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Consumer Reports News: August 08, 2012 03:43 PM

FCC Mait Room
Spend a lot of time in close contact with ’
your cellphone? Many of us do, and it's
been 15 years since the Federal
Communications Commission set a limit on
‘how much low-level radiation cell phone
users are exposed to. It's time for a new
look at both that limit and the technique
used to test for it, according to a report
issued this week by the U.S. Government
Accountability Office.

Current limits may be based on out-of-date research, and its test
requirements may underestimate the maximum exposure users
experience when holding phones against the body, according to the
GAO review, done at the request of members of Congress.

"With mobile phones in the pockets and purses of millions of
Americans, we need a full understanding of the long-term impact of
mobile phone use on the human body, particularly in children whose
brains and nervous systems are still developing," said Edward J.
Markey (D-Mass.), who was one.aof the lawmakers who requested the
GAO report. "With the health of American consumers at stake, it is time
we send these standards in for a check-up."

In commenting on the GAO report, the FCC said that its staff had
"independently arrived at the same conclusions" and is considering a
thorough review of its safety rules.

The report did not suggest that cell phone radiation can cause adverse
human health effects other than from heating of human tissue. But it did
say that.ongoing research may increase the understanding of possible
effects, including potential risks of cancer. There is also research
suggestlng that cell phones might alter brain function.

The FCC has set its exposure limits for low-level radiation absorbed
from cell phones operating at their highest possibie power level--known
as the

Specific Absorption Rate (SAR)--in 1996, based on recommendations
from federal health and safety agencies and international organizations.

Those organizations changed their recommended exposure limits in

http://www.consumerreports.org/content/cro/en/health/news-arch... 8/13/2013
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‘recent years, based on new research. Buﬁh‘e FCC hasn't formally

 asked for guidance from federal health and safety agencies about

adopting the new limit.

The agency has also not reassessed its testing procedures used to
certify cell phones' compliance with SAR limits to ensure that they
measure the maximum exposure a user could experience. For
example, current tests allow for a space between phones and the user's
body. But consumers use mobile phones with only a slight distance, or
no distance between the phone and their body when they place the
phone in a pocket while using an earpiece. That could result in radiation
exposure above the maximum SAR determined during testing.

Bottom line. "We agree with the recommendations and concerns raised
by the GAO report,” says Urvashi Rangan, Ph.D., director of Consumer
Safety and Sustainability at Consumer Reports. "Consumers who want
to take precautions should be aware of the ways to reduce their
radiation exposure while using their mobile phones." Here's how:

* Limit cell-phone use, particularly by kids.

* Hold the phone away from your head and body, especially when a call
is connecting.

» Text or use a speakerphone or headset to reduce absorption in your
head. :

Source
Exposure and Testing Requirements for Mobile Phones Should Be
Reassessed

—Doug Podolsky

Copyright © 2006-2013 Consumer Reports. No reproduction, in whole
or in part, without written permission.
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Cell-phone radiation 'possibly carcinogenic’

Consumer Reports News: June 01. 2011 11:45 AM

~

The World Health Organization’s
International Agency for Research on
Cancer yesterday classified low-level
radiation from cell phones “possibly
carcinogenic to humans” based on limited
evidence linking cell-phone use with an
increased risk of glioma, a type of brain
cancer. While that's certain to raise the level
of discussion about the health effects of cell
phones, government regulators remain
reassuring about the potential risks.

Jonathan Samet, M.D., chairman of the IARC’s Working Group and
chairman of the Department of Preventive Medicine at the University of
Southern California, was quoted in the announcement as saying that
"the evidence, while still accumulating, is strong enough” to support the
new classification. He said that “there could be some risk, and therefore
we need to keep a close watch for a link between cell phones and
cancer risk." The report cited a study of past cell phone use that
showed a 40 percent increased risk for gliomas in the highest category
of heavy users, defined as 30 minutes per day, on average, over a 10-
year period.

A spokeswoman for the Food and Drug Administration said in an e-mail
that the “existing weight of scientific evidence does not show an
association” between exposure to non-thermal radiofrequency energy
similar to that emitted from cell phones and adverse health outcomes.
She said some medical research has suggested such associations, but
the findings have not been replicated and confirmed.

“Importantly, during the period of enormous increase in cell phone
utilization in the' United States, the incidence of brain cancer in the
United States did not increase, but actually declined according to highly
reliable data from the National Cancer Institute's Surveillance
Epidemiology and End Results Program (SEER), arguably the best
source of cancer incidence data in the U.S.,” according to the FDA.

A spokesman for the Federal Communications Commission said in an
e-mail that the FCC is still reviewing the IARC materials. "The FCC

http://www.consumerreports.org/content/cro/en/health/news-arch... 8/13/2013
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currently requires cell phones to meet safety standards based on the

advice of federal health and safety agencies,” he said. “We support the

IARC recommendation for more research to clearly identify any

potential health risks and, as appropriate, conS|der whether further
actions may be required. ” |

In a statement released yesterday, John Walls, vice president of public
affairs for CTIA The Wireless Association, said that the IARC
classification “does not mean cell phones cause cancer.”

The IARC Working Group considered hundreds of scientific arficles,
which will be published in a monograph. However, a summary of the
main conclusions will be published in the July 1, 2011 issue of journal
Lancet Oncology, and should also be released online in a few days.

Bottom line: The IARC action is based on limited evidence and doesn't
convincingly link typical cell-phone use with cancer. But it does increase
the need for further study, as well as better and more visible guidance
to consumers on the issue.

We will continue to monitor the research on cell-phone safety. In the
meantime, if you’re concerned about radiation, you can minimize
exposure by using a speakerphone or hands-free headset, holding the
phone away from the head and body (especially when a call is
connecting), and reducing use, especially by children. Of course, you
can also text.

See our previous article on research suggesting that cell phones might
alter brain function.

Source

IARC Classifies Radiofrequency Electromagnetic Fields as Possibly
Carcinogenic to Humans
[World Health Organization]

—Doug Podolsky

Copyright © 2006-2013 Consumer Reports. No reproduction, in whole
or in part, without written permission.
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The Food and Drug Administration says
the "weight of scientific evidence has rot
linked cell phones with any health
problems," including brain tumors from
the low-level radiation that phones emit
in normal use. Yet in the past year San
Francisco lawmakers have enacted an
ordinance requiring that cell phones
disclose the amount of radiation emitted,
and Rep. Dennis Kucinich (D-Ohio)
announced plans to push for radiation : - ;
wamings on all cell phones. e e j
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Inconsistent

A phone might include a simple measure of
radiation absorption (left), a statement that the
phone meets the safety standard for radiation
(center), or comprehensive test data and )
background information (right). 1

Phone manufacturers -are required by
federal law to package every cell phone
with information about its specific
absorption rate (SAR) values. The higher
the SAR value, the more radiation the
body absorbs. But there's usually no
explanation provided with those
numbers, not even the fact that all phones sold have levels lower than what the FDA considers
a concemn.

In September 2010, the Federal Communications Commission revised its Web page to
address some of the confusion about SAR values. The updated FCC fact sheet
(www.foc.gov/egb/consumerfacis/sar htmj) states that SAR values indicate the maximum @
possible exposure from a given phone, not the varying levels of exposure in normal use. So a

phene with a lower reported SAR value isn't necessarily safer than one with a higher value,
and SAR values can't be used to reliably compare cell-phone models. The FCC says it
requires SAR values only to ensure that maximum radiation exposure falls below the level at

Still, consumers are caught in the middle, trying to resolve conflicting messages from ',l:‘:
regulators and legislators. (The latter include those in the European Parliament who have W
calied for stricter limits on exposure to cell-phone radiation, which have been criticized by Ce
many scientists.) B s ce

*Se
Consumers Union believes a number of measures would benefit consumers: “ He

The U.S. needs a national research program on cell phones and health. Rep. Kucinich
has called for such an effort as part of his cell-phone safety proposals.

The FDA and the FCC should ste;; up their efforts to provide better and more visible
quidance to consumers on the risks, if any, of cell-phone radiation.

The FCC should mandate that the SAR information included with phones be more
consistent. The information that's currently provided varies greatly in its format and
detail, as the photographs below illustrate.
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Do current cell-phone radiation rates underestimate
exposure?

Consumer Reports News: October 19, 2011 10:38 AM

The Federal Communications Commission’s
“safe exposure” limits for low-level radiation
absorbed from cell phones operating at their
highest possible power level—known as the
Specific Absorption Rate (SAR)—‘does not
adequately protect" most people who use
cell phones, especially children who absorb
more cell phone radiation than adults,
according to an article published online this
week in the journal, Electromagnetic Biology
and Medicine.

The reason: The testing procedure used to certify cell phones’
compliance with SAR limits systematically underestimates radiation
exposure levels for most cell phone users, reported the researchers
from the Environmental Health Trust, a nonprofit scientific organization,
and elsewhere.

The main problem, they wrote, is that such testing has involved cell-
phone radiation readings using mannequin heads based on the upper
end of U.S. military recruits--the size of a 6-foot 2-inch, 220 pound man-
-and filled with liquid, which has the average electrical conductivity of
the brain. The test head, dubbed SAM (for Specific Anthropomorphic
Mannequin), is larger than the head of 97 percent of the U.S.
population, the researchers report. Typical cell phone users are smaller
adults and children, who absorb relatively more cell phone radiation
than SAM estimates.

Moreover the authors noted that SAM’s uniformly consistent liquid-filled
head can’t simulate the varied capacity of the 40 different types of brain
tissue to absorb cell phone radiation. Nor does it shed light on how a
child’s head—which is smaller and has a thinner skull than SAM—
absorbs radiation, though that can be more than two times greater than
in adults, they reported. In addition, cell phones are tested in ways that
underestimate exposure—such as keeping them about 1 inch (or 25
mm) away from the body during calls—rather than ways people
commonly operate them, including keeping them in their trouser or shirt
pockets during use, or held directly next to the head.

<\ http://www.consumerreports.org/content/cro/en/health/news-arch... 8/13/2013
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A far more accurate way to calculate SAR values using computer
simulations based on MRI or CT scans of large and small head sizes,
- which allows inclusion of more than 40 brain tissue types with differing
electrical properties, is available—but is currently not in use, the
researchers reported.

Bottom line: Despite the many questions this artlcle raises about SAR
values and whether they adequately protect cell phone users from the
potential effects of cell phone radiation, the Food and Drug
Administration, which shares regulatory responsibilities for cell phones
with the FCC, maintains that the "weight of scientific evidence” has not
linked cell phones with harm except through heating tissue.

However, the World Health Organization’s International Agency for
Research on Cancer (IARC) recently classified cell-phone radiation as
“possibly carcinogenic to humans.” The IARC action is based on limited
evidence and doesn't convincingly link typical cell-phone use with
cancer. But it does increase the need for further study, as well as better
and more visible guidance to consumers on the issue. (We contacted
the FCC for this article but did not hear back by the time of publication.)

Given the uncertainty about the SAR values, a number of countries,
such as Israel, Finland, France, and the UK have recommended I|m|t|ng
their use by children. We will continue to monitor the research on cell-
phone safety. In the meantime, if you're concerned about radiation, you
can minimize exposure by using a speakerphone, a hands-free or wired
headset, holding the phone away from the head and body (especially
when a call is connecting), and reducing use, especially by children. Of
course, you can also text.

See our earlier articles on possible cell-phone radiation risk and on
research suggesting that cell phones might alter brain function.

Source

Exposure Limits: The Underestimation of Absorbed Cell Phone
Radiation, Especially in Children [Electromagnetic Biology and
Medicine]

UPDATE: We received an e-mail from an FCC official who,
commenting on the article in Electromagnetic Biology and Medicine,
said the Commission "currently requires cell phones to meet safety
standards based on the advice of federal health and safety agencies.”
He said the FCC “will continue to work with them and others to evaluate
the merits of reports such as this one."

