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• An increased risk of brain tumors was associated

with living near power lines.

Abstract

The effect of ELF-MF on human health is still controversial,

particularly as regards long-term health effects like cancer. The

literature does suggest, however, that they could be involved in

the occurrence of brain tumors, although results concerning

residential exposure are scarce. Our objective was to investigate

the association between residential proximity to power lines and

brain tumors among adults in France by using a geographical

information system.CERENAT is a population-based case-control

study carried out in France in 2004–2006. We used geographical

data sources on power line location to create exposure scores

based on distance between residence and power lines, and on the

number of lines near residences. Conditional logistic regression for

matched sets was used to estimate Odds Ratios (ORs) and 95%

confidence intervals (95%CI).We found significant associations

between cumulated duration living at <50 m to high voltage lines

and: i) all brain tumors (OR 2.94; 95%CI 1.28–6.75); ii) glioma (OR

4.96; 95%CI 1.56–15.77). Further investigations are needed,

particularly to improve the quality and availability of geographical

and technical data on power lines.
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Due to the intense development of technologies using electricity

over the last few decades, electromagnetic fields (EMF), including

extremely low frequency electromagnetic fields (ELF-MF), are

present in all living environments. Their effects on human health

have been debated since the 1980's but remain controversial,

particularly as regards long-term health effects like cancer,

including brain tumors.

In 2002, ELF-MF were assessed as possibly carcinogenic to humans

by the International Agency for Research on Cancer (Group 2B)

mainly because of the association found with childhood leukemia

but the evidence on brain tumor risk, both in adults and children,

was limited (Gurney and van Wijngaarden, 1999), due to

important methodological limits concerning exposure (IARC,

2002; SCENIHR. Health, 2009). Among the diverse sources of ELF-

MF (electrical domestic appliances, specific occupational

activities), the most studied when focusing on health effects are

power lines. Associations in individuals living near power lines

have not been found as clearly with other cancers (brain and

breast tumors, malignant blood diseases) (ANSES, 2019),

cardiovascular disease or reproductive disorders (Feychting, 2005).

In the past few decades, the incidence of primary brain tumors has

increased in many countries such as Norway, Denmark, Finland,

Sweden, France and the USA. This trend could be explained partly

by the improvement of diagnosis techniques (Deltour et al., 2009;

Helseth, 1995; Hoffman et al., 2006; Pouchieu et al., 2016). But

temporal and spatial changes in the incidence of brain tumors also

suggest the role of environmental factors, such as ionizing

radiation (Umansky et al., 2008), and of other hypothetical

environmental causes such as pesticides, solvents or metals

(Wrensch et al., 2002).

Since the IARC classification in 2002 and a systematic review

published in 2009 (SCENIHR. Health, 2009) sharing the same

conclusion on the association of cancer and ELF-MF exposure,

additional studies focused on adult brain tumors contributed to

reinforce the evidence. A death certificate based case-control



study found an association between adult brain tumor mortality

and living less than 50 m from a power line (OR 1.10 95%CI 0.74–

1.64) (Marcilio et al., 2011). A recent case-control study found an

association between adult brain tumors and particularly

meningioma and living less than 100 m from a power line (OR

2.99, 95% CI 0.86–10.40) (Baldi et al., 2011).

A more recent case-control study also found an increased but not

significant risk of adult brain tumors (OR 1.22; CI95% 0.88–1.69)

among subjects living very near power lines (less than 50 m)

(Elliott et al., 2013). At last, a meta-analysis on ELF-MF and

childhood brain tumors based on data from ten studies found a

non-significant association (OR 1.14; 95% CI: 0.61, 2.13) for children

exposed to more than 0.4 μT in the home at diagnosis, the home at

birth or the longest home (Kheifets et al., 2010). But there were

many differences between the studies in the exposure assessment:

long-term measurements, spot measurements or calculated fields.

Furthermore, most of them did not consider histological subtypes

of brain tumors.

Exposure to ELF-MF emitted by power lines can be assessed by

two approaches: direct and indirect methods. The main direct

method relies on ELF-MF measurements at a given location and

over a given period of time, generally considered as being the

most representative of actual exposure (Schoenfeld et al., 1999).

Another available direct method is individual monitoring,

involving the use of wearable dosimeters, and measuring

individual ELF-MF exposures throughout the day (Schoenfeld et

al., 1999; McBride et al., 1999; Eskelinen et al., 2002). These

approaches take into account any exposure source without the

ability to consider separately each and every one of them.

Furthermore, both direct methods give information on current

ELF-MF exposure only but no information on historical exposure.

Among the indirect methods, geographical information system

(GIS)-based methods may be an effective tool, when paired with

declarative data such as residential history, to assess residential

ELF-MF exposure in the general population (Blaasaas and Tynes,



2002). It is a valuable alternative considering the difficulties in

gathering historical data on ELF-MF measurements. Geographical

indicators based on the location of power lines have been

successfully used as surrogates for ELF-MF measurements. The

most used indicator is the distance from the lines, according to the

voltage, combined with levels of magnetic fields, and frequently

expressed in thresholds of exposure in μT (Blaasaas and Tynes,

2002; Wartenberg et al., 1993; Kliukiene et al., 2004; Habermann

et al., 2010). The geographical indicators can be associated or not

with additional data on power line characteristics and they can

help build algorithms usable in epidemiological studies, as has

been done in several studies on childhood leukemia (Verkasalo et

al., 1993; Malagoli et al., 2010; Sermage-Faure et al., 2013; Kheifets

et al., 2015).

Historical exposure is very important, in order to identify

etiological factors of brain tumors, because the latency between

exposure to a carcinogenic factor and the occurrence of solid

tumors may represent several decades. This is where indirect

measurements (such as GIS methods) are highly needed.

The objective of our study was to investigate the association

between residential proximity to power lines used as a proxy for

ELF-MF exposure, and brain tumors among adults in France, using

a geographical information system.

2. Methods

CERENAT is a multicentric population-based case-control study

initiated in 2004, designed to study the role of occupational and

environmental factors in the etiology of primary brain tumors in

adults. The methods have been described in greater detail in a

previous publication (Coureau et al., 2014).

2.1. Population

In brief, CERENAT cases were aged 16 years or over, had benign or

malignant brain tumors diagnosed between June 2004 and May

2006, and were living in one of four French areas (Gironde,



Calvados, Manche, Hérault) at the time of diagnosis. These four

areas were chosen because of the presence of a population-based

cancer registry that helped to identify the patients. Patients were

primarily identified, however, with the collaboration of a network

of practitioners involved in the diagnosis and treatment of

patients with brain tumors. All the diagnoses were confirmed by

either a neuropathological assessment or for cases with no

histological diagnosis, by clinical and iconography assessment.

Primary brain tumors with the following ICDO-3 topography

codes were included: C70.0-C70.9, C71.0-C71.9 and C72.0-C72.9.

Patients with recurrent tumors, metastases, pituitary tumor

genetic syndrome or AIDS were excluded.

Cases were grouped according to morphology codes as gliomas,

meningiomas, acoustic neuromas, lymphomas and other

unspecified primary brain tumors (McCarthy and Kruchko, 2005).

In this analysis, only cases with glioma and meningioma were

considered. For each case, two controls with no history of brain

tumors were randomly selected from the local electoral rolls

during the period 2005–2008. They were matched individually on

age ( ±2 years), gender and area of residence.

2.2. Data collection

Data were collected through standardized questionnaires

delivered as face-to-face structured interviews. When cases were

deceased or in a severe clinical condition, a relative was invited to

complete a simplified questionnaire. Their matched controls

completed the simplified questionnaire themselves. The

questionnaire covered sociodemographic characteristics, medical

history, lifestyle, detailed occupational and environmental data

and lifetime residential history including all addresses from birth

to the date of diagnosis, where the individual had been living for

one year or more. For each address, street number, type and name,

zip code, city, arrival and departure year were collected.

2.3. Residential exposure data



Addresses collected in the residential history of cases and controls

and located in mainland France and Corsica (93% of collected

addresses) were geocoded according to four steps (Fig. 1). The first

step linked an address directly during input with a geographical

database of all addresses in France (PointAdresse Database from

the French National Geographical Institute V2.1) (67% of

addresses) (Institut de l’InformationGéographiqueetforestière). If

the address was not in PointAdress, we used an online geocoder,

based on data from Google Maps (2% of addresses) (On line

Geocoder. Availab). In the third and fourth steps, we used data

from another geographical database containing public and

administrative buildings, the BDTopo database V2.1, also from the

French National Geographic Institute (Institut de

l’InformationGéographiqueetforestière. Base de données BD

TOPO), consisting in locating addresses which could not be

geocoded by the previous methods: in the third step, at the

municipality's town hall building center (30%) and, if that was not

possible, in the fourth step, at the municipality's church center

(1%). If more than one church existed in the municipality, we

chose the church located in the most densely populated area.

Addresses located abroad or in French Overseas Departments or

Territories were not geocoded, for feasibility reasons (7% of

collected addresses). Geo-positioning was carried out for all

addresses, at least at the municipality level. Because no past or

present data on ELF-MF measurements in the environment were

available for the areas of the study, we decided to use residential

proximity to high-voltage power lines as a proxy to estimate

lifelong ELF-MF exposure, based on a database from the single

French electricity distribution company (“Réseau de Transport

d’Electricité”, RTE) (http://www.rte-france.com, 2016), with the

help of a GIS-based system. The RTE geographical database

contains information on all power lines located in mainland

France, overhead or underground, in 2013 (Fig. 2). Power lines

were categorized according to their voltage:< 45 kV; 45 kV; 63 kV;

90 kV; 150 kV; 225 kV; 400 kV.
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Fig. 1. Address geocoding method. (DB: database).
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Fig. 2. Map of power lines in Mainland France, RTE 2013.
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2.4. Assessment of ELF-MF exposure

We chose to estimate ELF-MF exposure by a proxy such as

residential proximity to power lines, from 1965 to 2006. We did

not make a distinction between overhead and underground lines

during the construction of the exposure indexes and we assumed

that the French electricity network did not change between 1965

and 2013, the date of the RTE database.

If the address of the residence had not been collected or could not

be geocoded, we considered that exposure to ELF-MF was null at

this given address.

