Supplementary
Figure 1).

Table 4 provides subgroup analyses for childhood leukaemia.
When restricting to acute lymphoblastic leukaemia, the OR for 0-
50m was 1.3 (95% confidence interval: 0.6, 2.7). In analyses
stratified by age at diagnosis, the OR for 0-50 m was higher for the
younger age group (OR of 1.7 for age <5 years vs OR of 0.8 for age
5 years and older); the OR for the older age stratum was based on
small numbers, however. Analyses stratified by decade of birth
yielded a higher OR for the later decade (OR=1.9), but with a
wide confidence interval (95% confidence interval: 0.6, 5.4).

Table 5 reports a set of analyses restricted to site-visited
residences that compares counts and ORs when using distances
based on the three tiers of exposure assessment, which were
expected to provide increasingly accurate distance classification.
When moving from utility GIS-based to Google Earth-based to site
visit-based distance, the number of subjects in the 0-50 m distance
category increased, suggesting improvements in sensitivity. The
ORs for those living closest to a high-voltage line also increased
with improved exposure classification, but remained imprecise.

Additional sensitivity analyses are reported in Supplementary
Table 2. Analysis similar to the main analysis but not adjusting for

Odds ratios by distance from closest line >200 kV
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Figure 1. Odds ratios and 95% confidence intervals for childhood leukaemia and central nervous system cancers by category of distance from the
closest transmission line (200 kV or higher). The referent is 2000 m or more from the lines. The analyses were restricted to cases and controls with
geocode matches of street segment or parcel. Odds ratios are from logistic regression models controlling for age, sex, race/ethnicity and
socioeconomic status indicator. Distance is based on best available distance. Numeric values are provided in Supplemental Table 1.
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Table 3. Odds ratios for childhood cancer by distance of residential birth address from closest overhead power transmission line

of lower voltages, California Power Line Study, 1986-2008

I Distance to closest line >100kV I Distance to closest line >60kV |
Distance, m | Cases ‘ Controls ‘ OR 95% CI Cases Controls OR 95% ClI
Leukaemia

>600 4036 3913 Ref. 3776 3609 Ref.

500-600 99 98 1.0 0.7-1.3 113 130 0.8 0.6-1.1
400-500 92 105 0.9 0.6-1.1 122 156 0.8 0.6-1.0
300-400 127 119 1.0 0.8-1.3 166 169 0.9 0.8-1.2
200-300 102 117 0.9 0.7-1.1 152 167 0.9 0.7-11
100-200 101 138 0.7 0.5-0.9 156 189 0.8 0.6-1.0
50-100 54 50 1.1 0.7-1.6 80 79 1.0 0.7-1.3
0-50 48 45 1.0 0.7-1.5 94 86 1.0 0.8-1.4
Central nervous system cancer

>600 1969 1958 Ref. 1820 1808 Ref.

500-600 55 40 1.4 0.9-2.1 63 66 1.0 0.7-1.4
400-500 73 47 1.6 1.1-2.3 95 68 1.4 1.0-2.0
300-400 54 62 0.9 0.6-1.3 79 86 0.9 0.7-1.3
200-300 70 64 1.1 0.8-1.5 100 92 1.1 0.8-1.5
100-200 62 55 1.1 0.8-1.7 95 73 1.3 1.0-1.8
50-100 36 29 1.3 0.8-2.1 48 39 1.2 0.8-1.9
0-50 21 23 1.0 0.5-1.8 40 46 0.9 0.6-1.4
Abbreviations: Cl = confidence interval; OR = odds ratio. Analysis restricted to cases and controls with geocode matches of street segment or parcel. ORs are from logistic regression models
controlling for age, sex, race/ethnicity, and socioeconomic status indicator.

race/ethnicity and SES yielded a marginally higher OR of 1.5 for
0-50m (95% confidence interval: 0.8, 2.9). Using conditional
logistic regression analysis with the original case-control matching
yielded an OR of 1.3 (95% confidence interval: 0.6, 2.7).
When including all subjects regardless of geocode accuracy, the
OR for 0-50 m was attenuated to 1.1 (95% confidence interval: 0.6,
2.1). Excluding subjects with Down’s syndrome (36 cases and 4
controls) did not appreciably change results. Post hoc analysis
using deciles of distance among exposed cases <600 m from lines
rather than the pre-specified cutpoints of the main analysis yielded
results similar to the main analysis and no evidence of trend
(P=0.40). Trend analyses mirroring those in Draper et al (2005)
also provided no evidence of trend (all P-values > 0.36).

DISCUSSION

We conducted a large, population-based, record-based, case-
control study of childhood leukaemia and CNS cancer in
California. We found a slightly elevated OR of 1.4 associated with
birth residence within 50 m of transmission lines with voltage
>200kV, which is lower than what was previously reported but
still consistent with some prior studies and pooled analysis of
distance and magnetic fields. The confidence interval included the
null value and there was no evidence of increased risk for farther
distances or trend with distance. We did not replicate the finding
of Draper et al (2005) of an increased risk of childhood leukaemia
extending out to 600 m. Several sporadic statistically significant
results were observed at isolated distances (600-1000m for
leukaemia, 200-300 m for CNS cancers). Overall, the pattern of
results could not be distinguished from random variation around
the null.