—Doug Podolsky
B ) / -

http://www.consumerreports.org/content/cro/en/health/news-arch... 8/13/2013
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The Food and Drug Administration says
the "weight of scientific evidence has not
linked cell phones with any health
problems,” including brain tumors from
the low-level radiation that phones emit
in normal use. Yet in the past year San
Francisco lawmakers have enacted an
ordinance requiring that cell phones
disclose the amount of radiation emitted,
and Rep. Dennis Kucinich (D-Ohio)
announced plans to push for radiation
wamings on all cell phones.

Inconsistent

A phone might include a simple measure of
radiation absorption (left), a statement that the
phone meets the safety standard for radiation
(center), or comprehensive test data and

i background information (right).

Phone manufacturers are required by
federal law to package every cell phone
with information about its specific
absorption rate (SAR) values. The higher
the SAR value, the more radiation the
body absorbs. But there's usually no
explanation provided with those
numbers, not even the fact that all phones sold have levels lower than what the FDA considers
a concern.

In September 2010, the Federal Communications Commission revised its Web page to
address some of the confusion about SAR values. The updated FCC fact shest

(www.foc govegbiconsumerfacts/sar. hirnf) states that SAR values indicate the maximum
possible exposure from a given phone, not the varying levels of exposure in normal use. So a
phone with a lower reported SAR value isn't necessarily safer than one with a higher value,
and SAR values can't be used to reliably compare cell-phone models. The FCC says it
requires SAR values only to ensure that maximum radiation exposure falls below the level at
which experts agree there could be adverse health effects.

Still, consumers are caught in the middle, trying to resolve conflicting messages from
reguiators and legisiators. (The latterinclude those in the European Parliament who have
called for stricter limits on exposure to cell-phone radiation, which have been criticized by
many scientists.)

Consumers Union believes a number of measures would benefit consumers:
“The U.S. needs a national research program on cell phones and health. Rep. Kucinich

has called for such an effort as part of his cell-phone safety proposals.

The FDA and the FCC should step up their efforts to provide better and more visible
guidance to consumers on the risks, if any, of cell-phone radiation.

The FCC should mandate that the SAR information included with phones be more

consistent. The information that's currently provided varies greatly in its format and
detail, as the photographs below illustrate.
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Inconsistent

A phone might include a simple measure of radiation absorption (left), a statement that the phone meets the safety
standard for radiation (center), or comprehensive test data and background information (right).

The Food and Drug Administration says the "weight of scientific evidence has not linked cell phones with any heaith
problems,” including brain tumors from the low-level radiation that phones emit in normal use. Yet in the past year San
Francisco lawmakers have enacted an ordinance requiring that cell phones disclose the amount of radiation emitted, and
Rep. Dennis Kucinich (D-Ohio) announced plans to push for radiation warnings on all cell phones.

* /" Phone manufacturers are required by federal law to package every cell phone with information about its specific absorption
rate (SAR) values. The higher the SAR value, the more radiation the body absorbs. But there's usually no explanation
provided with those numbers, not even the fact that all phones sold have levels lower than what the FDA considers a
concern. :

- In September 2010, the Federal Communications Commission revised its Web page to address some of the confusion
about SAR values. The updated FCC fact sheet (www.fcc.gov/ecgb/consumerfacts/sar.htmi) states that SAR values indicate
the maximum possible exposure from a given phone, not the varying levels of exposure in normal use. So a phone with a
lower reported SAR value isn't necessarily safer than one with a higher value, and SAR values can't be used to reliably
/ compare cell-phone models. The FCC says it requires SAR values only to ensure that maximum radiation exposure falls
below the lewel at which experts agree there could be adverse health effects.

Still, consumers are caught in the middle, trying to resolve conflicting messages from regulators and legislators. (The latter
include those in the European Parliament who have called for stricter limits on exposure to cell-phone radiation, which have
been criticized by many scientists.)

Consumers Union believes a number of measures would benefit consumers:

\

® The U.S. needs a national research program on cell phones and health. Rep. Kucinich has called for such an effort
as part of his cell-phone safety proposals.

® The FDA and the FCC should step up their efforts to provide better and more visible guidance to consumers on the
risks, if any, of cell-phone radiation.

¢ The FCC should mandate that the SAR information included with phones be more consistent. The information that's

Lof2 8/13/2013 3:17P
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currently provided varies greatly in its format and detail, as the‘ﬁﬁotographs below illustrate.

Bottom line

We will continue to track the research. In the meantime, if you are concerned about radiation, minimize exposure by using a
speaker phone or hands-free headset, holding the phone away from the head and body (especially when a call is
connecting), and reducing use, especially by children.

Copyright © 2006-2013 Consumer Reports. No reproduction, in whole or in part, without written permission.
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August 13, 2013

Peter Lurie, MD, MPH

Senior Advisor

U.S. Food and Drug Administration
Office of the Commissioner

10903 New Hampshire Avenue
Building 1, Room 2320

Silver Spring MD 20993

Dear Peter:

Enclosed please find informational booklet on "Cell Phone Safety
Concerns" and Cellular phone radiation exposure, which has some very
interesting scientific articles, (American, European and Asian) on radio
frequency electromagnetic field as possible carcinogens to humans.

| have been writing articles for a consumer newspaper, Marinscope (circ.
75,000) under the title "Healthy Marin"-see www.Marinscope.com and this
book was given to me by one of my readers who asked me to of an article
on this issue.

A couple of questions:

1--— Wha;t is the FDA's role along with their efforts to provide better and
more vusuble guidance to consumers regérdmg cell phone radiation?

2--- Has FDA found a relationship to patient and consumer harm and if so,
can you refer me to some studies that FDA has conducted ?

3---— Is FDA responsible for the SAR information included with the phones /
and if so, what is that information suppose to look like and where and how
do we consumers find it ? /{;

Tnecdav Anenst 13. 2013 America Online:
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4--- | have just been informed that the FCC has opened up a review of cell
phone safety standards-what is the role that FDA plays in this review and can
you send it along, as to what is your jurisdictional issue with this FCC report and
are you involved at all?

5-- If there is sdmebody at FDA who is knowledgéable about this consumer
issue, would you kindly refer this letter on to that person ?

6--  If there is someone who is going to be in Boston for the APHA annuél
meeting, can | meet with them ? -
7-- | just finished reading a book entitled "Disconnect: The Truth about Cell

Phone Radiation, What the Industry Has Done to Hide it, and How to Protect
Your Family" by Devra Davis, Ph.D. and | was quite alarmed to learn that in her
latest 2013 publication, which | earmarked in the book for you, titled "Swedish
Review Strengthens Ground for Concluding that Radiation From Cellular and
Cordless Phones is a Probable Human Carcinogen".

8-- The other paper in the book is a letter from Martha Herbert, Ph.D., MD
and a Harvard University

Pediatric Neurologist and Neuroscientist to the Los Angeles Unified School
district, regarding wi-fi in the classrooms. She produced a 60 page single spaced
paper with over 550 citations on EMF and RFR.

9-- The last issue | would like you to take a look at is the letter to FCC
regarding the American Academy of Pediatrics (AAP) concerns about FCC not
assessing standards and AAP "has found potentially negative effects of EMR and
RFR and limiting this use among children”

Again, Peter; will you be at APHA in Boston, November 2-6 and can we get

sndent PPSI/Gray Panthers
101 Lucas Valley Road, Suite 384
San Rafael, CA 94903

Office: 415-479-8628

Cell: 415-302-7351

Email ppsi@aocl.com
Website: www.ppsinc.org

/’/'

Tuesday, August 13, 2013 America Online:



WHAT Is the Shocking DISCONNECT?

“This book describes an immense disconnect between common
opinions about cell phone safety and the actual data.”
—David Servan-Schreiber, M.D., Ph.D., author of Anticancer

___Praise for DISCONNECT

“A critically important book that is a must-read for parents and policy makers. A
surprising, well-documented, and compelling call for action.”

—Phil Lee, M.D., former United States assistant secretary for health; chancel-
lor emeritus, University of California, San Francisco

“An amazing and important book that must be read to be believed. Are these
devices safe for humans? The ‘don’t ask, don’t tell’ approach of the industry is
irresponsible at best, criminal at worst. Read and learn why and how to protect
yourself and your loved ones.”

—Mark Hyman, M.D., author of The UltraMind Solution; chairman, The Insti-
tute for Functional Medicine

“A brilliant and courageous tour de force by one of our nation’s leading environ-
mental health experts. Davis provides a detailed exposé that forces us all to take
a good, hard look at what we know and what we don’t know about cell phones.”
—Ronald B. Herberman, M.D., founding director emeritus, University of Pitts-
burgh Cancer Institute |

“Devra Davis has written a book that will change the way the world thinks about
cell phones and the potential public heath disaster they represent.”

—Carlos Santos-Burgoa, M.D., M.P.H., Ph.D., past president, International
Society for Environmental Epidemiology

ISBN 978-0-525-95194-0
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- AR i




-, The TRUTH About Cell Phone RADIATION,
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Cellular Phone Radiation Exposure: A Potential Public Health Tsunami

Worldwide, 2012 was a watershed year in peer-reviewed studies on the effects of cellular radiation. Specifically,
recent studies include the IARC Monograph classifying cell phone radiation as a Group 2B possible carcinogen’,

sperm count collapse from proximity exposure’, and fetal damage related to rodent maternal cellular exposure
during pregnancy.”

Numerous studies released as well as consumer protection recommendations and recent judicial decisions suggest
that the real risks of cell phone radiation exposure are now coming to light."

The FCC is now re-evaluating its SAR (Specific Absorption Rate) safety standards which allow, after testing, for cell
phones to be sold in the United States. The SAR testing only examines thermal effects of cell phone use in close
proximity to the body. We now know that there are numerous and potential hazardous non-thermal effects of
non-ionizing radiation exposure. The mechanics of how living tissue is damaged by this type of radiation continues
to elude scientists but the fact that damage is taking place is nonetheless a reality at this point. With SAR testing,
we know that the radiation is absorbed by children’s brains at a much more pervasive and potentially damaging
level than that of adults.” Children now constitute a huge part of this telecom market place.

The SAR testing standards were established by the FCC back in 1996 and used a 220 pound male anthropomorphic
head using the phone 6 minutes a day, as the basis for its testing. All cell phones certified to be sold in the United
States have gone through SAR testing. There is not one cell phone produced and sold on the United States market
which is certified to be held up against the skull or body when in use! According to the SAR testing results, all
phones must be held roughly one inch away from the head or body at all times when in use. Due to the inverse
square law, when the phone is held back away from the head or body by roughly one inch, the radiation exposure
collapses down to roughly one fifteen hundredth of what it would be otherwise.

Some of the pathologies and conditions coming to light which are being linked associatively back to cellular
radiation exposure include: Glioma, acoustic neuroma, strokes, autism, migraines, Alzheimer’s, dementia, sperm
collapse, fetal damage, ADHD., infertility, DNA strand breakage.

' 24 April 2013 IARC Monograph Non-lonizing Radiation, Part 2: Radiofrequency Electromagnetic Fieids Volume
102.

" Institute de Veille Sanitaire, 2012, French study on sperm count collapse.
yale University study showing rodent fetal damage from cell phone radiation exposure during preghancy, 2012,
Hugh Taylor, M.D. et al.

MV Bioinitiative 2012 Report; Point of sale phone packaging warnings now advocated by the legislatures in France,
U.K., Israel, and India; July 2012 letter from the American Academy of Pediatrics to the FCC requesting formal
reevaluation of cell phone safety standards, Italian Supreme Court 2012 ruling linking cell phone use to brain
tumors; 2013 precautionary principal report issued by the European Environmental Agency (EEA) “Late Lessons
from Early Warnings” Vol 11.