We created two different exposure scores using QGIS V2.14.3

geographical information system software (QGIS Development

Team, 2009. Open Source Geospatial Foundation).

One metric was based on exposure corridors around the lines,

representing a threshold for exposure to ELF-MF of

approximatively 0.3 μT, and the other one was based on a distance

threshold - between the residence and the nearest power line -

that has been associated with brain tumors in previous studies

(Marcilio et al., 2011; Elliott et al., 2013). For the score based on

corridors, we defined thresholds for exposure, represented as

buffers around the power lines, of approximatively 0.3 μT,

according to data from the literature (Blaasaas and Tynes, 2002;

Wartenberg et al., 1993; Kliukiene et al., 2004; Habermann et al.,

2010; Kheifets et al., 2015) and adjusting to the voltage levels used

in France. The thresholds defined in previous studies were

calculated according to two different methods: i) by using

statistical models taking account of power line characteristics

(such as the height of electric towers, the average load or phase of

the line) alone (Kliukiene et al., 2004), associated with

measurements (Kheifets et al., 2015) or associated with data from

the literature (Habermann et al., 2010); ii) by using data from the

literature and from technical reports (Blaasaas and Tynes, 2002;

Wartenberg et al., 1993).



According to the literature and for a threshold of 0.3 μT, the

correspondences between voltage and distance were as follows: i)

63 kV: 60 m; ii) 90 kV: 80 m; iii) 150 kV: 100 m; iv) 225 kV: 150 m;

and v) 400 kV: 200 m. Then, we calculated the number of power

lines close enough for a residence to be in the exposure corridor. If

the residence was not in a corridor, we considered that exposure

to ELF-MF was null.

Finally, to take account of cumulated exposure in every residence

inhabited by a subject during his life, we created an exposure

corridor score by calculating cumulative duration living in 1, 2 and

3 or more exposure corridors for each subject during his lifetime.

For the score based on distance, we calculated the distance

between the residence and: i) the nearest power line, ii) the

nearest high voltage line (≤200 kV) and iii) the nearest very high

voltage line (>200 kV). The threshold of 50 m was selected

according to data from the literature (Marcilio et al., 2011; Elliott

et al., 2013; Sermage-Faure et al., 2013). If the residence was at

more than 50 m from a line, we considered that exposure to ELF-

MF was null. Then, we created the distance exposure score by

calculating cumulative duration of exposure (<50 m or not) during

lifetime.

For both exposure metrics, the cumulative duration was defined as

the sum of the durations living in a place of residence considered

as exposed.

2.5. Potential confounders

The following potential confounders were considered: age, gender,

level of education (primary or secondary school vs high school or

university); smoking (pack-years), alcohol consumption (classified

as high for men over three glasses per day, and over two glasses

per day for women) and mobile phone use (cumulative call

duration) (Coureau et al., 2014). Occupational exposure to

pesticides was identified on the basis of detailed occupational

histories and specific questionnaires on pesticide use, and was

considered here as having performed treatment tasks (direct



exposure) on crops, gardens or wood, or as having been in contact

(indirect exposure) with treated crops, wood or gardens in any job

during their life. Household pesticide exposure in the CERENAT

study was defined as having treated against crawling and flying

insects at least once a week. Household exposure to ELF-MF was

based on a specific questionnaire on the use of electrical

appliances, on field measurements and on the literature. The

electrical appliances studied in the CERENAT Study were: electric

shaver, hair dryer, heating blanket, radio alarm, induction hob and

hooded dryer. The data collected were the frequency of use

(number of times per month) and the period of use in years. Field

measurements (intensity in tesla and distance in meters from the

source) were performed on these electrical appliances, when

present in the homes of 14 staff members from the research team,

as part of a pilot study. We used the literature to approximate the

duration of use in minutes and when we had missing data from

the other sources. Finally, we calculated a score by multiplying the

duration of use, frequency of use, distance from the appliance,

period of use and level of magnetic field emitted in μT.

2.6. Statistical analysis

The index date for each case and its two matched controls was the

date of brain tumor diagnosis. ELF-MF residential exposure from

power lines during the year before the index date was not taken

into account, to consider a potential induction period and

eliminate any reverse causality bias due to prodromal effects.

Missing dates in residential calendars were imputed when

possible, considering the dates of previous and/or following

residences.

Lifelong ELF-MF residential exposure from power lines was

assessed with i) the cumulated and average duration living at less

than 50 m from any line, HV and VHV lines and ii) the corridor

exposure index. They were used as categorical indicators: binary

(ever vs never exposure) and categorized on thresholds of

duration based on literature (Huss et al., 2009): ≥5 years; ≥ 10



years; ≥15 years. The reference category consisted of subjects who

had never been exposed at any time in their residential history.

Conditional logistic regressions for matched sets were used to

estimate ORs and 95% CIs. All statistical tests were two-sided.

Confounders were selected using the suitable selection algorithm

(Bursac et al., 2008). Each exposure score was analyzed separately

and adjusted for confounders. Five sensitivity analyses were

performed: i) excluding participants who had at least one address

in their residential history that could not be geocoded (foreign

address (7%) or missing dates (0.6%)), and who were considered

unexposed at that address in the main analysis, ii) excluding

addresses that were imprecisely geocoded (i.e. at the municipality

level), iii) considering a longer lag prior to the index date (2 and 5

years), iv) considering exposure misclassification bias using the

method described by Lash et al. (2014), and v) calculating

residential exposure metrics without imputing missing residential

dates.

Analyses were performed using SAS, V9.3 software (SAS Institute,

Cary, North Carolina, USA).

Table 1. Description of study population. CERENAT, 2004–2006,

France.

Age at diagnosis (mean±SD) 1470 57.6 ± 14.4 57.5 ± 14.2

Gender 1470

 Men 211 (43.1) 422 (43.1)

 Women 279 (56.9) 558 (56.9)

Simplified questionnaire (Yes) 1470 75 (15.3) 150 (15.3)

Education Level 1469

 Primary or Secondary 306 (62.6) 505 (51.5)

All brain tumors

N* Cases (n = 490) Controls (n = 98

n (%) n (%)



 High school or University 183 (37.4) 475 (48.5)

Tobacco smoking (in pack-years) 1460

 0 229 (47.1) 486 (49.9)

 ]0–10[ 94 (19.3) 195 (20.0)

 ]10–20[ 56 (11.5) 121 (12.4)

 ≥20 107 (22.0) 172 (17.7)

Alcohol consumption at least

once a week

1245

 No 209 (50.4) 268 (32.3)

 Moderate 172 (41.5) 456 (54.9)

 Excessive 34 (8.2) 106 (12.8)

Household exposure to ELF-MF 1470

 No 42 (8.6) 69 (7.0)

 Yes 448 (91.4) 911(93.0)

Household exposure to pesticides 1449

 No 426 (89.5) 915 (94.0)

 Yes 50 (10.5) 58 (6.0)

Occupational exposure to

pesticides

1470

 No 293 (59.8) 506 (51.6)

 Direct exposure 54 (11.0) 80 (8.2)

 Indirect exposure 143 (29.2) 394 (40.2)

Self-reported cell phone use 1402

 Not user 246 (53.6) 481 (51.0)

All brain tumors

N* Cases (n = 490) Controls (n = 98

n (%) n (%)



 Cumulated duration of calls <896h 173 (37.7) 419 (44.4)

 Cumulated duration of calls ≥896h 40 (8.7) 43 (4.6)

ELF-MF: extremely low frequency electromagnetic field.

3. Results

3.1. Population characteristics (Table 1)

Among the subjects defined as eligible, 95% of cases and 61% of

controls could be reached, and a total of 596 (73%) cases and 1192

(45%) controls were included in the CERENAT study (Coureau et al.,

2014). The participation rate was 66% for glioma and 75% for

meningioma cases. The main reasons for non-participation of

cases were refusals (48%), severe condition or death without proxy

(38%) or unreachable subjects (14%). Non-included cases were

older than included cases (mean age: 63 vs 58 years). After

exclusion of acoustic neuromas (n = 42), lymphomas and

unspecified brain tumors (n = 56), medullar tumors (n = 50) and

persons with missing residential history (2 meningioma cases and

the four corresponding controls), 1470 subjects were included in

the analysis: 273 cases and 546 controls for gliomas; 217 cases and

434 controls for meningioma. For gliomas and meningioma,

neuropathological assessment represented 96% of diagnoses and

clinical and radiological assessment 4%.

The median time between the index date and interview was 6

months (IQR: 4, 10) for cases and 21 months (IQR: 16, 29) for

controls, and was similar for gliomas and meningiomas. Data was

collected from relatives for 23% of gliomas and 6% of

meningiomas. The average age at diagnosis was 55 years for

gliomas and 60 years for meningiomas, and women represented

All brain tumors

N* Cases (n = 490) Controls (n = 98

n (%) n (%)



respectively 42% and 76% of the subjects (Table 1). The level of

education was higher in controls than in cases (p < 10 ) as was the

indirect occupational exposure to pesticides (p < 10 ). On the

contrary, the alcohol consumption, the household exposure to

pesticides and the cellphone use were higher in cases than in

controls. There was no difference between cases and controls

concerning the tobacco smoking and the household exposure to

ELF-MF. Among the 1470 subjects, 300 (20%) had at least one

address that could not be geocoded in their residential history but

67% of these addresses were inhabited before 1965 and therefore

were not concerned by ELF-MF exposure assessment.

Table 2. Description of ELF-MF residential exposure from electric

lines by address. CERENAT, 2004–2006, France.

