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Abstract Some concern has arisen about adverse health

effects of cell phones, especially the possibility that the low

power microwave-frequency signal transmitted by the

antennas on handsets might cause brain tumors or accelerate

the growth of subclinical tumors. We analyzed data from the

Statistical Report: Primary Brain Tumors in the United

States, 2000–2004 and 2007 cell phone subscription data

from the Governing State and Local Sourcebook. There was

a significant correlation between number of cell phone

subscriptions and brain tumors in nineteen US states

(r = 0.950, P \ 0.001). Because increased numbers of both

cell phone subscriptions and brain tumors could be due

solely to the fact that some states, such as New York, have

much larger populations than other states, such as North

Dakota, multiple linear regression was performed with

number of brain tumors as the dependent variable, cell phone

subscriptions, population, mean family income and mean

age as independent variables. The effect of cell phone sub-

scriptions was significant (P = 0.017), and independent of

the effect of mean family income (P = 0.894), population

(P = 0.003) and age (0.499). The very linear relationship

between cell phone usage and brain tumor incidence is

disturbing and certainly needs further epidemiological

evaluation. In the meantime, it would be prudent to limit

exposure to all sources of electro-magnetic radiation.
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Cell phones were introduced to the U.S. in 1984 but were

not widely adopted until the mid-1990s. By early 2000,

the number of subscribers to cell phone services had

grown to an estimated 92 million in the United States

and 500 million worldwide. Some concern has arisen

about adverse health effects, especially the possibility

that the low power microwave-frequency signal trans-

mitted by the antennas on handsets might cause brain

tumors or accelerate the growth of subclinical tumors.

Inskip et al. performed a case control study and con-

cluded that their data did not support the hypothesis that

the recent use of cell phones causes brain tumors, but the

data were not sufficient to evaluate the risks among long-

term, heavy users [1]. Hardell et al. performed a meta

analysis of two cohort studies and 16 case–control studies

and reported that long-term use (10 years or more) of

cell phones long term use has been associated with

increased risk of brain tumors [2]. Myung et al. found

possible evidence linking mobile phone use to an

increased risk of tumors from a meta-analysis of low-

biased case–control studies [3]. A World Health Orga-

nization study has shown a significantly increased risk of

some brain tumors related to use of cell phones for a

period of 10 years or more [4]. The Interphone Study

Group found no overall increase in risk of glioma or

meningioma with use of mobile phones; but there were

suggestions of an increased risk of glioma at the highest

exposure levels, though biases and error prevented a

causal interpretation [5].

In the current study we examined the relation of

cell phone subscriptions to brain tumor incidence by

US state.
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Methods

The following sources were used:

Reports of brain tumor incidence 2000–2004 and pop-

ulation from 19 U.S. states: Az, Co, Ct, De, Id, Ma, Me,

Mn, Mt, NC, ND, NM, NY, RI, SD, Tx, Ut, Va, WV, data

from Table 9 of Ref. [6]. These 19 states were chosen

because their cancer registries responded to the request of

the Central Brain Tumor Registry of the United States for

brain tumor data. Brain tumor types are shown in Table 1,

which is derived from Table 1 of Ref. [6].

2007 Cell phone subscriber data from the Governing State

and Local Sourcebook (http://sourcebook.governing.com).

Mean population age and income by state 2004–2006

from www.census.gov.

Results

There was a significant correlation between number of cell

phone subscriptions and brain tumors (r = 0.950,

P \ 0.001, Fig. 1). Because increased numbers of both cell

phone subscriptions and brain tumors could be due solely

to the fact that some states, such as New York, have much

larger populations than other states, such as North Dakota,

multiple linear regression was performed with number of

brain tumors as the dependent variable, cell phone sub-

scriptions, population, mean income (i.e socioeconomic

status) and mean age as independent variables. The effect

of cell phone subscriptions was significant (P = 0.017),

and independent of the effect of mean income (P = 0.894),

population (P = 0.003) and age (0.499).

Discussion

The association of cell phones and brain tumors remains

controversial. The only documented adverse effect from

cell phones is an increased risk of automobile crashes when

the phones are used while driving. Moreover, the lack of

ionizing radiation and the low energy level emitted from

cell phones and absorbed by human tissues have led many

investigators to doubt that these devices cause cancer [7].

Table 1 Types of brain tumors included in analysis (Information

from Table 1 of reference 6)

Tumors of neuroepithelial tissue

Pilocytic astrocytoma

Protoplasmic and fibrillary astrocytoma

Anaplastic astrocytoma

Unique astrocytoma variants

Astrocytoma, not otherwise specified

Glioblastoma

Oligodendroglioma

Anaplastic oligodendroglioma

Ependymoma/anaplastic ependymoma

Ependymoma variants

Mixed glioma

Glioma malignant, not otherwise specified Choroid plexus

Neuroepithelial

Non-malignant and malignant neuronal/glial, neuronal and mixed

Pineal parenchymal

Embryonal/primitive/medulloblastoma

Tumors of cranial and spinal nerves

Nerve sheath, non-malignant and malignant

Other tumors of cranial and spinal nerves

Tumors of meninges

Meningioma

Other mesenchymal, non-malignant and malignant

Hemangioblastoma

Lymphomas and hemopoietic neoplasms

Lymphoma

Germ cell tumors and cysts

Germ cell tumors, cysts and heterotopias

Tumors of sellar region

Pituitary craniopharyngioma

Local extensions from regional tumors

Chordoma/chondrosarcoma

Unclassified tumors

Hemangioma

Neoplasm, unspecified

All other

Fig. 1 Log US cell phone subscriptions 2007 versus log brain tumors

reported to the Central Brain Tumor Registry of the United States

(2000–2004) in 19 U.S. states. There is a significant correlation

(r = 0.950, P \ 0.001)
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However, several animal studies have shown dysfunc-