¥ Gandbhi, O, Lazzi G., Furse C., “Electromagnetic Absorption in the Human Head and Neck for Mobile Telephones
835 and 1900 MHz.” IEEE, 1996.
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Abstract

The International Agency for Research on Cancer (IARC) at WHO evaluation of the carcinogenic effect of RF-EMF on humans took place
during a 24-31 May 2011 meeting at Lyon in France. The Working Group consisted of 30 scientists and categorised the radiofrequency
electromagnetic fields from mobile phones, and from other devices that emit similar non-ionising eleciromagnetic fields (RF-EMF), as Group
2B, i.e., a ‘possible’, human carcinogen. The decision on mobile phones was based mainly on the Hardell group of studies from Sweden
and the IARC Interphone study. We give an overview of current epidemiological evidence for an increased risk for brain tumours including
a meta-analysis of the Hardell group and Interphone results for mobile phone use. Results for cordless phones are lacking in Interphone.
The meta-analysis gave for glioma in the most exposed part of the brain, the temporal lobe, odds ratio (OR)= 1.71, 95% confidence interval
(CI)=1.04-2.81 in the > 10 years (>10 years in the Hardell group) latency group. Ipsilateral mobile phone use = 1640 h in total gave OR =2.29,
95% CI'=1.56-3.37. The results for meningioma were OR=1.25, 95% CI=0.31-4.98 and OR = 1.35, 95% CI=0.81-2.23, respectively.
Regarding acoustic ncuroma ipsilateral mobile phone use in the latency group = 10 years gave OR = 1.81, 95% CI=0.73-4.45. For ipsilateral
cumulative use = 1640 h OR =2.55, 95% CI = 1.50-4.40 was obtained. Also use of cordless phones increased the risk for glioma and acoustic
neuroma in the Hardell group studies. Survival of patients with glioma was analysed in the Hardell group studies yielding in the >10 years
latency pertod hazard ratio (HR) = 1.2, 95% CI = 1.002-1.5 for use of wireless phones. This increased HR was based on results for astrocytoma
WHO grade 1V (glioblastoma multiforme). Decreased HR was found for low-grade astrocytoma, WHO grades 1-11, which might be caused
by RF-EMF exposure leading to tumour-associated symptoms and earlier detection and surgery with belter prognosis. Some studies show
increasing incidence of brain tumours whereas other studies do not. It is concluded that one should be careful using incidence data to dismiss
resuls in analytical epidemiology. The TARC carcinogenic classification does not scem to have had any significant impact on governments’
perceptions of their responsibilities to protect public health from this widespread source of radiation.
© 2012 Elsevier Ireland Ltd. All rights reserved.

Keywords: Brain tumour; Glioma, Meningion; Acoustic neuromna; Wieless phones; Tncidence; Adolescent risk; CEFALQ; Danish cohort

1. Introduction low frequency (ELF) magnetic field as Group 2B carcinogen
[3].

On 31 May 2011 the International Agency for Researchon The IARC evaluation of the carcinogenic effect of RF-
Cancer (JARC) at WHO categorised the radiofrequency elec- EMF on humans took place during a 24-31 May 2011
tromagnetic fields (RF-EMF) from mobile phones, and from meeting at Lyon in France. The Working Group consisted
other devices that emit similar non-ionising electromagnetic of 30 scientists representing four areas: ‘animal cancer stud-
fields, as a Group 2B, i.c., a ‘possible’, human carcinogen ies”, ‘epidemiology’, ‘exposure’ and ‘mechanistic and other
}1,2}. Nine years earlicr IARC had also classified extremely relevant data’. The expert groups initially prepared a written
draft prior to the IARC meeting. Further work was done in

the expert groups and a final agreement, sentence by sen-

L-mail addm.s:ses: [ennart.harde @occbroilse (L. Hardell), tence, was obtained during plenary sessions with all experts
michael.carlberg @ orebroll.se (M. Carfberg), N
kjell.hunsson.mild @ rudfys.umu.se (K. Hunsson Mild). participating.

* Corresponding author. ‘Tel.: +46 19 602 10 00; fax: +46 19 10 17 68.

0928-4680/% — see front matier © 2012 Elsevier Ireland Ltd. All rights reserved.
hitp://dx.doi.org/10.1016/j.pathophys.2012.11.00]
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The IARC decision on mobile phones was based mainly
on two sets of case-control human studies; the Hardell group
of studies from Sweden and the IARC Interphone study. Both
provided complementary and supportive results on positive
associations between two types of brain tumours; glioma and
acoustic neuroma, and exposure to RF-EMF from wireless
phones.

The final 1ARC decision was confirmed by voting of 29
scientists (one not present). A large majority of participants
voted to classify RE-EMF radiation as ‘possibly carcino-
genic’ to humans, Group 2B. The deciston was also based
on occupational studies.

In this paper an up-to-date review of the evidence of an
association between use of wireless phones and brain tumours
is presented. The Nordic countries were among the first
countries in the world to widely adopt wireless telecommuni-
cations technology. Analogue phones (NMT; Nordic Mobile
Telephone System) were introduced in the early 1980s using
both 450 and 900 Megahertz. (MHz) frequencies. NMT 450
was used in Sweden from 1981 but closed down on 31
December 2007, NM'I' 900 operated during 1986-2000.

The digital system (GSM; Global System for Mobile
Communication) using dual band, 900 and 1800 MHz,
started to operate in 1991 and dominates now the market.
The third generation of mobile phones, 3G or UMTS
(Universal Mobile Telecommunication System), using
190072100 MHz RF fields has been introduced worldwide in
recent years, in Sweden in 2003. Currently the fourth gener-
ation, 4G (Terrestrial 3G), operating at 800/2600 MHz and
Trunked Radio Communication (TETRA 380-400 MHz)
are being established in Sweden and elsewhere. Nowadays
mobile phones are used more than landline phones in
Sweden (http://iwww.pts.selupload/Rapporter/lele/201 1/sv-
telemarknad-halvar-201 | -pts-er-2011-21 pdf). Worldwide,
an estimate of 5.9 billion mobile phone subscriptions was
reported at the end of 2011 by the International Telecom-
munication Union (ITU; http://www.itw.int/[TU-D/ict/
facts/201 Vmaterial/ICTFactsFigures201 1.pdfl). Many users
are children and adolescents, which is of special concern
regarding potential health effects.

Desktop cordless phones (DECT) have been used in
Sweden since 1988, first using analogue 800-900 MHz RK
fields, but since early 1990s using a digital 1900 MHz system.
‘The cordless phones are becoming more common than tradi-
tional landlines. Also these phones emit RF-EMF radiation
similar to that of mobile phones. Thus, it is also neces-
sary to consider the usage of cordless phones along with
mobile phones, when human health risks are evaluated. It
should be noted that the usual cordless base stations emit
RE-EMF continuously. They are often installed in offices
close to the person using a cordless phone handsel or in
homes even in bedrooms next to the head of a sleeping per-
son.

‘The real increase in use and exposure to electromagnetic
fields from wireless phones (mobile phones and cordless
phones) in most countries has occurred since the end of the

1990s. When used they emit RF-EMFs. The GSM phones
and to a lesser extent the cordless phones emit also ELF-
EMF from the battery when used [4,5]. The brain is the main
target organ during use of the handheld phone [6]. Thus, fear
of an increased risk for brain tumours has dominated the
debate during the last one or two decades. While RF-EMFs
do not have sufficient energy to break chemical bonds like
ionising radiation, at least not directly, they can nevertheless
have harmful effects on biological tissues. Plausible biologi-
cal mechanisms for these effects include impairment of DNA
repair mechanisms and epigenetic changes to DNA.

Primary brain tumours (central nervous system; CNS)
constitute of a heterogeneous group of neoplasms divided
into two major groups; malignant and benign. They are of
different histological types depending on tissue of origin with
different growth patterns, molecular markers, anatomical
localisations, and age and gender distributions. The clini-
cal appearance, treatment and prognosis are quite different
depending on tumour type.

Ionising radiation is an established risk factor for primary
brain tumours [7], but there are no well-established envi-
ronmental causes. Higher socio-economic status tends to be
related to higher incidence and some rare inherited cancer
syndromes account for a small fraction of tumours [ 7], Famil-
ial aggregation of glioma has been reported. In a large study
77% more glioma cases than expected were reported among
family members {8].

The purpose of this article is to give a comprehensive
review of the association between use of mobile and cord-
less phones and brain tumours, primarily based on the results
of the major publications in this field. We include the Hardell
group papers and the WHO Interphone study |9-11]. Also
some additional analyses of the risk for brain tumours based
on these results are given. Some early studies not part of these
two major study groups are also included. More discussion
of the results and responses, agreements and disagreements
of the findings for the Hardell group and Interphone stud-
ies can be found elsewhere [12]. In addition, this review
includes studies published after the JARC evaluation in May
2011,

2. Materials and methods

The PubMed database (www.ncbi.nlm.nih.gov) was used
for an up-dated search of published studies in this
arca using mobile/cellular/cordless telephone and brain
tumour/neoplasm/acoustic neuroma/meningioma/glioma as
searching terms. Personal knowledge of published studies
was also used in order to get as comprehensive a review
as possible. All of the authors have long experience in this
research area and have published the pioneer studies indicat-
ing an association between use of wireless phones and certain
types of brain tumours. They represent different supportive
areas of competence such as oncology, cancer epidemiology,
statistics and physics.
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Table 1
Summary of studies on the use of mobile phones and brain tumour risk.

Study Years; study type  Age Tumour type No. of exposed cases (dds ratio, 95% Comments
confidence interval
Hardell et al. [15,16]  1994-199¢6; 20-80 years  Brain tumours 78 OR 0.98 (0.69-1.41)  Analogue and digital
Sweden Case-control (n=209) mobile phone use
34 OR 1.07 (0.64-1.80)  Ipsilateral mobile phone
- use
16 OR 1.20 (0.56-2.59)  >10 year latency,
analogue mobile phone
use
Muscat et al, [17] 1994-1998; 18-80 years  Brain tumours 66 OR 0.8 {0.6-1.2) Mean duration of mobile
USA Case-control (n=469) phone use 2.8 years
Neuorepithelioma 14 OR 2.1(0.9-4.7)
(n=35)

2.1. Statistical methods

All analyses in the Hardell group studies were done using
StataSE 10.1 (Stata/SE 10.1 for Windows; StataCorp., Col-
lege Station TX). Odds ratios (OR) and 95% confidence
intervals (CD were calculated using unconditional logistic
regression analysis. Further details can be found in the pub-
lications.

Meta-analyses were performed on use of mobile phones
in the Hardell group |13,14] and Interphone group [9,10]
studies. No duplicate data from different articles published
by the same group of authors were included. Model was
chosen based on test for heterogeneity in the overall (>10
years and >1640h) groups. In the analysis of survival of
patients with glioma, Cox proportional hazards model was
used to calculate hazard ratios (HR) and corresponding 95%
confidence intervals. Follow-up time was counted from the
date of diagnosis to the date of death or until May 30, 2012
for living cases.

3. Results
3.1. Brain tumours overall

‘The first study by Hardell et al. | 15,16] included cases and
controls during 1994-1996 in parts of Sweden and was the
first published study on this issue. Only living cases diag-
nosed during 1994-1996 were included. Two controls were
selected to each case from the Population Registry. In total
209 (90%) of the cases and 425 (91%) of the controls that
met the inclusion criteria answered the mailed questionnaire.
Overall no association between mobile phone use and brain
tumours was found. A slightly increased, but not statistically
significant, risk was found for analogue phone (NMT) use
and for a latency period greater than 10 years, OR=1.20,
95% Cl=0.56-2.59, Table 1.

Exposure to the radiation from the phones is generally
higher in the temporal lobe, the part of the brain that is near
to the ear |6]. For tumours located in the temporal, occip-
ital or temporoparietal lobe areas of the brain an increased
risk was found for ipsilateral exposure, that is the telephone

was mostly used on the same side of the head as the tumour
appeared, yielding OR =2.42, 95% CI=0.97-6.05 [16]. This
was the first study in the world that indicated an associa-
tion between use of mobile phones and an increased risk
for brain tumours. However, all results were based on low
numbers of exposed subjects and different histopathological
types of brain tumours so no firm conclusions could be drawn.
Furthermore, this first study did not include use of cordless
phones.