 Yes 227 (3.3) 75 (3.3) 152

 1 line 154 (2.3) 49 (2.2) 105

 2 lines 47 (0.7) 21 (0.9) 26 (

 ≥3 lines 26 (0.4) 5 (0.2) 21 (

 Yes 73 (1.1) 29 (1.3) 44 (

 1 line 60 (0.9) 24 (1.1) 36 (

 2 lines 7 (0.1) 4 (0.2) 3 (0

 ≥3 lines 6 (0.1) 1 (0.0) 5 (0

 Yes 12 (0.2) 6 (0.3) 6 (0

 1 line 10 (0.2) 6 (0.3) 4 (0

−3

−3

Adresses for All brain tumors

Total (n = 6821) Cases (n = 2281) Con

N (%) n (%) n (%

Exposure to all power lines

Exposure to 63 kV power lines

Exposure to 90 kV power lines



 2 lines 2 (0.0) 0 (0.0) 2 (0

 Yes 0 (0.0) 0 (0.0) 0 (0

 Yes 146 (2.1) 43 (1.9) 103

 1 line 96 (1.4) 27 (1.2) 69 (

 2 lines 30 (0.4) 12 (0.5) 18 (

 ≥3 lines 20 (0.2) 4 (0.2) 16 (

 Yes 7 (0.1) 2 (0.1) 5 (0

 1 line 7 (0.1) 2 (0.1) 5 (0

n = 1470 n = 490 n = 9

 > 200 m 1395 (94.9) 465 (94.9) 930

 50–200 m 60 (4.1) 20 (4.1) 40 (

 <50m 15 (1.0) 5 (1.0) 10 (

 > 200 m 1413 (96.1) 473 (96.5) 940

 50–200 m 47 (3.2) 14 (2.9) 33 (

 <50m 10 (0.7) 3 (0.6) 7 (0

Adresses for All brain tumors

Total (n = 6821) Cases (n = 2281) Con

N (%) n (%) n (%

Exposure to 150 kV power lines

Exposure to 225 kV power lines

Exposure to 400 kV power lines

Addresses at the time of diagnosis

Distance between all lines and

residence

Distance between HV line and

residence

Distance between VHV line and

residence



 > 200 m 1447 (98.4) 479 (97.8) 968

 50–200 m 18 (1.2) 9 (1.8) 9 (0

 <50m 5 (0.3) 2 (0.4) 3 (0

kV: kilovolt; HV: high voltage (<200 kV); VHV: very high voltage

(≥200 kV).

3.2. ELF-MF exposure characteristics

3.2.1. ELF-MF exposure by address (Table 2)

When considering the 6821 addresses assessed for exposure to

power lines, only 227 (3%) were in the exposure corridor of a

power line and less than 1% were exposed to more than one power

line with a maximum of 6 lines concerning 1 address and 225 kV

lines. These results did not differ between cases and controls. No

address was exposed to 150 kV lines. Exposure according to

voltage was first to 225 kV lines with 146 addresses (2%), then to

63 kV lines (73 addresses, 1%). The other lines concerned less than

1% of the addresses.

The distance exposure indexes concerned the 1470 addresses

inhabited at the time of diagnosis and 15 of them (1%) were

located less than 50 m from a power line whereas 1395 (95%) were

located at a distance of more than 200 m. Results were similar for

cases and controls.

Table 3. Description of ELF-MF residential exposure from electric

lines by subject. CERENAT, 2004–2006, France.

Adresses for All brain tumors

Total (n = 6821) Cases (n = 2281) Con

N (%) n (%) n (%



0.481

 Yes 60 (12.2) 128 (13.1)

 1 line 37 (7.6) 85 (8.7)

 2 lines 18 (3.7) 24 (2.5)

 ≥3 lines 5 (1.0) 19 (1.9)

0.305

 Yes 26 (5.3) 41 (4.2)

 1 line 21 (4.3) 33 (3.4)

 2 lines 4 (0.8) 3 (0.3)

 ≥3 lines 1 (0.2) 5 (0.5)

–

 Yes 6 (1.2) 6 (0.6)

 1 line 6 (1.2) 4 (0.4)

 2 lines 0 (0.0) 2 (0.2)

–

 Yes 0 (0.0) 0 (0.0)

0.267

 Yes 35 (7.2) 90 (9.2)

 1 line 19 (3.9) 59 (6.0)

 2 lines 12 (2.5) 16 (1.6)

 ≥3 lines 4 (0.8) 15 (1.5)

0.789

 Yes 2 (0.4) 5 (0.5)

 1 line 2 (0.4) 5 (0.5)

All brain tumors (n = 1470)

Cases (n = 490) Controls (n = 980) p-valu

n (%) n (%)

Exposure to all power lines

Exposure to 63 kV power lines

Exposure to 90 kV power lines

Exposure to 150 kV power lines

Exposure to 225 kV power lines

Exposure to 400 kV power lines



0.2

 Ever 30 (6.1) 46 (4.7)

 >5 years 18 (3.7) 20 (2.0)

 >10 years 9 (1.8) 12 (1.2)

 >15 years 8 (1.6) 8 (0.8)

0.0

 Ever 19 (3.9) 19 (1.9)

 >5 years 11 (2.2) 11 (1.1)

 >10 years 4 (0.8) 7 (0.7)

 >15 years 4 (0.8) 6 (0.6)

0.8

 Ever 13 (2.7) 28 (2.9)

 >5 years 6 (1.2) 9 (0.9)

 >10 years 5 (1.2) 5 (0.5)

 >15 years 4 (0.8) 2 (0.2)

0.6

 Ever 60 (12.2) 128 (13.1)

 >5 years 36 (7.4) 66 (6.7)

All brain tumors (n = 1470)

Cases (n = 490) Controls (n = 980) p-

n (%) n (%)

Cumulative duration living <50m

from any line

Cumulative duration living <50m

from HV line

Cumulative duration living <50m

from VHV line

All brain tumors (n = 1470)

Cases (n = 490) Controls (n = 980) p-

n (%) n (%)

Cumulative duration living in at

least 1 exposure corridor



 >10 years 20 (4.1) 44 (4.5)

 >15 years 17 (3.5) 28 (2.9)

0.7

 Ever 43 (8.8) 90 (9.2)

 >5 years 26 (5.3) 51 (5.2)

 >10 years 16 (3.3) 32 (3.3)

 >15 years 14 (2.9) 23 (2.4)

0.1

 Ever 19 (3.9) 25 (2.6)

 >5 years 8 (1.6) 10 (1.02)

 >10 years 2 (0.4) 4 (0.4)

 >15 years 1 (0.2) 1 (0.1)

0.1

 Ever 5 (1.0) 19 (1.9)

 >5 years 1 (0.2) 9 (0.9)

 >10 years 1 (0.2) 4 (0.4)

 >15 years 0 (0.0) 2 (0.2)

HV: high voltage (<200 kV); VHV: very high voltage (≥200 kV).

3.2.2. ELF-MF exposure by subject (Table 3)

All brain tumors (n = 1470)

Cases (n = 490) Controls (n = 980) p-

n (%) n (%)

Cumulative duration living in 1

exposure corridor

Cumulative duration living in 2

exposure corridors

Cumulative duration living in 3

exposure corridors



Among the 1470 subjects, 122 (8%) had lived at least once between

1965 and the time of diagnosis in a residence located in the

exposure corridor of one power line and 66 (4%) in the exposure

corridor of more than one line with a maximum of 6 lines

concerning one subject (0.2%). As for the addresses, 225 kV lines

were the most concerned with 125 (9%) subjects exposed and no

one was ever exposed to 150 kV lines. Results were similar for

cases and controls.

When considering the distance exposure indexes, 1% of the

subjects had lived at the time of diagnosis less than 50 m from a

power line (1% for high voltage lines and 0.2% for very high voltage

lines) while 93% of the subjects never lived less than 200 m of any

power line (95% for high voltage and 98% for very high voltage).

These results did not change between cases and controls.

Among the 1470 subjects, 76 (5.2%) ever lived at less than 50 m

from a power line, only 28 (1.9%) ≥ 5 years, 21 (1.4%) ≥ 10 years and

16 (1.1%) ≥ 15 years during lifetime.

3.3. Multivariate analysis

Table 4 presents the adjusted risks concerning all brain tumors,

gliomas and meningiomas associated with cumulative duration at

less than 50 m from power lines and living in exposure corridors.

Table 4. Adjusted conditional logistic regression for ELF-MF

residential exposure from electric lines. CERENAT, 2004–2006,

France.

Cumulative duration living <50m from any line

 Never 349 750 Reference 172

 Ever 27 38 1.77 [0.98–3.20] 0.060 17

 >5 years 15 18 2.09 [0.94–4.61] 0.069 6

 >10 years 8 10 2.03 [0.69–5.97] 0.197 1

All brain tumors Gliomas

Ca (n = 389) Co (n = 795) OR [95% CI] p-value Ca (n = 196



 >15 years 7 6 4.33 [1.11–16.9] 0.035 1

Cumulative duration living <50m from HV line

 Never 359 774 Reference 178

 Ever 17 14 2.94 [1.28–6.75] 0.011 11

 >5 years 9 9 2.56 [0.85–7.75] 0.096 3

 >10 years 4 5 2.02 [0.39–10.63] 0.406 0

 >15 years 4 4 3.92 [0.64–24.05] 0.140 0

Cumulative duration living <50m from VHV line

 Never 364 764 Reference 181

 Ever 12 24 1.22 [0.57–2.61] 0.616 8

 >5 years 5 9 1.35 [0.42–4.34] 0.615 2

 >10 years 4 5 2.03 [0.50–8.31] 0.326 1

 >15 years 3 2 4.70 [0.63–35.1] 0.131 1

Cumulative duration living in at least 1 exposure corridor

 Never 327 680 Reference 162

 Ever 49 108 0.92 [0.61–1.38] 0.675 27

 >5 years 31 59 1.04 [0.64–1.71] 0.872 13

 >10 years 19 38 0.97 [0.53–1.79] 0.921 8

 >15 years 16 24 1.33 [0.66–2.70] 0.427 7

Cumulative duration living in 1 exposure corridor

 Never 340 713 Reference 170

 Ever 36 75 0.90 [0.56–1.44] 0.655 19

 >5 years 23 46 0.92 [0.52–1.63] 0.771 8

All brain tumors Gliomas

Ca (n = 389) Co (n = 795) OR [95% CI] p-value Ca (n = 196

All brain tumors Gliomas

Ca (n = 389) Co (n = 795) OR [95% CI] p-value Ca (n = 196



 >10 years 15 28 1.01 [0.50–2.04] 0.990 6

 >15 years 13 19 1.30 [0.58–2.89] 0.527 6

Cumulative duration living in 2 exposure corridors

 Never 361 766 Reference 179

 Ever 15 22 1.53 [0.73–3.20] 0.256 10

 >5 years 6 9 1.34 [0.43–4.20] 0.620 4

 >10 years 2 4 1.71 [0.25–11.81] 0.588 1

 >15 years 1 1 2.69 [0.15–49.43] 0.505 0

Cumulative duration living in 3 exposure corridors

 Never 371 772 Reference 186

 Ever 5 16 0.87 [0.27–2.83] 0.813 3

 >5 years 1 8 0.29 [0.03–2.62] 0.269 0

 >10 years 1 3 0.69 [0.07–6.85] 0.751 0

 >15 years 0 2 – – 0

*Data available for analysis; ¥ p value for global test; HV: high voltage

(<200 kV); VHV: very high voltage (≥200 kV); £ OR for each indicator

adjusted for gender, age, education level, tobacco and alcohol

consumption, occupational and household exposure to pesticides,

household exposure to ELF-MF and mobile phone use.