In this study, we extended the evaluated distances to power lines
out to 2000m to evaluate whether the risk extends to farther
distances and to explore the impact of a different referent category.
Results were virtually identical whether subjects who lived beyond
600 m or beyond 2000 m from lines were used as the referent. We
also included consideration of lower voltages. There was no
association between risk and distance for either leukaemia or CNS
cancer for lower-voltage lines.

Our study has a larger number of cases and controls in the
highest-exposure category (within 50m of >200kV lines)
compared with other studies of similar design, giving it more
statistical power; there were 22 such cases in our study, 9 in the
French study (Sermage-Faure et al, 2013), 6 in the updated the
United Kingdom study (Bunch et al, 2014), 6 in the Swedish study
Kheifets et al (2015), and no cases within 50 m in the Danish study
(Pedersen et al, 2014). We used population-based registries with
complete registration of births and cancers, which eliminated
participation bias and differential information (recall) bias.
Misclassification of outcome status in our study is unlikely due
to the completeness and high accuracy of the California Cancer
Registry. Controls diagnosed with any type of cancer in California
prior to the time of diagnosis of the corresponding case were
excluded. Importantly, all aspects of exposure assessment were
blind to case/control status.

Other sources of bias such as residual confounding could be
present. One potential source of bias is differences in residential
mobility between cases and controls. Cases had to be born in and
diagnosed in California, whereas controls had to be born in
California, but were not required to reside in the state at time of
diagnosis of the corresponding case. A study limitation, similar to
many studies, is that we have no residential information for
controls at the time of diagnosis for index cases. Controls who
moved out of California and developed cancer would be
misclassified, but mobility combined with a later cancer diagnosis
is likely rare. Nevertheless, mobility has been suggested as a
potential confounder for the association between childhood
leukaemia and magnetic fields exposure from transmission lines
(Sahl, 1994). We observed a slightly elevated risk for both
leukaemia and CNS cancer for birth addresses within 50 m of
transmission lines; the fact that this occurred for both cancer types
when we did not expect any association for CNS cancers may
suggest a small bias. However, it is difficult to imagine how
differential mobility can induce a higher risk for those living within
50 m of transmission lines. We plan to conduct a case-only analysis
to investigate whether residential mobility could distort risk
estimates for the distance to transmission lines or magnetic fields
from lines.

About 13% of cases could not be linked to a California birth
record. Because the California Cancer Registry does not collect
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Table 4. Subgroup analyses: odds ratios for childhood
leukaemia by distance of residential birth address from

closest overhead power transmission line (200 kV or higher),
California Power Line Study, 1986-2008

Distance, m Cases Controls OR 95% ClI
Acute lymphoblastic leukaemia

>600 3512 3475 Ref.

500-600 50 38 1.3 0.8-2.0
400-500 48 50 0.9 0.6-1.4
300-400 59 46 1.2 0.8-1.8
200-300 49 52 0.9 0.6-1.4
100-200 37 50 0.7 0.5-1.1
50-100 23 21 1.1 0.6-1.9
0-50 16 12 1.3 0.6-2.7
Age of diagnosis less than 5 years

>600 2777 2737 Ref.

500-600 39 30 1.3 0.8-2.1
400-500 35 37 0.9 0.6-1.5
300-400 41 37 1.1 0.7-1.7
200-300 37 35 1.0 0.7-1.7
100-200 29 36 0.8 0.5-1.3
50-100 15 22 0.7 0.3-1.3
0-50 18 10 1.7 0.8-3.7
Age of diagnosis 5 years or older

>600 1542 1508 Ref.

500-600 25 23 1.0 0.6-1.8
400-500 17 20 0.8 0.4-1.6
300-400 27 21 1.2 0.7-2.2
200-300 19 29 0.7 0.4-1.2
100-200 22 30 0.7 0.4-1.2
50-100 12 5 2.4 0.8-6.9
0-50 4 5 0.8 0.2-2.9
Birth years 1986-1995

>600 2544 2476 Ref.

500-600 41 32 1.2 0.8-2.0
400-500 37 38 0.9 0.6-1.5
300-400 36 38 0.9 0.6-1.4
200-300 33 38 0.8 0.5-1.3
100-200 30 44 0.7 0.4-1.1
50-100 15 14 1.0 0.5-2.1
0-50 12 10 1.2 0.5-2.7
Birth years 1996-2006

>600 1775 1769 Ref.