tion of the blood–brain barrier caused by radiofrequency

fields [8, 9]. Leakage of albumin into the brain has been

demonstrated. The blood brain barrier consists of endo-

thelial cells and the end-feet of astrocytes. Thus, one

mechanism might be that microwaves induce blood brain

barrier dysfunction so that carcinogenic substances may

leak into the brain; the astrocytes especially might be

exposed. There is some support for this mechanism in the

study of Hardell and Carlberg, who found an increased risk

for astrocytoma but not other types of malignant brain

tumors [2]. An interaction with microwaves themselves

might exist, since microwaves have been shown to induce

several non-thermal effects in experimental studies,

including free radicals [10, 11].

A weakness in the analysis that we have presented here

is that tumor type was not taken into account. Indeed,

Ahlbom et al., suggest that the risk associated with cell

phone use may differ with tumor type [12]. Similarly, a

meta-analysis by Khurana et al. demonstrated a significant

cell phone effect when gliomas and acoustic neuromas

were considered, but the observed effect did not extend to

meningiomas [13].

It would be worthwhile to see if a linear relationship

exists between cell phone subscriptions in each state and

brain tumor incidence. Also, it might be possible to identify

the type of tumors that have increased with cell phone

subscriptions. Moreover, the cell phone-brain tumor rela-

tionship would be strongly supported if the numbers from

each individual state showed similar linear relationships

(thus ruling out, for example, that the increased number of

brain tumors might be a disproportionate and disparate

increase in the state of NY only).

Increased cell phone subscriptions may be a conse-

quence of more and more children using these devices,

while the number of adult users may not have increased at

all. Indeed, Hardell and Carlberg found that the highest risk

of astrocytoma and acoustic neuroma was in persons with

first cell phone use under 20 years of age. This result is of

biological significance, since a developing organ is more

sensitive to carcinogenic agents, and the brain continues to

develop until age twenty [2].

The linear relationship between cell phone usage and

brain tumor certainly needs further epidemiological eval-

uation. In the meantime, it would be prudent to limit

exposure to all sources of electro-magnetic radiation.

References

1. Inskip PD, Tarone RE, Hatch EE, Wilcosky TC, Shapiro WR,

Selker RG, Fine HA, Black PM, Loeffler JS, Linet MS (2001)

Cellular-telephone use and brain tumors. N Engl J Med

344(2):79–86 Jan 11

2. Hardell L, Carlberg M (2009) Mobile phones, cordless phones

and the risk for brain tumours. Int J Oncol 35(1):5–17

3. Myung SK, Ju W, McDonnell DD, Lee YJ, Kazinets G, Cheng

CT, Moskowitz JM (2009) Mobile phone use and risk of tumors:

a meta-analysis. J Clin Oncol 27(33):5565–5572 Nov 20

4. Beckford M, Winnett R (2009 Oct 24) Long-term use of mobile

phones may be linked to cancer. Daily Telegraph (London)

5. INTERPHONE Study Group (2010) Brain tumour risk in relation

to mobile telephone use: results of the INTERPHONE interna-

tional case-control study. Int J Epidemiol 39(3):675–694

6. CBTRUS (2008) Statistical report: primary brain tumors in the

United States, 2000–2004. Central Brain Tumor Registry of the

United States, Hinsdale, Illinois

7. Frumkin H, Jacobson A, Gansler T, Thun MJ (2001) Cellular

phones and risk of brain tumors. CA Cancer J Clin 51(2):137–141

Mar 1

8. Orendacova J, Orendac M, Racekova E, Marsala J (2007)

Neurobiological effects of microwave exposure: a review focused

on morphological findings in experimental animals. Arch Ital

Biol 145(1):1–12

9. Nittby H, Grafstrom G, Eberhardt JL, Malmgren L, Brun A,

Persson BR, Salford LG (2008) Radiofrequency and extremely

low-frequency electromagnetic field effects on the blood-brain

barrier. Electromagn Biol Med 27(2):103–126

10. Carpenter DO, Sage C (2008) Setting prudent public health

policy for electromagnetic field exposures. Rev Environ Health

23(2):91–117

11. Sage C, Carpenter DO (2009) Public health implications of

wireless technologies. Pathophysiology 16(2–3):233–246

12. Ahlbom A, Feychting M, Green A, Kheifets L, Savitz DA,

Swerdlow AJ (2009) Epidemiologic evidence on mobile phones

and tumor risk: a review. Epidemiology 20(5):639–652

13. Khurana VG, Teo C, Kundi M, Hardell L, Carlberg M (2009)

Cell phones and brain tumors: a review including the long-term

epidemiologic data. Surg Neurol 72(3):205–214

J Neurooncol

123


	Association between number of cell phone contracts and brain tumor incidence in nineteen U.S. States
	Abstract
	Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