3.3.1. All brain tumors (Table 4)

Concerning the cumulative duration at less than 50 m from any

power line, a significant association was observed with brain

tumors for people exposed for 15 years (OR 4.33, 95%CI 1.11–16.9),

but not for people ever exposed or exposed for 5 and 10 years.

All brain tumors Gliomas

Ca (n = 389) Co (n = 795) OR [95% CI] p-value Ca (n = 196



For the cumulative duration at less than 50 m from high voltage

power lines, a significant association with brain tumors was found

for ever/never exposure (OR 2.94, 95%CI 1.28–6.75), but not for

people exposed for 5, 10 or 15 years.

For the cumulative duration at less than 50 m from very high

voltage lines, no association was observed.

Concerning cumulative duration in exposure corridors, no

association was observed with brain tumors, regardless of the

number of corridors and the type of exposure.

Sensitivity analyses (excluding subjects with non-geocoded

addresses; excluding addresses geocoded at the municipality

level; with a 2-year and a 5-year exposure lag; considering

exposure misclassification bias; with no imputation of residence

dates), reported no difference in the observed associations (data

not shown).

3.3.2. Gliomas (Table 4)

For the cumulative duration at less than 50 m from any power line,

a significant association with gliomas was observed for ever/never

exposure (OR 3.23 95%CI 1.33–7.82), but not for people exposed for

5, 10 and 15 years.

For the cumulative duration at less than 50 m from high voltage

power lines, a significant association with gliomas was also

observed for ever/never exposure (OR 4.96 95%CI 1.56–15.77), but

not for people exposed for 5, 10 and 15 years.

Concerning the cumulative duration at less than 50 m from very

high voltage lines, no association was observed with gliomas, for

ever/never exposure or for people exposed for 5, 10 and 15 years.

Concerning cumulative duration in exposure corridors, no

association was observed with gliomas, regardless of the number

of corridors and the type of exposure.

Sensitivity analyses (excluding subjects with non-geocoded

addresses; excluding addresses geocoded at the municipality



level; with a 2-year and a 5-year exposure lag; considering

exposure misclassification bias; with no imputation of residence

dates) reported no difference in the observed associations (data

not shown).

3.3.3. Meningiomas (Table 4)

No association was observed between meningiomas and

proximity to power lines, except for the cumulative duration at

less than 50 m from any power line, with a significant association

for people exposed for 15 years (OR 8.53; 95%CI 1.48–49.17).

Furthermore, ORs appear to increase with duration, for cumulative

duration at less than 50 m but not for duration in exposure

corridors.

Sensitivity analyses (excluding subjects with non-geocoded

addresses; excluding addresses geocoded at the municipality level

with a 2-year and a 5-year exposure lag; considering exposure

misclassification bias; with no imputation of residence dates)

reported no difference in the observed associations (data not

shown).

4. Discussion

The objective of this study was fulfilled by analyzing the

association between brain tumors and exposure to ELF-MF by two

geographical methods including the use of the distance between

the residence and the power lines and the use of exposure

corridors according to the voltage. We observed some significant

positive associations between cumulative duration at less than

50 m to any line for exposure above 15 years and brain tumors (OR

4.33, 95%CI 1.11–16.9) and meningioma (OR 8.53, 95%CI 1.48–

49.17). Gliomas were also significantly associated with cumulative

duration at less than 50 m but only for ever/never exposure to any

line (OR 3.23, 95%CI 1.33–7.82) and high voltage lines (OR 4.96,

95%CI 1.56–15.77). No association was found between brain

tumors, gliomas or meningiomas and cumulative duration in

exposure corridors.



We observed significant association for the highest exposure to

cumulative duration at less than 50 m to any line and high voltage

lines but not for very high voltage lines, which is surprising

because very high voltage lines should emit more ELF-MF than

lines with a lower voltage. But very high voltage lines are more

often built in rural areas with low density of population and are

used to transport power, not to deliver it and are often very high,

up to 100 m high. Therefore, residences near very high voltage

lines may be farthest from the lines than residences near high

voltage lines.

We did not find any significant association for cumulative duration

in exposure corridors, whereas we could expect that exposure at

less than 50 m and exposure in corridors should be similar. But the

threshold of 0.3 μT corresponded to a distance of more than 50 m,

and until 400 m for 400 kV lines and could be improved. Moreover,

we had in our study, globally, a very low number of subjects highly

exposed to ELF-MF, probably leading to a lack of statistical power.

Exposure metrics based on proximity to power lines have already

been used to assess residential ELF-MF exposure (Verkasalo et al.,

1993; Malagoli et al., 2010; Sermage-Faure et al., 2013; Kheifets et

al., 2015) and could prove to be better estimates than scores based

on self-reported data. In this study, we did not pair our exposure

scores with algorithms because of a lack of data, but score results

based on the location of power lines were consistent with field

measurements in the literature (Blaasaas and Tynes, 2002).

We chose to use two kinds of exposure scores: one based on

exposure corridors around the lines and the other based on the

distance between residences and power lines. Exposure corridors,

corresponding to a threshold of 0.3 μT, were designed as buffers

around the lines and their radius depended on the voltage. The

corridors were defined according to data from publications having

used similar exposure scores (Blaasaas and Tynes, 2002;

Wartenberg et al., 1993; Kliukiene et al., 2004; Habermann et al.,

2010; Kheifets et al., 2015). This exposure score allowed

simultaneous exposure to several power lines to be taken into



account. The exposure score based on distance took account only

of the nearest line, but when power lines are close or cross, ELF-

MF may partially cancel or add up, depending on several

parameters such as the position of the lines, phase and intensity.

Furthermore, even if the score based on distance did not take

precise account of the voltage, exposure to high voltage (<200 kV)

and very high voltage (≥200 kV) lines was estimated separately.

The CERENAT multicentric study was conducted on the general

population and covered various socioeconomic statuses and

environmental exposures. Cases were included from a clinical

network supported by population-based cancer registries, thus

ensuring the reliability of diagnosis. Controls were selected

randomly from the electoral rolls, which include 90% of people

above 18 years and are representative of the French general

population in terms of age and gender (Pan Ké Shon, 2004). The

delay between index date and interview was longer for controls,

but we censured information on ELF-MF exposure one year before

the index date. A large amount of data was collected through face-

to-face interviews, such as adjustment variables and complete

residential history. The availability of individual adjustment

factors in a study on residential or geographical exposure to power

lines is a strength, particularly when compared with ecological

studies. Ecological studies usually use aggregated data on

potential confounders and could therefore lead to a lack of

precision in the estimation of the associations. The availability of

complete and detailed residential history for all participants is

another strength of our study. We could estimate exposure for all

residences occupied by a participant in mainland France during

their lifetime.

The chosen exposure metrics were based on one geographical data

source, built for another purpose than epidemiology. Data from

the electricity distribution company (RTE) was initially created to

manage the transport and distribution of electricity and was not

planned to be used to assess environmental exposure. However,

the use of this source, with its advantages and limits, could show



how to define the necessary parameters for a more appropriate

exposure source.

We did not differentiate underground and overhead lines in our

analysis, as this information was not often defined in the

literature. One publication considered that ELF-MF emitted by

underground lines were much lower than ELF-MF emitted by

overhead lines, which could lead to an overestimation of exposure

(Pedersen et al., 2014). However, 86% of the power lines in the RTE

database are overhead, so the impact on the exposure estimation

should be limited.

Other methods were used in the literature to estimate ELF-MF

exposure emitted by power lines, and particularly mathematical

modeling of magnetic flux density. These calculations needed

numerous power line characteristics such as the power, annual

charge, location of electric conductors on the line and phase

(Verkasalo et al., 1993; Kheifets et al., 2015; Olsen et al., 1993).

These characteristics were not available in the RTE database.

Another limitation of the exposure scores is the inability to take

account of factors that could modify the electrical power, such as

seasons (more electrical use in winter) (Valjus et al., 1995). This

could lead to errors in the estimation of exposure.

We defined one exposure time period from 1965 to the time of

diagnosis of the case, based on the available version of RTE data

and considered that the electricity network did not change during

this period. Therefore, the exposure scores designed here possibly

overestimated ELF-MF exposure because it took account only of

the electricity network in 2013 yet the French electricity network

has increased greatly since its beginnings and more particularly

since the 1960s. In order to assess exposure misclassification from

the lack of historical data on power lines, sensitivity analysis were

conducted, using the method described by Lash et al. (2014) and it

did not change the associations.

On the other hand, we considered that the latency of exposure of

40 years was sufficient to show an association between ELF-MF



exposure and the risk of brain tumor, although no accurate

number for this latency is defined in the literature.

The exposure metrics were based on self-reported residential

history covering the time period from birth to the time of study,

which could lead to a misclassification of exposure, particularly

for older addresses. But self-reported residential history has been

considered reliable in literature (Künzli et al., 1996), and having all

addresses from birth to the time of diagnosis to assess ELF-MF

exposure, and not just the last residence, is an actual strength in

this study.

All addresses located on the mainland could be geocoded, even

the oldest. Not all addresses were geocoded with a comparable

precision, however, since some addresses were geocoded at the

accurate location and others were located at the center of the

municipality. In order to take account of this lack of precision, we

performed a sensitivity analysis by excluding the addresses

geocoded at the municipality level and it did not change the

associations.