500-600 23 21 1.1 0.6-2.0
400-500 15 19 0.8 0.4-1.5
300-400 32 20 1.5 0.9-2.7
200-300 23 26 0.9 0.5-1.6
100-200 21 22 1.0 0.5-1.8
50-100 12 13 0.9 0.4-2.0
0-50 10 5 1.9 0.6-5.4
Abbreviations: Cl= confidence interval; OR=odds ratio. Analyses restricted to subjects
with geocode matches of street segment or parcel. Odds ratios are from logistic regression
models controlling for age, sex, race/ethnicity, and socioeconomic status indicator.

information on US state of birth, we cannot distinguish between
cases not linked because they were born outside California from
cases not linked because their California birth address was missing
or incorrect in the birth records or no longer exists. However, in
1990 and 2010, the percentages of children in California ages of 0-
9 years who were born out of state were about 16 and 8%,
respectively (Myers, 2013). Because this is roughly in line with our
13% unsuccessful linkage rate, it is likely that a large portion of the
unlinked cases were born outside California. Linkage was less
successful for earlier years of diagnosis and older age at diagnosis.
This is expected because linkage is more difficult for earlier
records, and older cases not only have earlier birth records but
were also born in earlier years when a higher proportion of
children in California were born outside California.

The accuracy of the utility GIS distance information in terms of
distance of residences from transmission lines was generally good

Table 5. Subjects with site visits®: odds ratios for childhood
leukaemia by distance of birth address from closest overhead

power transmission line 200kV or higher, California Power
Line Study, 1986-2008: Estimates from different exposure
assessment tiers

Distance, m Cases Controls OR 95% CI
Utility GIS-based distance

>200 46 49 Ref.

100-200 32 36 0.9 0.4-1.7
50-100 21 26 0.7 0.3-1.5
0-50 17 13 1.2 0.5-2.9
Google Earth-based distance

>200 45 49 Ref.

100-200 28 38 0.7 0.3-1.4
50-100 23 23 1.0 0.5-2.0
0-50 20 14 1.4 0.6-3.1
Site visit-based distance

>200 41 48 Ref.

100-200 28 35 0.8 0.4-1.7
50-100 25 27 1.0 0.5-2.0
0-50 22 14 1.6 0.7-3.7
Abbreviations: Cl = confidence interval; GIS =geographic information system; OR=odds
ratio. Analyses restricted to cases and controls with geocode matches of street segment or
parcel. Odds ratios are from logistic regression models controlling for age, sex, race/
ethnicity, and socioeconomic status indicator.

3Site visits were blind to case or control status and did not require participation of subjects.

(Kheifets et al, 2015). However, our three-tiered exposure
assessment protocol improved distance classification accuracy, by
focusing increasing attention and resources on subjects who
appeared to be close to lines, to confirm subject exposure status.
The risk increased slightly as the distance accuracy improved. As
this is the pattern we would expect to see if a true association
existed, this finding could be taken as supportive of a true
underlying association. However, the numbers are too small and
the increase in risk is too small to consider this a robust finding.

A number of epidemiologic studies have examined the relation
between SES and childhood leukaemia. In a review, Poole et al
(2006) describe divergent associations between SES and childhood
leukaemia, finding negative associations with some individual-level
SES indicators such as parental education and positive associations
with occupation and community-level SES indicators. Our SES
indicator used community-level SES if an individual-level measure
was not available. However, none of our SES measures appeared to
be associated with increased risk of childhood leukaemia in our
study (Oksuzyan et al, 2015).

Most distance studies to date have examined proximity of birth
residence to lines, rather than residence at time of diagnosis or
other residential history. Reliance on birth residence, or on any
other single address, may not necessarily capture all aetiologically
relevant exposure. In age-stratified analyses, suggestion of
leukaemia risk was limited to the younger age group, for whom
birth addresses might be more indicative of lifetime exposure.
Among 380 childhood leukaemia cases in a Northern California
study, Urayama et al (2009) found that child’s residential mobility
increased with age, with about 55% of children 0-4 years of age
having moved at least once compared with 80% of children 5-14
years of age. Because acute lymphoblastic leukaemia is a more
specific diagnosis and peaks in incidence at ages 2-5 years (Kim
et al, 2006), we might expect to find a stronger association for this
subtype, should one exist; however, we did not find a stronger
association for this diagnosis.

Bunch et al (2014), whose study covered childhood cancer cases
diagnosed from 1962 to 2008 in the United Kingdom, found a
temporal trend in the risk of childhood leukaemia associated with
close proximity to power lines, with the strongest associations
present in the earlier decades, 1962-1979. They suggested that the
decline might be due to changing population characteristics among
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those living near power lines. We found no evidence for increased
risk of leukaemia for earlier time period (birth years 1986-1995)
compared with more recent years (1996-2006). However, our
study period did not extend as far back in time as the UK study,
and we cannot speculate as to the direction or magnitude of risk
for earlier years in California. Additional studies may shed light on
whether temporal trends are observed in other populations.

A potential limitation of the study is missing data on potential
confounders. However, because missing information was largely
the result of differences in the information collected on birth
certificates from year to year rather than non-response, the
potential for biases is small. In fact, our cases and controls were
similar on all characteristics considered. We encountered some loss
of subjects due to inadequate address information, resulting in
poor geocoding accuracy and exclusion from the main analysis.
When all subjects regardless of the geocoding accuracy were
included, which could be expected to increase exposure mis-
classification, ORs were close to 1.

In conclusion, our large, statewide, records-based case-control
study of childhood leukaemia and CNS cancer in California
provides at most weak support for increased leukaemia risk for
children living within 50 m of transmission lines of above 200 kV
reported in other studies and no evidence of risk for those living
beyond this distance or near lower-voltage lines.
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