Muscat et al. | 17] studied patients with malignant brain
tumours from five different hospitals in USA, Table 1. Con-
trols were hospital patients. Data from 469 (82%) cases and
422 (90%) controls were available. Overall no association
was found, OR for handheld cellular phones was 0.8, 95%
Cl=0.6-1.2, but the mean duration of use was short, only 2.8
years for cases and 2.7 years for controls. For neuroepithe-
lioma OR =2.1, 95% Cl=0.9-4.7, was reported. The study
was inconclusive since no data were available on long-term
users (> 10 years latency period). Some support of an associa-
tion was obtained since of 41 evaluable tumours, 26 occurred
at the side of the head mostly used during calls and 15 on the
contralateral side.

3.2. Glioma

Glioma is the most common malignant brain tumour and
represents about 60% of all central nervous system tumours.
‘The most common glioma subtype is astrocytoma. Astrocytic
tumours are divided in two groups depending on the malig-
nant potential; low-grade (WHO grades I-1I) and high-grade
(WHO grades HI-1V). Low-grade astrocytoma has a rela-
tively favourable prognosis, whereas survival is shorter for
patients with high-grade glioma. Glioblastoma multiforme
(WHO grade V) accounts for 60-75% of all astrocytoma.
"The peak incidence is between 45 and 75 years of age with
median survival less than one year [18].

In the study by Hardell et al. [15] analysis of the cases
with astrocytoma produced OR = 1,09, 95% Cl=0.64-1.84
(n=36 cases), Table 2. OR increased further for ipsilat-
eral exposure for right sided tumours, OR=1.30, 95%
CI=0.54-3.13 (n=13 cases), whereas no association was



Table 2

Summary of studics on the use of wircless phones and glioma risk.

Study

Years; study type Age Tumour type No. of Odds ratio, 95% Comments
exposed confidence interval
cases
Hardell et al, [15] Sweden 19941996, 20-80 years Astrocytoma WHO 36 OR 1.09 (0.64-1.84) Analogue and dig
Case-controf grade I-1V (n=94)
13 OR 1.30 (0.54-3.13) Ipsilateral mobil
3 OR 0.35 (0.07-1.81) Ipsiluteral mobile
Inskip et al. [19] USA 19941998, =18 years Glioma (n=489) 11 OR 0.6 (0.3-1.4) >3 years of mobi
Case-control
Auvinen et al. [20] Finland 1996; Case-control, 20--69 yeurs Glioma (n= 198) Not given OR 1.5(1.0-24) Analogue and dig
register based
25 OR 2.1 (1.3~-3.4) Analoguce mobile
11 OR 2.4 (1.2-5.1) Analogue mobile
1 OR 2.0 (1.0-4.1) Analogue mobile
Hardell et al. [26-28] Carlberg, 1997-2003; 20-80 years Glioma (n=1148) 123 OR 2.5 (1.8-3.3) >10 yeur latency,
Hardell {29] Sweden Case-controd ;
57 OR 2.9(1.8-4.7) >10 year latency, :
50 OR 2.6 (1.7-4.1) >10 year latency, :
45 OR 1.7 (1.1-2.6) >10 year latency, (
20 OR 3.8 (1.8-8.1) >10 year latency, «
9 OR 12 (0.5-2.9) >10 year latency, «
OR 1.9(1.3-2.9;¢
150 OR 2.1 (1.6-2.8) >10 year latency, 1
phone)
Astrocytoma, high 102 OR 3.0 (2.1-4.2) >10 year lalency, 1
grade (n=§20)
47 OR 3.9 (2.3-6.6) >10 year latency, 1
37 OR 2.8(1.7-4.6) >10 year latency, n
36 OR 2,0(1.2-3.2) >10 yeur latency, ¢
15 OR 5.5 (2.3-13) >10 year latency, ¢
6 OR 0.9 (0.3-2.6) >10 year latency, ¢
OR 24 (16-37;n
121 OR 2.5(1.8-3.4) >10 year latency, w
phone)
Interphone Study Group 9] 13 2000-2004, 2-4 years 3059 years Glioma (n=2708) 1666 OR 0.81 (0.70-0.94) Regular use of mot
countries; Australia, Canada, depending on study

Deamark, Finland, France,
UK, Germany, Isracl, Italy,
Jupan, New Zealand, Norway,
Sweden

region, Case-control



Cumulative hours mobile phone >1640h

OR 1.40(1.03-1.89)
OR 1.87(1.09-3.22)
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temporal lobe
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mobile phone use
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Glioma (n=1211)
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Appendix 2

Interphone Study Group 9]

Restricted to ever regular use time since start 5-9 years:

1-1.9 years as reference entity

OR 1.54 (1.06-2.22)

468

Restricied to ever regudar use time since start 10+ years:

1-1.9 years as reference entity
Restricted to ever regular use >1640h, <5h as reference

entity

OR 2,18 (1.43-3.31)

190

L. Hardell et al. 7 Pathophysiology 20 (2013) 85110 89

OR 1.82(1.15-2.89)

160

seen for astrocytoma in the left hemisphere and ipsilateral
exposure, OR =0.35, 95% C1=0.07-1.81 (n=3 cases).

The study by Inskip et al. {19] from USA had few long-
term users of mobile phones. Only 11 cases with glioma, 6
with meningioma and 5 with acoustic neuroma had >3 years
regular use. No subject had > 10 years use. Of the hospital-
based cases 92% participated. The study comprised 489 cases
with glioma, 197 with meningioma and 96 with acoustic
neuroma, and 799 (86%) hospital-based controls. Proxy inter-
views were necessary for 16% of the patients with glioma,
8% of the patients with meningioma, 3% of the patients with
acoustic neuroma, and 3% of the controls. Overall no statisti-
cally significant associations were found, Table 2. Regarding
different types of glioma OR=18, 95% CI=0.7-5.1
was found for anaplastic astrocytoma (WHO grade 11I).
Regarding hospital-based interviews and use of proxy inter-
views, see discussion below in relation to the Interphone
study.

A register based case-control study on brain and salivary
gland tumours was performed in Finland {20]. All cases
aged 20-69 years diagnosed in 1996 were included; 398
brain tumour cases and 34 salivary gland tumour cases. The
duration of mobile phone use was short, for analogue users
2-3 years and for digital users less than one year. No asso-
ciation was found for salivary gland tumours. For glioma
OR=2.1, 95% Cl=1.3-3.4 was calculated for use of ana-
logue phones, but no association was found for digital mobile
phones, Table 2. When duration of use of analogue phones
was used as a continuous variable an increased risk was
found for glioma with OR=1.2, 95% Cl=1.1-1.5 per year
of use,

The Hardell group in Sweden studied the association
between use of mobile and cordless phones and brain tumours
diagnosed during 1997-2003. First, cases diagnosed during
I January 1997 to 30 June 2000 were included. These results
were published separately [21,22]. This was followed by the
next study period, 1 July 2000 to 31 December 2003 [23,24).
The methods were the same including the same inclusion
criteria and an identical questionnaire in both studies; see the
publications for further details.

Both men and women aged 20-80 years at the time of
diagnosis were included and all were alive at the time of
inclusion in the study. They were reported from cancer reg-
istries with a brain tumour verified by histopathology. 'The
Swedish Population Registry was used for identification of
matched controls. The study included use of wireless phones
{mobile and cordless phones), as well as asking questions
on e.g., occupational exposures. Use of wireless phones was
carcfully assessed by a self-administered questionnaire sup-
plemented over the phone. The ear that had mostly been used
during calls with mobile phone and/or cordless phone was
assessed by separate questions; >50% of the time for one
side, or equally for both sides. This information was checked
during the supplementary phone calls and finally also by
a separate letter with good agreement between these three
methods.



Tumour localisation for the cases was defined by using
medical records including computer tomography (CT) and/or
magnetic resonance imaging (MRI). The matched control
was assigned the same side as the tumour of the respective
case. Use of the wireless phone was defined as ipsilateral
(>50% of the time), or contralateral (<50% of the time) in
relation to tumour side. Further details can be found in the
publications.

In a review commissioned by the former Swedish Radia-
tion Protection Agency (now called the Swedish Radiation
Safety Authority) it was suggested that the exclusion of
deceased cases was a source of bias in our studies [25].
As a response to that critique we performed a study on the
cases with a malignant brain tumour that had died before
inclusion in the case-control studies 1997-2003. These cases
represented patients with a poor prognosis, mostly with astro-
cytoma WHO grade 1V (glioblastoma multiforme). Controls
were selected from the Death Registry in Sweden.

The study encompassed 464 cases and 464 controls that
had died from a malignant disease and 463 controls with other
causes of death. Exposure was assessed by a questionnaire
sent to the next of kin to each deceased case and control. The
questionnaire was similar as in previous studies.

This investigation confirmed the previous results of an
association between mobile phones and malignant brain
tumours |26].

The Hardell group has previously published pooled anal-
ysis of malignant brain tumours diagnosed during the period
1997-2003 [27]. These results were updated including also
results for deceased cases with malignant brain tumours
128,29{. "The results on use of wireless phones were based
on 1251 cases with malignant brain tumour (response rate
85%) and 2438 controls (response rate §4%).

Most cases had glioma (n=1148) so we present in the fol-
lowing results for that type of tumour. Latency was divided
in three categories, >1-5 years, >5-10 years, and >10 years
from first use of a wireless phone until diagnosis of glioma.
Both use of mobile and cordless phone gave an increased risk
overall, highestin the latency group >10 years, increasing fur-
ther for ipsilateral use yielding for mobile phone OR =2.9,
95% Cl=1.8-4.7 and for cordless phone OR=318, 95%
Cl=1.8-8.1, lable 2. Highest ORs were found in the > 10 year
latency group for total wireless phone use as well, OR=2.1,
95% Cl1=1.6-2.8 or a doubling of glioma risk.

OR increased statistically significant for glioma for cumu-
lative use of wireless phones per 100h; OR=1.014, 95%
Cl=1.008-1.019, and per year of latency; OR =1.056, 95%
CI=1.037-1.075[29]. Separate calculations of mobile phone
and cordless phone use yielded similar results with statisti-
cally significant increasing risks.

It is common for a person to use both a mobile and a
cordless phone. For only use of mobile phone OR increased
for glioma with time since first use yielding for >10 years
latency OR =2.6, 95% Cli = 1.7-4.1, For only cordless phone
use highest risk was obtained in the >5-10 years latency time;
OR = 1.9, 95% CI = 1.3-2.9. However, the calculations in the
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longest latency period were based on few subjects regarding
cordless phone.

In Table 2 results are presented for high-grade astrocy-
toma (n = 820). The results arc similar as for the whole glioma
group. Low-grade glioma is less common and the results in
this study were based on 132 cases. Ipsilateral use of mobile
phone yielded in total OR =1.8, 95% Cl=1.02-3.1 (n=39
cases) and cordless phone OR=1.7, 95% CI=0.98-3.1
(n=34 cases, data not in 'Table). Further results and discus-
sion may be found elsewhere |29].

The Interphone study was conducted at 16 research centres
in 13 countries during varying time pertods between 2000 and
2004. It was an international collaboration on brain tumour
risk and mobile phone use conducted under the guidance of
IARC. The investigation was initiated by recommendations
from several expert groups including one of the authors, Kjell
Hansson Mild as a member of the EU group, to study possible
health effects of exposure to RE-EMF [30,31]. 1t should be
noted that there was no overlap of cases or controls between
the Hardell group studies and the Swedish part of Interphone
performed by another research group.