Our main results are consistent with previous studies on

environmental exposure to ELF-MF and brain tumors (Marcilio et

al., 2011; Baldi et al., 2011; Elliott et al., 2013) although the risk

levels found in our study are higher.

The first study was a case-control study of brain tumors in adults

assessing residential exposure to ELF-MF by using a single buffer

of 100 m around power lines, regardless of the voltage (Baldi et al.,

2011), and found an increased risk for meningioma and not for

glioma when living near power lines (OR 2.99 95%CI 0.86–10.40).

The second publication, an historical case-control study based on

death certificates, used a similar approach with a GIS-based

exposure assessment and found a non-significant and weak

association between brain tumor mortality and living near a

power line (<50 m) at the time of death (OR 1.10 95%CI 0.74–1.64)

(Marcilio et al., 2011). The third publication was also a case-

control study, based on data from a national cancer registry and

focused on several adult cancers (Elliott et al., 2013). The authors



found no clear trend of increased risk associated with distance to

power lines but an increased yet non-significant risk of brain

tumors for distances closest to power lines (OR 1.22 95%CI 0.88–

1.69). At last, a meta-analysis focused this time on occupational

exposure and brain tumors in adults found a moderate excess of

risk (14% for all brain tumors and 18% for glioma), for higher ELF-

MF exposure (Kheifets et al., 2008), but there was heterogeneity in

the exposure assessment between studies.

However, the publications in the literature are insufficiently

conclusive, mainly because they focused on different types of

tumors or assessed ELF-MF exposure in different ways.

Despite this study's limitations, our results strongly suggest that

the risk of brain tumor, and particularly gliomas could be

associated with residential ELF-MF exposure estimated by

proximity of power lines, as several previous studies have already

pointed out. This study demonstrates how public cartographic

data can be used in epidemiological studies to estimate residential

exposure, even if they were not designed for this purpose. The

limitations resulting from the original purpose of these data could

be overcome by combination with other data sources, such as

power line characteristics or metrology to enhance exposure

assessment accuracy.

Author’s contribution

CC elaborated the study design, created the exposure metrics, did

the analysis and wrote the manuscript IB, PL, PF were major

contributors in the development of the study design, the

recruitment of patients and the data collection of the case-control

study.IB supervised all the work All authors read and approved the

final manuscript.

Funding

The study was supported by grants from the Fondation de France,

the Agence Française de Sécurité Sanitaire de l’Environnement et

du Travail, the Association pour la Recherche contre le Cancer, the



ANSES, 2019

Ligue Contre le Cancer, the Institut National de la Santé et de la

Recherche Médicale ATC Environnement et Santé.

Patient consent

Obtained.

Ethics approval

Comité consultatif sur le traitement de l'information en matière

de recherché dans le domaine de la santé (CCTIRS); Comités

consultatifs de Protection des Personnes dans la Recherche

Biomédicale (CCPPRB); Commission Nationale de l’Informatique et

des Libertés (CNIL).

Declaration of competing interest

The authors declare no conflict of interest.

Acknowledgments

The authors thank JM Constans, O Coskun, S Eimer and A Vital for

the radiological or pathological expertise, and the clinicians who

helped us to contact the patients.

References

Anses

Effets sanitaires liés à l’exposition aux champs

électromagnétiques basses fréquences. Rapport

d’expertise collective

(2019)

Avril

https://www.anses.fr/fr/content/champs-

%C3%A9lectromagn%C3%A9tiques-extr%C3%AAmement-

basses-fr%C3%A9quences

Google Scholar

https://www.anses.fr/fr/content/champs-%C3%A9lectromagn%C3%A9tiques-extr%C3%AAmement-basses-fr%C3%A9quences
https://scholar.google.com/scholar_lookup?title=Effets%20sanitaires%20li%C3%A9s%20%C3%A0%20lexposition%20aux%20champs%20%C3%A9lectromagn%C3%A9tiques%20basses%20fr%C3%A9quences.%20Rapport%20dexpertise%20collective&publication_year=2019&author=Anses


Baldi et al., 2011

Blaasaas and Tynes, 2002

Bursac et al., 2008

Coureau et al., 2014

Deltour et al., 2009

Elliott et al., 2013

I. Baldi, G. Coureau, A. Jaffré, A. Gruber, S. Ducamp, D.

Provost, et al.

Occupational and residential exposure to

electromagnetic fields and risk of brain tumors in

adults: a case-control study in Gironde, France

Int. J. Canc., 129 (6) (2011 Sep 15), pp. 1477-1484

K.G. Blaasaas, T. Tynes

Comparison of three different ways of measuring

distances between residences and high voltage

power lines

Bioelectromagnetics, 23 (4) (2002 May), pp. 288-291

Z. Bursac, C.H. Gauss, D.K. Williams, D.W. Hosmer

Purposeful selection of variables in logistic

regression

Source Code Biol. Med., 3 (2008), p. 17

G. Coureau, G. Bouvier, P. Lebailly, P. Fabbro-Peray,

A. Gruber, K. Leffondre, et al.

Mobile phone use and brain tumours in the CERENAT

case-control study

Occup. Environ. Med., 71 (7) (2014 Jul), pp. 514-522

I. Deltour, C. Johansen, A. Auvinen, M. Feychting, L.

Klaeboe, J. Schüz

Time trends in brain tumor incidence rates in

Denmark, Finland, Norway, and Sweden, 1974-2003

J. Natl. Cancer Inst., 101 (24) (2009 Dec 16), pp. 1721-1724

P. Elliott, G. Shaddick, M. Douglass, K. de Hoogh, D.J.

Briggs, M.B. Toledano

Adult cancers near high-voltage overhead power

lines

Crossref View in Scopus Google Scholar

View in Scopus Google Scholar

View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

https://doi.org/10.1002/ijc.25765
https://www.scopus.com/inward/record.url?eid=2-s2.0-79960915414&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Baldi%20I%2C%20Coureau%20G%2C%20Jaffre%20A%2C%20Gruber%20A%2C%20Ducamp%20S%2C%20Provost%20D%2C%20et%20al.%20Occupational%20and%20residential%20exposure%20to%20electromagnetic%20fields%20and%20risk%20of%20brain%20tumors%20in%20adults%3A%20a%20case-control%20study%20in%20Gironde%2C%20France.%20Int%20J%20Cancer.%202011%20Sep%2015%3B129(6)%3A1477-1484.
https://www.scopus.com/inward/record.url?eid=2-s2.0-0036580670&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Blaasaas%20KG%2C%20Tynes%20T.%20Comparison%20of%20three%20different%20ways%20of%20measuring%20distances%20between%20residences%20and%20high%20voltage%20power%20lines.%20Bioelectromagnetics.%202002%20May%3B23(4)%3A288-291.
https://www.scopus.com/inward/record.url?eid=2-s2.0-61349120218&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Purposeful%20selection%20of%20variables%20in%20logistic%20regression&publication_year=2008&author=Z.%20Bursac&author=C.H.%20Gauss&author=D.K.%20Williams&author=D.W.%20Hosmer
https://doi.org/10.1136/oemed-2013-101754
https://www.scopus.com/inward/record.url?eid=2-s2.0-84902328859&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Coureau%20G%2C%20Bouvier%20G%2C%20Lebailly%20P%2C%20Fabbro-Peray%20P%2C%20Gruber%20A%2C%20Leffondre%20K%2C%20et%20al.%20Mobile%20phone%20use%20and%20brain%20tumours%20in%20the%20CERENAT%20case-control%20study.%20Occup%20Environ%20Med.%202014%20Jul%3B71(7)%3A514-522.
https://doi.org/10.1093/jnci/djp415
https://www.scopus.com/inward/record.url?eid=2-s2.0-72649106162&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Deltour%20I%2C%20Johansen%20C%2C%20Auvinen%20A%2C%20Feychting%20M%2C%20Klaeboe%20L%2C%20Schuz%20J.%20Time%20trends%20in%20brain%20tumor%20incidence%20rates%20in%20Denmark%2C%20Finland%2C%20Norway%2C%20and%20Sweden%2C%201974-2003.%20J%20Natl%20Cancer%20Inst.%202009%20Dec%2016%3B101(24)%3A1721-1724.


Eskelinen et al., 2002

Feychting, 2005

Gurney and van Wijngaarden, 1999

Habermann et al., 2010

Helseth, 1995

Hoffman et al., 2006

Epidemiol Camb Mass, 24 (2) (2013 Mar), pp. 184-190

T. Eskelinen, J. Keinänen, H. Salonen, J. Juutilainen

Use of spot measurements for assessing residential

ELF magnetic field exposure: a validity study

Bioelectromagnetics, 23 (2) (2002 Feb), pp. 173-176

M. Feychting

Non-cancer EMF effects related to children

Bioelectromagnetics, Suppl 7 (2005), pp. S69-S74

J.G. Gurney, E. van Wijngaarden

Extremely low frequency electromagnetic fields

(EMF) and brain cancer in adults and children:

review and comment

Neuro Oncol., 1 (3) (1999 Jul), pp. 212-220

M. Habermann, I. Marcílio, M. Lopes, R. Prado,

M. Souza, N. Gouveia

Social inequality and exposure to magnetic fields in

the metropolitan region of São Paulo, Southeastern

Brazil

Rev. Saude Publica, 44 (4) (2010 Aug), pp. 703-709

A. Helseth

The incidence of primary central nervous system

neoplasms before and after computerized

tomography availability

J. Neurosurg., 83 (6) (1995 Dec), pp. 999-1003

S. Hoffman, J.M. Propp, B.J. McCarthy

Temporal trends in incidence of primary brain

tumors in the United States, 1985-1999

Neuro Oncol., 8 (1) (2006 Jan), pp. 27-37

View in Scopus Google Scholar

View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

https://www.scopus.com/inward/record.url?eid=2-s2.0-84873406498&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Elliott%20P%2C%20Shaddick%20G%2C%20Douglass%20M%2C%20de%20Hoogh%20K%2C%20Briggs%20DJ%2C%20Toledano%20MB.%20Adult%20cancers%20near%20high-voltage%20overhead%20power%20lines.%20Epidemiol%20Camb%20Mass.%202013%20Mar%3B24(2)%3A184-190.
https://www.scopus.com/inward/record.url?eid=2-s2.0-2442589618&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Eskelinen%20T%2C%20Keinanen%20J%2C%20Salonen%20H%2C%20Juutilainen%20J.%20Use%20of%20spot%20measurements%20for%20assessing%20residential%20ELF%20magnetic%20field%20exposure%3A%20a%20validity%20study.%20Bioelectromagnetics.%202002%20Feb%3B23(2)%3A173-176.
https://doi.org/10.1002/bem.20153
https://www.scopus.com/inward/record.url?eid=2-s2.0-27144506021&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Non-cancer%20EMF%20effects%20related%20to%20children&publication_year=2005&author=M.%20Feychting
https://www.scopus.com/inward/record.url?eid=2-s2.0-0033157160&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Gurney%20JG%2C%20van%20Wijngaarden%20E.%20Extremely%20low%20frequency%20electromagnetic%20fields%20(EMF)%20and%20brain%20cancer%20in%20adults%20and%20children%3A%20review%20and%20comment.%20Neuro-Oncol.%201999%20Jul%3B1(3)%3A212-220.
https://doi.org/10.1590/S0034-89102010000400014
https://www.scopus.com/inward/record.url?eid=2-s2.0-77955405212&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Habermann%20M%2C%20Marcilio%20I%2C%20Lopes%20M%2C%20Prado%20R%2C%20Souza%20M%2C%20Gouveia%20N.%20Social%20inequality%20and%20exposure%20to%20magnetic%20fields%20in%20the%20metropolitan%20region%20of%20Sao%20Paulo%2C%20Southeastern%20Brazil.%20Rev%20Saude%20Publica.%202010%20Aug%3B44(4)%3A703-709.
https://doi.org/10.3171/jns.1995.83.6.0999
https://www.scopus.com/inward/record.url?eid=2-s2.0-0029563317&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Helseth%20A.%20The%20incidence%20of%20primary%20central%20nervous%20system%20neoplasms%20before%20and%20after%20computerized%20tomography%20availability.%20J%20Neurosurg.%201995%20Dec%3B83(6)%3A999-1003.


http://www.rte-france.com, 2016

Huss et al., 2009

IARC, 2002

Institut de l Information Geographique et forestiere

Institut de l'InformationGéographiqueetforestière. Base de données BD

TOPO

Kheifets et al., 2008

15th

http://www.rte-france.com/Consulted , Accessed Sep 2016

A. Huss, A. Spoerri, M. Egger, M. Röösli, Swiss National

Cohort Study

Residence near power lines and mortality from

neurodegenerative diseases: longitudinal study of

the Swiss population

Am. J. Epidemiol., 169 (2) (2009 Jan 15), pp. 167-175

Iarc

Monographs on the Evaluation of Carcinogenic Risks

to Humans. Non-ionizing Radiation, Part 1: Static and

Extremely Low-Frequency

(ELF) electric and magnetic fields, vol. 80 (2002), p. 445p

Institut de

l'Information Géographique et forestière

Base de données Point Adresse

http://professionnels.ign.fr/sites/default/files/DC_POINTADRESSE

_2-1.pdf

Institut de l'Information Géographique et forestière Base de

données BD TOPO.

http://professionnels.ign.fr/sites/default/files/DC_BDTOPO_

2-1.pdf .

L. Kheifets, J. Monroe, X. Vergara, G. Mezei, A.A. Afifi

Occupational electromagnetic fields and leukemia

and brain cancer: an update to two meta-analyses

View in Scopus Google Scholar

Google Scholar

View in Scopus Google Scholar

Google Scholar

Google Scholar

Google Scholar

http://www.rte-france.com/Consulted
http://professionnels.ign.fr/sites/default/files/DC_POINTADRESSE_2-1.pdf
http://professionnels.ign.fr/sites/default/files/DC_BDTOPO_2-1.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-31544454680&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Hoffman%20S%2C%20Propp%20JM%2C%20McCarthy%20BJ.%20Temporal%20trends%20in%20incidence%20of%20primary%20brain%20tumors%20in%20the%20United%20States%2C%201985-1999.%20Neuro-Oncol.%202006%20Jan%3B8(1)%3A27-37.
https://scholar.google.com/scholar?q=http%3A%2F%2Fwww.rte-france.com%2F%20Consulted%20on%2015th%20september%202016.
https://www.scopus.com/inward/record.url?eid=2-s2.0-58449127775&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Huss%20A%2C%20Spoerri%20A%2C%20Egger%20M%2C%20Roosli%20M%2C%20Swiss%20National%20Cohort%20Study.%20Residence%20near%20power%20lines%20and%20mortality%20from%20neurodegenerative%20diseases%3A%20longitudinal%20study%20of%20the%20Swiss%20population.%20Am%20J%20Epidemiol.%202009%20Jan%2015%3B169(2)%3A167-175.
https://scholar.google.com/scholar_lookup?title=Monographs%20on%20the%20Evaluation%20of%20Carcinogenic%20Risks%20to%20Humans.%20Non-ionizing%20Radiation%2C%20Part%201%3A%20Static%20and%20Extremely%20Low-Frequency&publication_year=2002&author=Iarc
https://scholar.google.com/scholar?q=Institut%20de%20l%E2%80%99Information%20Geographique%20et%20forestiere.%20Base%20de%20donnees%20Point%20Adresse.%20http%3A%2F%2Fprofessionnels.ign.fr%2Fsites%2Fdefault%2Ffiles%2FDC_POINTADRESSE_2-1.pdf.
https://scholar.google.com/scholar?q=Institut%20de%20l%27Information%20G%C3%A9ographique%20et%20foresti%C3%A8re%20Base%20de%20donn%C3%A9es%20BD%20TOPO.%20http%3A%2F%2Fprofessionnels.ign.fr%2Fsites%2Fdefault%2Ffiles%2FDC_BDTOPO_2-1.pdf.


Kheifets et al., 2010

Kheifets et al., 2015

Kliukiene et al., 2004

Künzli et al., 1996

Lash et al., 2014

J Occup Environ Med Am Coll Occup Environ Med, 50 (6) (2008

Jun), pp. 677-688

L. Kheifets, A. Ahlbom, C.M. Crespi, M. Feychting, C.

Johansen, J. Monroe, et al.

A pooled analysis of extremely low-frequency

magnetic fields and childhood brain tumors

Am. J. Epidemiol., 172 (7) (2010 Oct 1), pp. 752-761

L. Kheifets, C.M. Crespi, C. Hooper, S. Oksuzyan, M.

Cockburn, T. Ly, et al.

Epidemiologic study of residential proximity to

transmission lines and childhood cancer in

California: description of design, epidemiologic

methods and study population

J. Expo. Sci. Environ. Epidemiol., 25 (1) (2015 Jan), pp. 45-52

J. Kliukiene, T. Tynes, A. Andersen

Residential and occupational exposures to 50-Hz

magnetic fields and breast cancer in women: a

population-based study

Am. J. Epidemiol., 159 (9) (2004 May 1), pp. 852-861

N. Künzli, F. Lurman, M. Segal, L. Ngo, J. Balmes, I.B.

Tager

Reliability of lifetime residential history and activity

measures as elements of cumulative ambient ozone

exposure assessment

J. Expo. Anal. Environ. Epidemiol., 6 (3) (1996 Sep), pp. 289-310

T.L. Lash, M.P. Fox, R.F. MacLehose, G. Maldonado, L.C.

McCandless, S. Greenland

Good practices for quantitative bias analysis

Int. J. Epidemiol., 43 (6) (2014 Dec), pp. 1969-1985

View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

View in Scopus Google Scholar

View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

https://www.scopus.com/inward/record.url?eid=2-s2.0-58949093500&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Kheifets%20L%2C%20Monroe%20J%2C%20Vergara%20X%2C%20Mezei%20G%2C%20Afifi%20AA.%20Occupational%20electromagnetic%20fields%20and%20leukemia%20and%20brain%20cancer%3A%20an%20update%20to%20two%20meta-analyses.%20J%20Occup%20Environ%20Med%20Am%20Coll%20Occup%20Environ%20Med.%202008%20Jun%3B50(6)%3A677-688.
https://doi.org/10.1093/aje/kwq181
https://www.scopus.com/inward/record.url?eid=2-s2.0-77957308282&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Kheifets%20L%2C%20Ahlbom%20A%2C%20Crespi%20CM%2C%20Feychting%20M%2C%20Johansen%20C%2C%20Monroe%20J%2C%20et%20al.%20A%20pooled%20analysis%20of%20extremely%20low-frequency%20magnetic%20fields%20and%20childhood%20brain%20tumors.%20Am%20J%20Epidemiol.%202010%20Oct%201%3B172(7)%3A752-761.
https://doi.org/10.1038/jes.2013.48
https://www.scopus.com/inward/record.url?eid=2-s2.0-84927174062&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Kheifets%20L%2C%20Crespi%20CM%2C%20Hooper%20C%2C%20Oksuzyan%20S%2C%20Cockburn%20M%2C%20Ly%20T%2C%20et%20al.%20Epidemiologic%20study%20of%20residential%20proximity%20to%20transmission%20lines%20and%20childhood%20cancer%20in%20California%3A%20description%20of%20design%2C%20epidemiologic%20methods%20and%20study%20population.%20J%20Expo%20Sci%20Environ%20Epidemiol.%202015%20Jan%3B25(1)%3A45-52.
https://www.scopus.com/inward/record.url?eid=2-s2.0-2342644900&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Kliukiene%20J%2C%20Tynes%20T%2C%20Andersen%20A.%20Residential%20and%20occupational%20exposures%20to%2050-Hz%20magnetic%20fields%20and%20breast%20cancer%20in%20women%3A%20a%20population-based%20study.%20Am%20J%20Epidemiol.%202004%20May%201%3B159(9)%3A852-861.
https://www.scopus.com/inward/record.url?eid=2-s2.0-0029909864&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Kunzli%20N%2C%20Lurman%20F%2C%20Segal%20M%2C%20Ngo%20L%2C%20Balmes%20J%2C%20Tager%20IB.%20Reliability%20of%20lifetime%20residential%20history%20and%20activity%20measures%20as%20elements%20of%20cumulative%20ambient%20ozone%20exposure%20assessment.%20J%20Expo%20Anal%20Environ%20Epidemiol.%201996%20Sep%3B6(3)%3A289-310.
https://doi.org/10.1093/ije/dyu149
https://www.scopus.com/inward/record.url?eid=2-s2.0-84908441480&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Lash%20TL%2C%20Fox%20MP%2C%20MacLehose%20RF%2C%20Maldonado%20G%2C%20McCandless%20LC%2C%20Greenland%20S.%20Good%20practices%20for%20quantitative%20bias%20analysis.%20Int%20J%20Epidemiol.%202014%20Dec%3B43(6)%3A1969-1985.


Malagoli et al., 2010

Marcilio et al., 2011

McBride et al., 1999

McCarthy and Kruchko, 2005

Olsen et al., 1993

On line Geocoder. Availab

C. Malagoli, S. Fabbi, S. Teggi, M. Calzari, M. Poli, E.

Ballotti, et al.

Risk of hematological malignancies associated with

magnetic fields exposure from power lines: a case-

control study in two municipalities of northern Italy

Environ Health Glob Access Sci Source, 9 (2010), p. 16

I. Marcilio, N. Gouveia, M.L. Pereira Filho, L. Kheifets

Adult mortality from leukemia, brain cancer,

amyotrophic lateral sclerosis and magnetic fields

from power lines: a case-control study in Brazil

Rev Bras Epidemiol Braz J Epidemiol, 14 (4) (2011 Dec), pp. 580-588

M.L. McBride, R.P. Gallagher, G. Thériault, B.G.

Armstrong, S. Tamaro, J.J. Spinelli, et al.

Power-frequency electric and magnetic fields and

risk of childhood leukemia in Canada

Am. J. Epidemiol., 149 (9) (1999 May 1), pp. 831-842

B.J. McCarthy, C. Kruchko

Central Brain Tumor Registry of the United States.

Consensus conference on cancer registration of brain

and central nervous system tumors

Neuro Oncol., 7 (2) (2005 Apr), pp. 196-201

J.H. Olsen, A. Nielsen, G. Schulgen

Residence near high voltage facilities and risk of

cancer in children

BMJ, 307 (6909) (1993 Oct 9), pp. 891-895

On line Geocoder. Available from:

http://dehaese.free.fr/Gmaps/testGeocoder.htm

View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

Google Scholar

http://dehaese.free.fr/Gmaps/testGeocoder.htm
https://www.scopus.com/inward/record.url?eid=2-s2.0-77950415441&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Risk%20of%20hematological%20malignancies%20associated%20with%20magnetic%20fields%20exposure%20from%20power%20lines%3A%20a%20case-control%20study%20in%20two%20municipalities%20of%20northern%20Italy&publication_year=2010&author=C.%20Malagoli&author=S.%20Fabbi&author=S.%20Teggi&author=M.%20Calzari&author=M.%20Poli&author=E.%20Ballotti
https://doi.org/10.1590/S1415-790X2011000400005
https://www.scopus.com/inward/record.url?eid=2-s2.0-84856017719&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Marcilio%20I%2C%20Gouveia%20N%2C%20Pereira%20Filho%20ML%2C%20Kheifets%20L.%20Adult%20mortality%20from%20leukemia%2C%20brain%20cancer%2C%20amyotrophic%20lateral%20sclerosis%20and%20magnetic%20fields%20from%20power%20lines%3A%20a%20case-control%20study%20in%20Brazil.%20Rev%20Bras%20Epidemiol%20Braz%20J%20Epidemiol.%202011%20Dec%3B14(4)%3A580-588.
https://doi.org/10.1093/oxfordjournals.aje.a009899
https://www.scopus.com/inward/record.url?eid=2-s2.0-0033134629&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=McBride%20ML%2C%20Gallagher%20RP%2C%20Theriault%20G%2C%20Armstrong%20BG%2C%20Tamaro%20S%2C%20Spinelli%20JJ%2C%20et%20al.%20Power-frequency%20electric%20and%20magnetic%20fields%20and%20risk%20of%20childhood%20leukemia%20in%20Canada.%20Am%20J%20Epidemiol.%201999%20May%201%3B149(9)%3A831-842.
https://doi.org/10.1215/S115285170400050X
https://www.scopus.com/inward/record.url?eid=2-s2.0-17844400780&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=McCarthy%20BJ%2C%20Kruchko%20C%2C%20Central%20Brain%20Tumor%20Registry%20of%20the%20United%20States.%20Consensus%20conference%20on%20cancer%20registration%20of%20brain%20and%20central%20nervous%20system%20tumors.%20Neuro-Oncol.%202005%20Apr%3B7(2)%3A196-201.
https://doi.org/10.1136/bmj.307.6909.891
https://www.scopus.com/inward/record.url?eid=2-s2.0-0027359188&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Olsen%20JH%2C%20Nielsen%20A%2C%20Schulgen%20G.%20Residence%20near%20high%20voltage%20facilities%20and%20risk%20of%20cancer%20in%20children.%20BMJ.%201993%20Oct%209%3B307(6909)%3A891-895.
https://scholar.google.com/scholar?q=On%20line%20Geocoder.%20Available%20from%20http%3A%2F%2Fdehaese.free.fr%2FGmaps%2FtestGeocoder.htm.


Pan Ké Shon, 2004

Pedersen et al., 2014

Pouchieu et al., 2016

SCENIHR. Health, 2009

Schoenfeld et al., 1999

Sermage-Faure et al., 2013

J.L. Pan Ké Shon

Déterminants de la non-inscription électorale et

quartiers sensibles en France

Population, 59 (2004), pp. 147-160

C. Pedersen, O. Raaschou-Nielsen, N.H. Rod, P. Frei,

A.H. Poulsen, C. Johansen, et al.

Distance from residence to power line and risk of

childhood leukemia: a population-based case-control

study in Denmark

Cancer Causes Control CCC, 25 (2) (2014 Feb), pp. 171-177

C. Pouchieu, I. Baldi, A. Gruber, E. Berteaud, C.

Carles, H. Loiseau

Descriptive epidemiology and risk factors of primary

central nervous system tumors: current knowledge

Rev. Neurol. (Paris), 172 (1) (2016 Jan), pp. 46-55

SCENIHR. Health

Effects of Exposure to EMF. Brussels: European

Commission, Health and Consumers

(2009)

DG:83pp.

E.R. Schoenfeld, K. Henderson, E. O'Leary, R.

Grimson, W. Kaune, M.C. Leske

Magnetic field exposure assessment: a comparison of

various methods

Bioelectromagnetics, 20 (8) (1999 Dec), pp. 487-496

C. Sermage-Faure, C. Demoury, J. Rudant, S.

Goujon-Bellec, A. Guyot-Goubin, F. Deschamps, et al.

Crossref Google Scholar

Crossref View in Scopus Google Scholar

View PDF View article View in Scopus

Google Scholar

Google Scholar

View in Scopus Google Scholar

https://doi.org/10.3917/popu.401.0147
https://scholar.google.com/scholar_lookup?title=D%C3%A9terminants%20de%20la%20non-inscription%20%C3%A9lectorale%20et%20quartiers%20sensibles%20en%20France&publication_year=2004&author=J.L.%20Pan%20K%C3%A9%20Shon
https://doi.org/10.1007/s10552-013-0319-5
https://www.scopus.com/inward/record.url?eid=2-s2.0-84893664326&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Pedersen%20C%2C%20Raaschou-Nielsen%20O%2C%20Rod%20NH%2C%20Frei%20P%2C%20Poulsen%20AH%2C%20Johansen%20C%2C%20et%20al.%20Distance%20from%20residence%20to%20power%20line%20and%20risk%20of%20childhood%20leukemia%3A%20a%20population-based%20case-control%20study%20in%20Denmark.%20Cancer%20Causes%20Control%20CCC.%202014%20Feb%3B25(2)%3A171-177.
https://www.sciencedirect.com/science/article/pii/S0035378715009200
https://www.scopus.com/inward/record.url?eid=2-s2.0-84930735811&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Pouchieu%20C%2C%20Baldi%20I%2C%20Gruber%20A%2C%20Berteaud%20E%2C%20Carles%20C%2C%20Loiseau%20H.%20Descriptive%20epidemiology%20and%20risk%20factors%20of%20primary%20central%20nervous%20system%20tumors%3A%20Current%20knowledge.%20Rev%20Neurol%20(Paris).%202016%20Jan%3B172(1)%3A46-55.
https://www.sciencedirect.com/science/article/pii/S0035378715009200/pdfft?md5=4507406652d2f2b3d0aa266dc81d9f06&pid=1-s2.0-S0035378715009200-main.pdf
https://scholar.google.com/scholar_lookup?title=Effects%20of%20Exposure%20to%20EMF.%20Brussels%3A%20European%20Commission%2C%20Health%20and%20Consumers&publication_year=2009&author=SCENIHR.%20Health
https://www.scopus.com/inward/record.url?eid=2-s2.0-0033257905&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Schoenfeld%20ER%2C%20Henderson%20K%2C%20O%E2%80%99Leary%20E%2C%20Grimson%20R%2C%20Kaune%20W%2C%20Leske%20MC.%20Magnetic%20field%20exposure%20assessment%3A%20a%20comparison%20of%20various%20methods.%20Bioelectromagnetics.%201999%20Dec%3B20(8)%3A487-496.


Umansky et al., 2008

Valjus et al., 1995

Verkasalo et al., 1993

Wartenberg et al., 1993

Wrensch et al., 2002

Childhood leukaemia close to high-voltage power

lines--the Geocap study, 2002-2007

Br. J. Canc., 108 (9) (2013 May 14), pp. 1899-1906

F. Umansky, Y. Shoshan, G. Rosenthal, S. Fraifeld,

S. Spektor

Radiation-induced meningioma

Neurosurg. Focus, 24 (5) (2008), p. E7

J. Valjus, M. Hongisto, P. Verkasalo, P. Järvinen, K.

Heikkilä, M. Koskenvuo

Residential exposure to magnetic fields generated by

110-400 kV power lines in Finland

Bioelectromagnetics, 16 (6) (1995), pp. 365-376

P.K. Verkasalo, E. Pukkala, M.Y. Hongisto, J.E.