Some of the separate country analyses of the Interphone
study produced contradictory results, as we have discussed
elsewhere {13,32]. An increased risk for brain tumour was
found in some studies and decreased risk in other studies.
After several years of delay the overall Interphone results
were finally published in May 2010 [9].

The study included 4301 glioma cases and the results were
based on 2708 participating cases (response rate 64%, range
by centre 36-92%). In total 14,354 potential controls were
identified and interviews were completed with 7658 (53%,
range 42-74%). 'I'he low participation rates in some centres
may have created selection bias, see Hardell et al. |32].

Regular use of mobile phone in the past >1 year gave
for glioma OR=0.81, 95% CI=0.70-0.94, Table 2. Sub-
group analyses showed statistically significant increased risk
in the highest exposure group, i.c., those with cumulative
mobile phone use >1640h, which corresponds to about
half an hour of use per day for ten years, OR =140, 95%
Cl=1.03-1.89. The risk increased further for glioma in the
temporal lobe yielding OR =1.87,95% Cl = 1.09-3.22. In the
same exposure category, cumulative use >1640h and ipsi-
lateral exposure produced OR = 1.96, 95% Cl1=1.22-3.16 in
total (no data given for temporal lobe).

In Appendix 2, available on the web [9] analysis was
restricted to ever-regular users of mobile phones in the Inter-
phone study. Cumulative call time >1640h gave OR =1.82,
95% Cl=1.15-2.89 compared with use <5 h. Time since start
of regular use (latency) > 10 years produced OR =2.18,95%
Cl=1.43-3.31; reference entity 1-1.9 years.

The Interphone study group concluded: “However, biases
and errors limit the strength of the conclusions we can
draw from these analyses and prevent a causal interpreta-
tion.” In an editorial accompanying the Interphone results the
main conclusion of the Interphone results was described as
“both elegant and oracular. . (which) tolerates diametrically
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opposite readings” [33]. They also pointed out several
methodological reasons why the Interphone results were
likely to have underestimated the risks, such as the short
latency period since first exposures became widespread;
less than 10% of the Interphone cases had more than 10
years exposure. “None of the today's established carcino-
gens, including tobacco, could have been firmly identified as
increasing risk in the first 10 years or so since first expo-
sure”.

As has pointed our elsewhere |32] there were differences
between the Hardell group studies and Interphone. Regarding
age group the Hardell group studies included subjects aged
20-80 years, versus 30-59 years in Interphone. Furthermore
use of cordless phones was not properly assessed, analysed
or reported in Interphone. These differences have been dis-
cussed in detail by Hardell et al. {14]. Thus, it could be shown
that restricting the age group to 30--59 years and consider-
ing subjects that used a cordless phone as unexposed in the
Hardell group studies reduced the OR and produced results
quite similar to Interphone, Table 3; see also ‘Table 11 as
discussed below. Latency time >10 years for glioma in the
temporal lobe yielded OR = 1.40, 95% CI=0.70-2.81 in the
Hardell group studies and OR =1.36, 95% Cl=0.88-2.11
in Interphone (latency >10 years). Unfortunately the Inter-
phone study did not give results for glioma in the temporal
lobe in the analyses in Appendix 2. Thus, excluding exposure
to RF-EMFs from cordless phones as in the Interphone study,
as well as excluding the younger and older subjects biased
the ORs towards unity, which likely dilutes the ability (o see
health risks.

Most mobile phone users have not been using one single
telephone. It is likely that they have changed their handset
several times if they have been using a mobile phone for
more than a few years. Many users have also been using
different phone systems, such as analogue and digital, and
many of them have also been using a cordless phone at home
or at work. It is not clear how to combine the use of different
phones with differcnt power outputs, systems, frequencies
and anatomical specific absorption rate (SAR) distributions
into one exposure and dose measure. The difficulties lie in the
fact that there is no generally accepted mechanism(s) between
the electromagnetic fields emitted from the phone and the
biological organism. This includes a mechanism by which
RFE-EMF exposure produces changes in DNA. The energy
level associated with exposure is too low to cause direct DNA
strand breaks and DNA cross links. However, DNA damages
can be caused by cellular biochemical activities such as free
radicals. Several studies indicate that RE-EMPFs increase free
radical activity in cells, as reviewed by Phillips et al. |34].
This process is probably mediated via the Fenton reaction. 1t
should also be noted that possible biological effects might not
have linear dose~response as indicated in some studies |35]
and that the effects are depending on the carrier frequencies
136].

‘The different types of phones have different output
power. We applied different weighting factors according to

the mean output power of the phones using for analogue
phones (NMT)=1, GSM=0.1 and cordless phones=0.01.
The cumulative time for use of the different phone types was
multiplied with the respective weighting factor added into
one score. The median score among the controls was used
as the cul-off in the dose~response calculations. We applied
this method for the study period 1 January 1997 to 30 June
2000 121,22}, Somewhat higher ORs were obtained using the
weighting factor, especially with a >10-year latency period,
compared with calculations based on cumulative use only,
but overall the results were similar {37]. This was explained
by the fact that most subjects had used an analogue mobile
phone with the weighting factor = 1, thus the weighting factor
had little impact on the results.

A further issue is that there is a difference in the out-
put power level from mobile phones between urban and
rural areas. This is caused by adaptive power control (APC)
in the cellular telephone and is regulated by the distance
between base stations. Thus, in arcas with a long distance
between base stations, usually rural areas, the output power
level is higher than in more densely populated areas; that
is, urban areas, with a shorter distance between base sta-
tions. To further explore these circumstances we used the
Swedish population register that contains information on
present municipality for all residents. The municipalities are
clussified by Statistics Sweden into so called homogeneity
regions, six categories depending on the population den-
sity, and the number of inhabitants in the nearest vicinity
of the main city in that municipality. Thus, we used these
official statistics for grouping of the subjects in urban or
rural areas for the study period 1 Janvary 1997 to 30 June
2000. For use of digital mobile phones (GSM) we found
a clear effect of urban versus rural areas |38]. Living in
rural areas yielded OR=1.4, 95% CI=0.98-2.0, increas-
ing to 3.2, 95% Cl=1.2-84 with >3 year latency time for
digital phones, The corresponding ORs for living in urban
areas were 0.9, 95% C1=0.8-1.2 and 0.9, 95% C1=0.6-14,
respectively, This effect was most obvious for malignant brain
tumours.

Estimated RF-EMF dose from mobile phone use in the
tumour area was associated with an increased risk of gliomain
parts of the Interphone study [ 11]. OR increased with increas-
ing total cumulative dose of specific energy (J/kg) absorbed at
the estimated tumour centre for more than 7 years before diag-
nosis giving OR=1.91, 95% Cl = 1.05-3.47 (p trend =0.01)
in the highest quintile of exposure. A similar study based on
less sound methods was later published by another part of the
Interphone study group [39]. The results seemed to contradict
the findings of Cardis et al. [11]. However, a different, less
clear method was used. Only 42 cases had used mobile phone
for more than 10 years and no analysis was made of the most
exposed group with longest duration of use. Thus, this study
is much less informative and less sophisticated than the one
by Cardis et al. |11]. It should have been of great value to
apply the method by Cardis et al. for the whole Interphone
study.



Table 3

Comparison between Hardell group and Interphone using the same age group 30-59 years and excluding use of cordiess phones.

Study Years; study type Age Tumour type No. of Qdds ratio, 95%
exposed cases confidence interval
Hardell et al. 14} 1997-2003; 3059 years Glioma (n=490) 56 OR 1.79 (1.19-2.70)
Case-control -
29 OR 1.75 (1.02-3.00)
20 OR 2.18 (1.09-4.35)
8 OR 1.48 (0.57-3.87)
Interphone Study Group [9] 13 2000--2004, 2-4 years 30-59 years Glioma (n=2708) 252 OR 0.98 (0.76-1.26)
countries; Australia, Canada, depending on study
Denmark, Finland, France, UK, region. Case-control
Germany, Israel, Ialy, Japan, New
Zealand, Norway, Sweden
210 OR 1.40 (1.03-1.89)
100 OR 1.96 (1.22-3.16)
39 OR 1.25 (0.64-2.42)
160 OR 1.82(1.15-2.89)
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Table 4
Use of mobile phones and glioma risk, meta-analysis of Hardell et al. | 14] and Interphone [9], Numbers of exposed cases (Ca) and controls (Co) are given.
Hardell et al. Interphone Meta-analysis
Ca/Co OR, Cl Ca/Co OR, C1 Ca/Co OR, CI
Latency > 10 years
-all 88199 2.26 (1.60-3.19) 2521232 0.98 (0.76-1.26) 340/331 1.48 (0.65-3.35)
-ipsilateral 57/45 2.84 (1.82-4.44) 108/82 1.21 (0.82-1.80) 1657127 1.84 (0.80-4.25)
-contralateral 2929 2.18 (1.24-3.85) 49/56 0.70 (0.42-1.15) 78/85 1.23 (0.40-3.73)
-temporal lobe 28199 2.26 (1.32-3.86) 94/69 1.36 (0.88--2.11) 122/168 1.71 (1.04-2.81)
Cumulative use >1040 h
-afl 4243 231 (1.44-3.70) 210/154 1.40 (1.03-1.89) 2521197 1.74 (1.07-2.83)
~ipsilateral 29/21 2.94 (1.60-5.41) 100/62 1.96 (1.22-3.16) 129/83 2.29(1.56-3.37)
~contrafateral 12712 2.10 (0.90-4,90) 39731 1.25 (0.64-2.42) 51/43 1.52 (0.90-2.57)
-temporal lobe 14/43 2.44 (121-4.95) 78147 1.87 (1.09-3.22) 9290 2,06 (1.34-3.17)

Random-effects mode] used for all meta-analyses, based on test for heterogeneity in the overall (=10 years and > 1640 h) groups.

3.3. Meta-analysis glioma

We performed a meta-analysis of glioma on use of mobile
phones based on Hardell et al. [14] and Interphone Study
Group [9]. Random-effects model was used based on test
for heterogeneity in the overall (>10 years and >1640h)
groups. The analysis was based on published results in Inter-
phone since we do not have access to their database, Our
results were recalculated to these groups of exposure. Thus,
results can be found in Table 4 for latency > 10 years, (>10
years in Hardell et al.), and cumulative use of mobile phone
>1640h. ‘The meta-analysis yielded for mobile phone use
OR =171, 95% Cl=1.04-2.81 for glioma in the tempo-
ral lobe in the > 10 years latency group. Ipsilateral mobile
phone use >1640h in total gave the highest risk, OR = 2.29,
95% ClI=1.56-3.37. Certainly the meta-analysis strength-

ens a causal association between use of mobile phones and
glioma.

3.4. Meningioma

Meningioma is the most common benign brain tumour. It
develops from the pia and arachnoid that covers the central
nervous system. Meningioma is an encapsulated and well-
demarked tumour. 1t is rarely malignant. More women than
men develop meningioma.

In the first study by Hardell et al. | 15] only 46 cases had
meningioma. No increased risk was found overall; OR = 1.05,
95% C1=0.49-2.27, Table 5. Only 16 cases had used a mobile
phone. There was no pattern of increased risk for ipsilateral
use, although the results were based on low numbers.

The US study by Inskip et al. [19] included 197 cases with
meningioma. Regular mobile phone use produced OR =0.8,
95% Cl=0.4-1.3, Table 5. The risk did not increase with
average daily use, cumulative use, or duration of regular use.
However, results for duration of regular use >5 years was
based on only 6 exposed cases.

‘The Finnish register based case-control study on brain
tumours by Auvinen et al. [20] included 129 cases with

meningioma. Ever use of mobile phone gave OR=1.1,
95% C1=0.5-2.4, analogue phone use OR=1.5, 95%
CI=0.6-3.5, Table 5. As discussed above the study was
limited by short latency and exposure based on subscription
information.