Valjus, P.J. Järvinen, K.V. Heikkilä, et al.

Risk of cancer in Finnish children living close to

power lines

BMJ, 307 (6909) (1993 Oct 9), pp. 895-899

D. Wartenberg, M. Greenberg, R. Lathrop

Identification and characterization of populations

living near high-voltage transmission lines: a pilot

study

Environ. Health Perspect., 101 (7) (1993 Dec), pp. 626-632

M. Wrensch, Y. Minn, T. Chew, M. Bondy, M.S.

Berger

Epidemiology of primary brain tumors: current

concepts and review of the literature

Neuro Oncol., 4 (4) (2002 Oct), pp. 278-299

Crossref View in Scopus Google Scholar

View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

Crossref View in Scopus Google Scholar

View in Scopus Google Scholar

View in Scopus Google Scholar

https://doi.org/10.1038/bjc.2013.128
https://www.scopus.com/inward/record.url?eid=2-s2.0-84878579697&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Sermage-Faure%20C%2C%20Demoury%20C%2C%20Rudant%20J%2C%20Goujon-Bellec%20S%2C%20Guyot-Goubin%20A%2C%20Deschamps%20F%2C%20et%20al.%20Childhood%20leukaemia%20close%20to%20high-voltage%20power%20lines--the%20Geocap%20study%2C%202002-2007.%20Br%20J%20Cancer.%202013%20May%2014%3B108(9)%3A1899-1906.
https://www.scopus.com/inward/record.url?eid=2-s2.0-45549094329&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Radiation-induced%20meningioma&publication_year=2008&author=F.%20Umansky&author=Y.%20Shoshan&author=G.%20Rosenthal&author=S.%20Fraifeld&author=S.%20Spektor
https://doi.org/10.1002/bem.2250160604
https://www.scopus.com/inward/record.url?eid=2-s2.0-0029439901&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Residential%20exposure%20to%20magnetic%20fields%20generated%20by%20110-400%20kV%20power%20lines%20in%20Finland&publication_year=1995&author=J.%20Valjus&author=M.%20Hongisto&author=P.%20Verkasalo&author=P.%20J%C3%A4rvinen&author=K.%20Heikkil%C3%A4&author=M.%20Koskenvuo
https://doi.org/10.1136/bmj.307.6909.895
https://www.scopus.com/inward/record.url?eid=2-s2.0-0027488466&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Verkasalo%20PK%2C%20Pukkala%20E%2C%20Hongisto%20MY%2C%20Valjus%20JE%2C%20Jarvinen%20PJ%2C%20Heikkila%20KV%2C%20et%20al.%20Risk%20of%20cancer%20in%20Finnish%20children%20living%20close%20to%20power%20lines.%20BMJ.%201993%20Oct%209%3B307(6909)%3A895-899.
https://www.scopus.com/inward/record.url?eid=2-s2.0-0027769638&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Wartenberg%20D%2C%20Greenberg%20M%2C%20Lathrop%20R.%20Identification%20and%20characterization%20of%20populations%20living%20near%20high-voltage%20transmission%20lines%3A%20a%20pilot%20study.%20Environ%20Health%20Perspect.%201993%20Dec%3B101(7)%3A626-632.
https://www.scopus.com/inward/record.url?eid=2-s2.0-0036787611&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar?q=Wrensch%20M%2C%20Minn%20Y%2C%20Chew%20T%2C%20Bondy%20M%2C%20Berger%20MS.%20Epidemiology%20of%20primary%20brain%20tumors%3A%20current%20concepts%20and%20review%20of%20the%20literature.%20Neuro-Oncol.%202002%20Oct%3B4(4)%3A278-299.


Recommended articles

Based on reading popularity

Research article

Antibiotic exposure among children younger than 5 years in low-income and middle-income

countries: a cross-sectional study of nationally representative facility-based and household-based

surveys

Günther Fink, …, Jessica Cohen

The Lancet Infectious Diseases • Volume 20, Issue 2 • 2020 • Pages 179-187

Research article Full text access

Impact of transposable elements on genome size variation between two closely related crustacean

species

Thomas Becking, …, Richard Cordaux

Analytical Biochemistry • Volume 600 • 2020 • Article 113770

View PDF

Review article Open access

Eradicating hepatitis B virus: The critical role of preventing perinatal transmission

Cladd E. Stevens, …, Girish N. Vyas

Biologicals • Volume 50 • 2017 • Pages 3-19

View PDF

Case report Open access

Unusual progression of an adult-onset subacute sclerosing panencephalitis (SSPE) in Turkey

Ezgi Vural, …, Ipek Midi

Epilepsy & Behavior Reports • Volume 12 • 2019 • Article 100332

View PDF

Research article

An Updated Comparison Between World Health Organization Grade II Gemistocytic and Diffuse

Astrocytoma Survival and Treatment Patterns

Adrian Rodrigues, …, Melanie Hayden-Gephart

World Neurosurgery • Volume 158 • 2022 • Pages e903-e913

https://www.sciencedirect.com/science/article/pii/S1473309919305729
https://www.sciencedirect.com/science/article/pii/S000326972030302X
https://www.sciencedirect.com/science/article/pii/S000326972030302X/pdfft?md5=08689b79a77d612750d28c02ca78fae8&pid=1-s2.0-S000326972030302X-main.pdf
https://www.sciencedirect.com/science/article/pii/S1045105617301033
https://www.sciencedirect.com/science/article/pii/S1045105617301033/pdfft?md5=41449d371247eba1a4a7979d08e416e2&pid=1-s2.0-S1045105617301033-main.pdf
https://www.sciencedirect.com/science/article/pii/S2589986419300632
https://www.sciencedirect.com/science/article/pii/S2589986419300632/pdfft?md5=09cd11450d8b0e7f15d8084be8880591&pid=1-s2.0-S2589986419300632-mainext.pdf
https://www.sciencedirect.com/science/article/pii/S1878875021018003


Research article

Prevalence and correlates of concussion in children: Data from the Adolescent Brain Cognitive

Development study

Steven C. Dufour, …, Joshua C. Gray

Cortex • Volume 131 • 2020 • Pages 237-250

Cited by (25)

Research article Open access

Wireless phone use in childhood and adolescence and neuroepithelial brain tumours: Results from

the international MOBI-Kids study

Castaño-Vinyals G., …, Cardis E.

Environment International • Volume 160 • 2022 • Article 107069

Citation Excerpt:

…Estimated ORs were 0.95 (95% CI 0.59–1.56) and 1.25 (95% CI 0.93–1.61), respectively at these two exposure

levels. Studies of the effects of exposure on risk of adult brain tumours are mixed, with a meta-analysis of

occupational studies reporting an 18% increase in the risk of glioma for higher ELF exposure levels (Kheifets et

2008), with no clear pattern of risk, and conflicting results in relation to residential ELF exposure (Baldi et al.,

2011; Carles et al., 2020; Elliott et al., 2013; Khan et al., 2021; Marcilio et al., 2011). With the considerable incr

in use in children and adolescents in the last 15 years, an important question is the possible effect of mobile

phones on BTs in young people.…

Show abstract

Review article Open access

Homo sapiens—A Species Not Designed for Space Flight: Health Risks in Low Earth Orbit and Beyo

Including Potential Risks When Traveling beyond the Geomagnetic Field of Earth

Hart D.A.

Life • Volume 13 • 2023 • Article 757

Show abstract

Unveiling the biological effects of radio-frequency and extremely-low frequency electromagnetic

fields on the central nervous system performance

Eskandani R., Zibaii M.I.

BioImpacts • Volume 14 • 2024 • Article e30064

Epidemiology of Brain and Other CNS Tumors

https://www.sciencedirect.com/science/article/pii/S0010945220302756
https://www.sciencedirect.com/science/article/pii/S0160412021006942
http://www.scopus.com/scopus/inward/record.url?partnerID=10&rel=3.0.0&view=basic&eid=2-s2.0-85151344154&md5=91a2774961f8143e8f0f186cbcdcfba
http://www.scopus.com/scopus/inward/record.url?partnerID=10&rel=3.0.0&view=basic&eid=2-s2.0-85198900813&md5=6e4785a9e415ec59cc83bcc65d55e2
http://www.scopus.com/scopus/inward/record.url?partnerID=10&rel=3.0.0&view=basic&eid=2-s2.0-85119850786&md5=ec7a2e214a3cd0bafc86c831e243105


Ostrom Q.T., …, Barnholtz-Sloan J.S.

Current Neurology and Neuroscience Reports • Volume 21 • 2021 • Article 68

Epigenetic dysregulation in various types of cells exposed to extremely low-frequency magnetic fi

Giorgi G., del Re B.

Cell and Tissue Research • Volume 386 • 2021

Magnetic Fields and Cancer: Epidemiology, Cellular Biology, and Theranostics

Maffei M.E.

International Journal of Molecular Sciences • Volume 23 • 2022 • Article 1339

View all citing articles on Scopus

Metrics

Citations

Citation Indexes

Policy Citations

Captures

Mendeley Readers

Mentions

News Mentions

Social Media

Shares, Likes & Comments

View deta

© 2020 The Authors. Published by Elsevier Inc.

http://www.scopus.com/scopus/inward/record.url?partnerID=10&rel=3.0.0&view=basic&eid=2-s2.0-85110633175&md5=8172fe3bfe2dc2a842421e376e4a85
http://www.scopus.com/scopus/inward/record.url?partnerID=10&rel=3.0.0&view=basic&eid=2-s2.0-85123882561&md5=ddea2c52f9f5a3aa3a47ba1bd53815be
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85082839124&md5=36f80eab23ceb48a1e71bb6ab19e225
https://plu.mx/plum/a/?doi=10.1016%2Fj.envres.2020.109473&theme=plum-sciencedirect-theme&hideUsage=true


All content on this site: Copyright © 2026 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, 

similar technologies. For all open access content, the relevant licensing terms apply.

https://www.elsevier.com/
https://www.relx.com/