The Hardell group made a pooled analysis of benign
brain tumours from the two case-control studies 1997-2003
as discussed above [40,41]. Regarding meningioma use of
mobile phone gave OR = 1.1, 95% C1=0.9-1.3, and cordless
phone OR=1.1, 95% Cl =0.9-1.4, Tablc 5. Using >10 year
latency period OR increased; for mobile phone to OR=1.5,
95% C1=0.98-24, and for cordless phone to OR= 1.8,
95% Ci=1.01-3.2. Ipsilateral mobile phone use in the >10
years latency group yielded OR=1.6, 95% CI=0.9-2.9,
and cordless phone OR=3.0, 95% Cl=1.3-7.2. These
results were based on rather low numbers of exposed cases,
however.

In the Interphone study [9] a statistically significant
decreased risk was found for meningioma for regular
use of mobile phone, OR=0.79, 95% Cl=0.68-0.91,
Table 5. The risk increased somewhat with cumulative use
> 1640 h and ipsilateral mobile phone use to OR = 1.45, 95%
CI=0.80-2.61. The overall pattern of no association did not
change if analysis was restricted to tumours in the temporal
lobe or only to the group of ever-regular use.

3.5. Meta-analysis meningioma

Similarly as for glioma we performed meta-analysis of
meningioma for use of mobile phone on the Hardell group
and Interphone results, Table 6. Random-effects model was
used in the > 10 years group based on test for heterogeneity
in the overall group. For analyses of > 1640 h no heterogene-
ity was found in the heterogeneity test; random- and fixed
effects models produced identical results. In summary no sta-
tistically significant decreased or increased risks were found.
These results support the conclusion that up to latency >10
years or camtutlative use > 1640h there is not a consistent
pattern of an association between use of mobile phones and
meningioma.



“Table 5

Summary of studies on the use of wircless phones and meaingioma risk.

Study Years; study type Age Tumour type No. of Odds ratio, 95% Comin
exposed cases confidence interval
Hardell et al. [ 15} Sweden 1994--1996; 20-80 years Meningioma (n=46) 16 OR 1.05 (0.49-2.27) Analo
Case-control
Inskip et al. [19] USA 1994-1998; >18 years Meningioma (n = 197) 32 OR 0.8 (0.4-1.3) Regul:
Case-control : .
6 OR09(0.3-2.7) >5ye
Auvinen et al. {20} Finland 1996; Case-conlrol, 2069 years Meningioma (n=129) Not given OR 1.1 (0.5-2.4) Analo,
register based
8 OR 1.5 (0.6-3.5) Analoy
3 OR 1.6 (0.4-6.1) Analyy
2 OR 1,0(0.2-4.4) Analoy
Hardel) et al. (40], Hurdell, Cartherg 1997-2003; 20--80 years Meningioma (n=916) 347 OR L1 (09-1.3) >1 yea
{41] Sweden Case~contro)
38 OR 1.5 (0.98-2.4) >10ye
18 OR 1.6 (0.9-2.9) >10ye
294 OR 1.1 (0.9-1.4) > yea
23 OR 1.8 (1.01-3.2) >10ye
11 OR3.0(1.3-7.2) >10ye
use
Interphone Study Group [9] 13 2000-2004, 2-4 years 3059 years Meningioma 1262 OR 0.79 (0.68-0.91) Regula
countlries; Australia, Canada, depending on sludy (n=2409)
Denmuack, Finland, France, UK, region. Casc-control
Germany, Isracl, Htaly, Jupan, New
Zealand, Nocway, Sweden .
130 OR 1.15 (0.81-1.62) Cutnul:
21 OR 0.94 (0,.31--2.86) Cumul:
umour:
46 OR 145 (0.80-2.61)  Cumuls
ipsiiute,
Interphone [9] Appendix 2 Meningioma (n1=842) 362 OR 0.90 (0.62-1.31) Restrict
2-4 yea
288 OR 0.75 (0.51-1.10) Restrict
5-9 yea
76 OR 0.86 (0.51--1.43) Reslrict
104+ yea
96 OR 1.10 (0.65-1.85) Restrict

referen
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Table 6
Use of mabile phones and meningioma risk, meta-analysis of Hardell, Carlberg [41] and Interphone [9]. Numbers of exposed cases (Ca) and cantrols (Co) are
given,

Hardell et al. Interphone Meta-analysis

CafCo OR, CI Ca/Co OR, Ct CaiCo OR, C1
Latency > 10 years
-all 38199 1.52 (0.98-2.37) 1107112 0.83 (0.61-1.14) 148/211 1.10 (0.61-1.99)
-ipsilateral 18/45 1.59 (0.86--2.95) 40/42 0.88 (0.52--1.47) 58/87 1.16 (0.65-2.06)
<contralateral 12729 1.57 (0.75-3.31) 2025 0.58 (0.29-1.16) 32/54 093 (0.36-2.51)
<femporal Jobe 1099 2.46 (1.08-5.6() 12112 0.60 (0.22-1.62) 22/111 1.25 (0.31-4.98)
Cumulative use 21640 h
-all 10/43 0.85 (0.41-1.75) 130107 1.15 (0.81-1.62) 140/150 109 (0.80--1.49)
-ipsilateral 621 1.1 (0.42-2.88) 46/35 145 (D.80-2.61) 52/56 1.35 (0.81-2.23)
-contralateral 312 0.98 (0.26-3.61) 28/28 0.62 (0.31-1.25) 31/40 0.69 (0.37-1.27)
~temporal lobe 1/43 0.52 (0.07-3.95) 2114 0.94 (0.31-2.86) 22457 0.82 (0.31-2.17)

Random-effects mode! used for meta-analyses of > 10 years, based on test for heterogeneity in the overall group. For meta-analyses of > 1640 h no heterogeneity

was found; random- and fixed effects models produced identical results.

3.6. Acoustic neuroma

Acoustic neuroma or Vestibular Schwannoma is a benign
tumour that is located in the eighth cranial nerve that leads
from the inner ear to the brain. This tumour type does not
undergo malignant transformation. It tends to be encapsu-
lated and grows in relation to the auditory and vestibular
portions of the nerve. It is a slow growing tumour in the audi-
tory canal but grows gradually out into the cerebellopontine
angle with potential compression of vital brain stem centres.
‘Tinnitus and hearing problems are usual first symptoms of
acoustic neuroma. Although neuroma is a benign tumour it
causes persistent disabling symptoms after treatment such
as loss of hearing and tinnitas that severely affect the daily
life. The eighth cranial nerve is located close to the handheld
wireless phone when used, so there is particular concern of
an increased risk for neuroma development due to exposure
to RF-EMF emissions during use of these devices.

In the first study by Hardell et al. {15] in Sweden only
13 cases had acoustic neuroma, Five cases reported use of
mobile phone, only one with ipsilateral use. The numbers
were too Jow to make meaningful interpretation of an asso-
ciation, 'lable 7.

Inskipet al. [ 19] included 96 cases with acoustic nearoma
in their US case-control study. No increased risk was found
for regular use of mobile phone, Table 7. Duration of regular
use >3 years gave OR=1.9, 95% CI=0.6-5.9. This result
was based on only 3 exposed cases and there were no resulls
on long-term use. Furthermore only 1 case had cumulative
use >500 h.

Muscat et al. [42] presented results from a hospital
based case-control study on acoustic neuroma on 90 (100%
response rate) patients and 86 (100%) controls. Mobile phone
use 1-2 years gave OR =0.5, 95% C1=0.2-1.3 (n=7 cases),
increasing to OR=1.7, 95% CI=0.5-5.1 (n=11 cases), in
the group with 3-6 years use, Table 7. Average use among
cases was 4.1 years and among controls 2.2 years.

The pooled analysis of the Hardell group studies yielded in
total OR=2.9, 95% CI = 2.0-4.3 for use of analogue mobile

phone and OR = 1.5,95% C1 1.1-2.1 for use of digital mobile
phone {40}. Use of mobile phones gave for acoustic neu-
roma OR=1.7, 95% Cl=1.2-2.3 increasing to OR=2.9,
95% CI=1.6-5.5 with >10 years latency period, Table 7.
Ipsilateral use increased the risk further; in the >10 years
latency group to OR=3.0, 95% Cl=1.4-4.2 |41]. Cordless
phone use gave OR=1.5, 95% Cl=1.04-2.0 increasing to
OR=1.7,95% Cl=1.2-2.5 for ipsilateral use.

A case-case study on acoustic neuroma was conducted
in Japan {43}. 'The cases were identified during 2000--2006
at 22 participating neurosurgery departments. 'I'he diagnosis
was based on histopathology or C1/MRI imaging. Of 1589
cases 816 (51%) agreed to participate and answered a mailed
questionnaire. A total of 787 cases were included in the final
analysis. Two datasets were analysed, one consisted of 362
cases without any tumour related symptoms | year before
diagnosis, and another consisted of 393 cases without any
symptoms § years before diagnosis. Cases with ipsilateral
use were regarded as exposed and those with contralateral usc
were assumed 0 be unexposed and were used as the refer-
ence category. Overall no increased risk was found. However,
for average daily call duration >20 min with reference date 1
year Risk Ratio (RR)=2.74, 95% Cl = 1.18-7.85 was found
increasing to RR =3.08, 95% Cl=1.47-7.41 with reference
date 5 years before diagnosis, Table 7. Unfortunately no
results were given for cumulative number of hours for use
over the years. For cordless phones no increased risk was
found but the analysis was not very informative.

In the Interphone study {10} 1121 (82%) acoustic neuroma
cases participated, range 70-100% by centre. Of the con-
trols 7658 (53%) completed the interviews, range 35~74% by
centre. The final matched analysis (1:1 or 1:2) consisted of
1105 cases and 2145 controls. Overall no increased risk was
found censoring exposure at one year or at 5 years before ref-
erence date, OR =0.85, 95% Cl =0.69-1.04 and OR =0.95,
95% C1=0.77-1.17, respectively, Table 7.

Cumulative number of hours of ipsilateral mobile
phone use >1640h up to 1 year before reference date
gave OR=2.33, 95% Cl=1.23-4.40 and contralateral use



Table 7

Summary of studics oa the use of wireless phones and acoustic ncuroma risk.

Study Years Study Type Age Tumour type  No. of exposed cases  Odds ratio, 95% Comt
confidence interval
Hardelt et al. [15] Sweden 1994--1996; Case-control 20-80 years  Acuoustic 5 OR 0.78 (0.14-4.20) >l ye
EUROHIa
n=13)
Inskip et al. [19] USA 1994-1998; Case-control >18 years Acoustic 22 OR 1.0(0.5-1.9 Regul
neuroma
(n=96)
5 OR 1.9 (0.6-5.9) =5ye
Muscat et al. 142] USA 1997--1999; Case-control >18 years Acouslic 11 OR 1.7 (0.5-5.1) 3-6 ye¢
neuroma
(n=90)
Hurdell ct al. {40], Hardell, Carlberg 1997-2003; Casc-control 20-80 years  Acoustic 130 OR 1.7(1.2-2.3) > yea
[41] Sweden neuroma
(n=243)
20 OR2.9(1.6-5.5) >0 ye
13 OR 3.0 (1.4-6.2) >10ye
4 OR 1.3 (04-3.8) >10 ye
3 OR 2.3 (0.6-8.8) >0ye
use
Sato et al. [43] Japan 2000--2006;, Case-case All ages Acouslic 97 RR 1.08 (0.93-1.28) Mobile
neuroma diagnor
(n=T787)
86 RR 1.14 (0.96-1.40) Mobile
diagnot
18 RR 2.74 (1.18-7 85) Mobile
diagnos
ipxilate
28 RR 3.08 (1.47-7.41) Mobile
diagnos
ipxilate
45 RR 0.93 (0.79-1.14) Cordies
diagnos
125 RR 1.02 (0.91-1.17) Cordles.
diagnos
interphione Study Group {10] 13 2000-2004, 2-4 years 30-59 years  Acouslic 643 OR 0.85 (0.69-1.04) Mobile |
counlries; Australia, Canada, depending on study neuroma referenc
Denmak, Fintand, France, UK, region. Case-control (n=1108)

Germany, Isracl, ftaly, Jupan, New
Zealand, Norway, Sweden



Interphone [10] 13 countries; 2000-2004, 2-4 years

Australia, Canada, Denmark, depending on stady
Finland, France, UK, Germany, region. Case-control
Israel, ltaly, Japan, New Zealand,

Norway, Sweden

30--59 years Acoustic 304
neuroma
(n=1105)

47
27

37

225

209

72

OR0.95 (0.77-1.17)

OR 1.32 (0.88-1.97)
OR 2.79 (1.51-5.16)
OR 2.33 (1.23-4.40)
OR 3.53 (1.59-7.82)
OR 1.93 (1.10-3.38)

OR 3.74 (1.58-8.83)

OR 1.41 (0.82-2.40)
OR 1.38 (0.80-2.39)
OR 1,08 (0.58-2.04)

OR 174 (0.50~3.36)

Mobil
referes

Cumul
year b
Cumul
years t
Cumul
year tx
Cumul
yeurs b
Cumul
past st
Cumul
past st
ipsilate
Restric
2-4 ye:
Restric
5.9 yes
Restricl
10+ yes
Rusirict
referem
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OR =0.72,95% CI =0.34-1.53 for acoustic neuroma, Table 7
[10]. For cumulative number of hours of ipsilateral mobile
phone use >1640h up to 5 years before reference date
OR =3.53, 95% ClI=1.59-7.82, and for contralateral usc
OR=1.69, 95% Cl=0.43-6.69 were obtained. The risk
increased further for cumulative ipsilateral use >1640h
with start >10 years before reference date to OR =374,
95% ClI=1.58-8.83. Contralateral use in that group yielded
OR=0.48, 95% Cl=0.12-1.94, however based on only 4
exposed cases and 9 exposed controls. Overall OR=1.93,
95% CI = 1.10-3.38 was obtained for long-term use with start
>10 years before reference date and cumulative call time
>1640h.

Similar analyses of the data as in Appendix 2 for glioma
[9]. yielded highest OR for acoustic neuroma in the shortest
latency group, 24 years before reference date, OR=141,
95% Cl1=0.82-2.40 |10}. Lower OR was calculated in the
> 10 years group, OR = 1.08, 95% Cl = 0.58-2.04. Somewhat
higher risk than in total, OR = 1.32, 95% Cl = 0.88~1.97, was
found for cumulative mobile phone use >1640h; OR = 1.74,
95% ClI=0.90-3.36, in this analysis restricted to only regular
users. No results were given for ipsilateral use.

3.7. Meta-analysis acoustic neuroma

Table 8 shows results for use of mobile phone and the
association with acoustic neuroma based on results by the
Hardell group and Interphone study. Random-effects model
was used based on test for heterogeneity in the overall
(=10 years and >1640 h) groups. The same exposure groups
as in the meta-analyses of glioma and meningioma were
used. For the latency group =10 years highest risk was
obtained for ipsilateral use, OR=1.81, 95% Cl1=0.73-4.45.
The risk increased further for cumulative use > 1640 h yield-
ing OR=2.55, 95% CI=1.50-4.40 for ipsilateral use. The
meta-analysis strengthens a causal association between use
of mobile phones and acoustic neuroma.

3.8. Other types of brain iumours

Results for other types of brain tumours from the Hardell
group diagnosed during 1997-2003 included medulioblas-
toma (n=6), ependymoma (n = 19) and other malignant types
(n=46). In total using >1 year latency time no statistically
significant increased risk was found for mobile phone use,
OR=1.2,95% CI=0.7-2.1 for these tumour types grouped
together [41]. However, with >10 years latency the risk
increased to OR=3.2, 95% Cl=1.2-8.8 in total; for ipsi-
Iateral use OR=4.1, 95% Cl=1.03-16. For cordless phone
use no statistically significant decreased or increased risk was
found (data not in Table). For pituitary adenoma (n=34) and
other types of benign brain tumours (n=62) no statistically
significant associations were found overall. In the >10 year
latency group ipsilateral mobile phone use gave OR=4.7,
95% Cl = 1.1-21 for benign tumours other than pituitary ade-
noma (central location in the brain and not included in these

calculations) but based on only 4 exposed cases. Thus, several
of the calculations were based on low numbers.

Takebayashi et al. [44] included 102 cases with pituitary
adenoma in the Japancse part of Interphone from December
2000 to November 2004. The response rate was 76%; 102
out of 135 cases. Of the individually matched controls 208
(49%) of 421 participated. In the statistical analysis 161 con-
trols were used to 101 cases; one case was excluded since not
diagnosed within study period. Regular mobile phone use
yielded OR =0.90, 95% Ci=0.50-1.61. Cumulative length
of use in years or cumulative call time in hours produced
no pattern of an association and there was no statistically
significant trend. The cut off for highest quartile of cumula-
tive use was 560 h producing OR = 1.33, 95% CI=0.58-3.09
(n=21 cases, 27 controls exposed). Since pituitary adenoma
is a centrally located tumour in the pituitary gland in sella
turcica there was no laterality analysis.

In parallel with the Interphone study, pituitary tumours
were studied in Southeast England using the same protocol
{45]. 'The inclusion period was from December 2000 until
February 2005. In total 506 eligible cases were identified. Of
them 317 (63%) were interviewed and 291 (58%) included in
the final analysis. Eligible controls from patient lists at gen-
eral practitioners in the study region were 1464 subjects, and
630 (43%) were interviewed. Regular use of mobile phone
gave OR=0.9,95% Cl1=0.7-1.3. No stalistically significant
trend for the risk was found for lifetime use in years or cumu-
lative use in hours. For > 10 years since lirst use and >51 hof
cumulative use (median number in that catcgory) OR = 1.6,
95% Cl=0.8~3.6 (n=16 cases, 23 controls exposed) was
found.

3.9. Risks to children and adolescents

Children have smaller head and thinner skull bone than
adults. Their brain tissue has also higher conductivity and
these circumstances give higher absorption from RF-EMF
than for adults |6,46,47]. The developing brain is more sensi-
tive to toxins [48] and it is still developing until about 20 years
of age [49]. Use of wireless phones is widespread among
children and adolescents {50,51]. 'The greater absorption of
RF energy per unit of time, the greater sensitivity of their
brains, and their longer lifetimes with the risk to develop a
brain tumour leaves children at a higher risk than adults from
mobile phone radiation.

The Hardell group has published results for different age
groups at the time of diagnosis {52} or age at first use of
wireless phones [12,13,28]. Three age groups for first use
of a wireless phone were used: <20 years, 2049 years and
5080 years. Highest risk for glioma was found for first
use of mobile phone or cordless phone before the age of
20 years, Table 9. Thus, mobile phone yielded for glioma
OR=3.1, 95% Cl=14-6.7 and cordless phone OR 2.6,
95% Cl=1.2-5.5. 'T'he risk increased further for ipsilateral
mobile phone use in the youngest age group to OR =44,
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Table 8
Use of mabile phones and acoustic neuroma risk, meta-analysis of Hardell, Cariberg [41] and Interphone [10]. Numbers of exposed cases (Ca) and controls
(Co) are given.

Hardell et al. Interphone Meta-analysis

Ca/Co OR, CI CalCo OR, Ci CaCo OR, CI
Latency > 10 years
-all 2099 2.93 (1.57-5.46) 68/141 0.76 (0.52-1.11) 88/240 1.46 (0.39-5.47)
-ipsilateral 13/45 297 (1.42-6.21) 44/52 1.18 (0.69-2.04) 5797 1.81 (0.73-4.45)
-contralateral 6/29 2.38 (0.89--6.35) 17130 0.69 (0.33-1.42) 23/59 1.22 (0.37-4.11)
Cumulative use > 1640 h
-all 10743 2.86 (1.33-6.14) o7 1.32 (0.88-1.97) 87/150 1.81 (0.86-3.81)
-ipsilateral "\ 3.10(1.21-7.95) 47146 2.33(1.23-4.40) 54/67 2.55 (1.50-4.40)
-contralateral 32 2.28 (0.60-8.71) 16/26 0.72 (1.34-1.53) 19138 1.12 (0.37-3.34)

Random-effects model used for all mets-unalyses, bused on test for heterogeneity in the overall (210 yeans and > 1640 h) groups.,

95% Cl=1.3~15 for mabile phone use and to OR =4.3, 95%
Cl=1.4-13 for cordless phone use.

Also for acoustic neuroma the risk was highest in the
youngest age group with OR =5.0, 95% Cl = 1.5-16 for use
of mobile phone increasing to OR = 6.8, 95% CI = 1.4-34 for
ipsilateral use. Only one case had first use of cordless phone
before the age of 20, so no conclusions could be drawn for
cordless phones. Regarding meningioma no clear pattern of
age-dependent increased risk was seen.

There are few other studies on brain tumour risk for chil-
dren from use of wireless phones. Mobikids is one study that
is on-going. A multi-centre case-control study was conducted
in Denmark, Sweden, Norway, and Switzerland, CEFALO
|53}, It included children and adolescents aged 7-19 years
and has been commented elsewhere in detail since serious
methodological problems exist in the study design and inter-
pretation of the results [34].

In CEFALO a statistically non-significant increased risk
for brain tumours among regular users (one call per week for
at least 6 months) of mobile phones was found; OR =1.36,
95% CI1=0.92-2.02. This OR increased somewhat with
cumulative duration of subscriptions and duration of calls

“Tubic 9

[53]. No data for long-term use were given; the longest
latency period was 5 years. Interestingly, further support of &
true association was found in the results based on operator-
recorded use for 62 cases and 101 controls, which for time
since first subscription >2.8 years yielded a statistically sig-
nificant OR of 2.15, 95% Cl =1.07-4.29, with a statistically
significant trend (p =0.001).

Use of cordless phones was not well assessed. The authors
stated that such use was covered only in the first 3 years of use.
No explanation was given for this most peculiar definition.
Wireless phone use was not considered, that is use of both
mobile phones and cordless phones as the relevant exposure
category, as used by the Hardell group and adopted by 1ARC
[ t]. Instead Aydin et al. |53 ] included use of cordless phones
in the ‘unexposed’ category when risk estimates were calcu-
lated for mobile phone use. Similarly, when use of cordless
phones was analysed mobile phone use was regarded as 'no
exposure’. Thus, an increased risk was potentially concealed.

The authors summarised that they “did not observe
that regular use of a mobile phone increased the risk for
brain tumors in children and adolescents.” An editorial in
the same journal accompanied that conclusion by stating

Odds ratio (OR) and 95% confidence interval (C1) for glioma, meningioma and scoustic neyroma in different age groups for first use of the wircless phome
[26-28,40]. Numbers of expused cases (Ca) and controls (Co) are given. Adjustment was made for age, gender, SEl-code, year of dingnosis. For glioma

adjustient was also made for vital stats,

Gliomu (n= 1148) Meningioma (n=916) Acoustic neuroma (n=243)
Ca/Co OR,CI Ca/Co OR, CI Ca/Co OR, CI
Wireless phone (mobile and cordless phone) 67071267 L3 (1.1-1.5) 4611172 1.0 (0.9-1.2) 155/1172 1.5(1.1-2.0)
<20 years old 25127 23(1.34.3) 627 1.0 (0.4-2.6) 5127 2.4 (0.8-7.3)
20-49 years oid 3711146 1.3 (1.1-1.6) 27611 1.3(1.02-16) 103/711 1.8 (1.2-2.6)
=50 years old 268/494 1.3(1.1-1.6) 179/434 09(0.7-12) 47/434 1.3 (0.9-1.9)
Mobile phone 5297963 1.3(1.1-1.6) 3476500 1.1 (0.9-1.3) 130/900 1.7 (1.2-2.3)
<20 years old 17714 3.1(.4-67 5/14 1.9 (0.6-56) 514 5.0 (1.5-16)
2049 years old 315/581 1.4 (1.1-1.7) 210/555 1.3 (0.99-1.6) 86/555 20(1.3-2.9)
>50 years old 1977368 1.3 (1.01-1.6) 132331 1.0(0.8-1.3) 39/331 1.4 (0.9-2.2)
Cordiess phone 4021762 1.3 (1.1-1.6) 294/701 1.1 ©.9-1.4) 967701 1.5 (1.04-2.0)
<20 years old 16/16 2.6 (1.2-5.5) 2116 0.5 (0.1-2.2) 1716 0.7 (0.1--5.9)
20-49 years old 206/437 1.2 (0.9-1.5) 167/416 1.3 (0.98-1.6) 65/416 1.7 (L.1-2.5)
=50 years old 1807309 14 (1.7 125/269 1.1 (0.8-1.4) 307269 1.3 (0.8-2.1)
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that the study showed “no increased risk of brain tumors
in children and adolescents who are regular cell phone
users” [55]. This was echoed by a news release from
the Karolinska Institute in Stockholm claiming that the
results of no increased risk were ‘reassuring’ (bitp://ki.se/ki/
Jsp/polopoly.jsp?d=130&a=125250&I=¢n&ncwsdep=130).

However, these statements go far beyond what the study
really showed. In fact, the results indicate a moderately
increased risk, in spite of low exposure, short latency period
and limitations in study design and analyses. Aydin et al.
discussed recall bias — that people tend to overestimate their
number of calls — and interestingly they showed that controls
overestimated their number of calls more than cases [56]. It
was concluded that it was unlikely that a false positive result
occurred in CEFALO and that the OR was underestimated
for heavy users. Certainly the results in the article {53]
cannot be used as reassuring evidence against an association,
as discussed in our commentary {54].

3.10. Danish cohort study on mobile phone users

Ideally a cohort study on wireless phone users would
be of substantial value. However, several problems exist to
establish a cohort with high quality assessed exposure. For
example use of both mobile phones and cordless phones vary
over lime and exposure to RF-EMF emissions also depends
on several physical characteristics for different phone types.
An attempt to establish a cohort of mobile phone users was
made in Denmark in co-operation between the Danish Cancer
Society and the International Epidemiology Institute (1K),
Rockville, MD, USA. It was financed by grants from two
Danish telecom operation companies (leleDenmark Mohil
and Sonofon), 1El, and the Danish Cancer Society. The source
of money for IEI has not been disclosed.

The first results from the Danish study on brain tumour
risk among mobile phone subscribers were published in
2001 [57). It included subjects from January 1, 1982 until
December 31, 1995 identified from the computerised files
of the two Danish operating companies, TeleDenmark Mobil
and Sonofon. A total of 723,421 subscribers were initially
identified but the final cohort consisted of only 58% of these
subjects. Due to lack of names of individual users 200,507
corporate users were excluded. They were expected to be the
heaviest users and such exclusion would underestimate any
risk estimates. It should be noted that duration of subscription
of a digital phone was at most >3 years (n=9) and that two
thirds of the subscriptions began in 1994 and 1995. In other
words, the majority of the cohort members had two years or
less of subscription time. This and other shortcomings in this
cohort study have been discussed elsewhere in detail {58].
The Danish study was part of the IARC evaluation but it
was concluded that the methods nsed could have resulted in
considerable misclassification in exposure assessment {1].

The first update of the Danish study gave follow-up data
until 2002 159]). 'The median time since first subscription
was this time 8.0 years. Tt was now stated that the cohort

members were excluded from the reference population,
which seems not to have been the case in the first publication.
The Standardised Incidence Ratio (SIR) for glioma was close
to unily, SIR=1.01, 95% Cl1=0.89--1.14. The highest SIR
was found for glioma in the temporal lobe where RE-EMF
exposure from a mobile phone would be highest, SIR = 1.21,
95% C1=0.91-1.58 (n=54 cases).

After the outcome of the IARC-evaluation was made pub-
lic in June 2011 {1} two additional reports on the Danish
cohort were soon published. Both were new up-dates of
mobile phone subscribers and included more information on
risk related to longer follow-up. One focused on acoustic neu-
roma [60] while the other gave results both for all cancers and
separately for glioma and meningioma [61].

Approximately 2.9 million of the Danish population of 5.5
million in total was included in the record linkage study on
acoustic neuroma [60]. Of the 2.9 million subjects 420,095
were mobile phone subscribers that started their subscription
19871995 and in accordance with the aim of the study had
lasted for > 11 years, i.e., 19982006 during which period the
tumour cases were ascertained. No evidence of an increased
risk was found for > 11 years of subscription; adjusted Inci-
dence Rate Ratio (IRR) was 0.87, 95% Cl =0.52-1.46.

The analysis of long-term exposure (> 11 years) was based
on only 15 exposed cases with acoustic neuroma all of which
were men. Analysis of tumour size was based on even fewer
cases; 8 had a subscription for >11 years. As for the risk
related to laterality Schiiz et al. |60 compared the location of
acoustic neuroma in long-term mobile phone subscribers with
shorter use (<11 years) and non-subscribers to see if tumours
occurred more frequently on the side which was assumed to
be the mostly exposed. ‘This assumption was based on eco-
logical data from the prospective study, COSMOS, as proxy
for laterality [62]. Due to these facts the argument of no lat-
erality risk is not very impressive, especially when applied to
only 15 exposed cases.

The fourth report on the Danish mobile phone cohort on
tumours of the central nervous system showed no overall
increased risk |61]. This was true also when restricted to the
individuals with the longest mobile phone use, >13 years of
assumed subscription.

"This time the number of the cohort was reduced to 358,403
(49.5%) of the initially identified subscribers (n=723,421).
‘This number was also used in the study on acoustic neu-
roma [60]. The major additional exclusion (n=54,350) was
due to record linkage with the Danish so-called CANULI
cohort on sociceconomic factors [63]. That register started
1990 and included subjects from the age of 30. Subscription
holders aged 18-29 years were excluded from the mobile
phone cohor(; this was also the case for the third publication
(acoustic neuroma), see above. Follow-up of cancer started
at January 1, 1990, or at the age of 30 if occurred later, and
ended December 31, 2007.

‘The study period was 1990-2007 |61 but the cohort was
established during 1982-1995. Cancer cases before 1990
were disregarded since the CANULI cohort started in 1990.
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The authors did not discuss the impact of the exclusion of
these subscribers on the results. This exclusion would include
the early users of analogue phones, which seem to have had
higher emissions of RF-EMF than the later digital system,
The authors themselves also stated the following in their
discussion: *. . .we found indications that early subscription
holders before 1995 were in fact heavier users (based on out-
going calls) compared with all subscription holders in the
years 1996~2002.” Analysis of any early effect in the group
who used phones with the highest emissions was most likely
hampered. Moreover, also the youngest users, aged 18-29
years that had previously been included, were now excluded
from the cohort. The fully adjusted model had no substan-
tial effect on the risk estimates, so results adjusted for age
and calendar period should be possible also for the youngest
users. The exclusion of young subscribers could be of impor-
tance since as discussed above studies have indicated highest
risk in subjects that started the use of a mobile or cordless
phone before the age of 20 |28,41}.

Some of the many shortcomings of the Danish cohort
study include: (a) no individual exposure data (e.g. on cumu-
lative exposure, side of head mostly used, and use of cordless
phones); including users of cardless phones in the reference
category; (b) no control for use of mobile phones in the
population after the establishment of the cohort; and {c) no
operator-verified data on years of subscription was available.
These limitations are likely to have led to an underestimate
of any risk in this study. One would expect considerable mis-
classification of mobile phone use both among subscribers
and the reference population since no new subscribers were
included in the exposed cohort after 1995,

‘The publication of the latest update of the Danish study
[61] was accompanied by an editorial by Ahlbom and Fey-
chting from the Karolinska Institute in Sweden [64]. It began
with the statement: “kvidence is reassuring, but continued
monitoring of health registers and prospective cohorts is
still warranted.” They pointed out methodological advan-
tages, such as elimination of non-response and selection
bias, but did forget to mention that less than 50% of the
initial cohort remained for unalysis. However, they were
more lenient on the methodological Jimitations that they had
previously pointed out as serious. In a letter to the Editor
in 2007 on an earlier publication of the same cohort |59]
they pointed out that several methodological shortcomings
undermined the authors’ conclusion that “any large asso-
ciation of risk of cancer and cellular telephone use can
be excluded” [65]. Although more long-term data was now
available and adjustment for socioeconomic factors could be
- made, the update by Frei et al. [61] suffers from basically the
same methodological limitations — mainly related to expo-
surc assessment — as the first one did. Instead of addressing
the limitations of the Danish cohort study in full, Ahlbom
and Feychting 164] used their space to selectively report on
results in the Hardell group studies choosing the time period
2000-2003 123,24 although the whole investigation period
was 1997-2003 [27,40). They discussed incidence data on

brain tumours in Sweden instead of Denmark, which would
have been more appropriate regarding a Danish cohort study.

The authors of the Danish study have themselves pointed
out the main causes of such considerable exposure misclas-
sifications [61]: mobile phone subscription holders not using
the phone were classified as ‘exposed’, non-subscribers using
the mobile phone were classified as ‘unexposed’; corporate
subscribers of mobile phones (200,507 people), which are
likely to have been heavy users, were classified as ‘unex-
posed’; persons with a mobile phone subscription later than
1995 were classified as ‘unexposed’ and users of cordless
phones not using a mobile phone were also classified as
‘unexposed’.

Other limitations are the absence of analysis by laterality
(the side of head where the phone is used in relation to the side
of the tumour) and the complete absence of actual exposure
data. These and other shortcomings in the cohort study have
been discussed elsewhere in more detail {58,651,

It is clear from these limitations that the authors’ conclu-
sion that: “In this update of a large nationwide cohort study
of mobile phone use, there were no increased risks of tumours
of the central nervous system, providing little evidence for a
causal association” is not soundly based {61].

3.11. Hazard ratio (HR) for survival of patients with
glioma

A poorer survival among children with acute lymphoblas-
tic leukaemia exposed to ELF-EMF has been reported in two
studies 166,67|, These findings certainly strengthen a causal
association between exposure to ELF-EMF and childhood
leukaemia. ‘Thus, a carcinogenic effect of RF-EMF emis-
sions would be strengthened if exposure might correlate with
survival of glioma patients. To further elucidate that possi-
bility we analysed survival of all cases with malignant brain
tumour (= 1251) in our case-control studies [26-28]. Most
cases were diagnosed with glioma (n=1132 in this study) so
in the following results for glioma arc presented in short, for
further details see Hardell and Carlberg {68].

Hazard ratio (HR) for survival was close to unity for
all glioma cases for use of wireless phones, HR=1.1, 95%
Cl=0.9-1.2. However, latency >10 years increased HR to
1.2, 95% CI = 1.002-1.5. Increased ratio was found for both
mobile phone use, HR = 1.3, 95% CI = 1.0005-1.6, and cord-
less phone use, HR = 1.3, 95% CI=0.9-1.9. HR increased
also with cumulative number of hours of use of mobile phone
and cordless phone with statistically significant trend for ter-
tiles (p=0.01) of use of both phone types.

Regarding different types of astrocytoma wireless phone
use gave a decreased HR=0.5, 95% Cl=0.3-0.9 for low-
grade astrocytoma, WHO grades I-11. Similar results were
found for both mobile and cordless phones. Latency did not
change these results. Also cumulative numbers of hours for
use yielded decreased HR for both mobile and cordless phone

Touse.
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For anaplastic astrocytoma, WHO grade III, there was
no clear pattern of an association for latency or cumu-
lative number of hours for use. On the contrary, for
glioblastoma multiforme, WHO grade 1V, long-lerm use
>10 years latency of mobile phone increased the ratio,
HR=1.3, 95% Cl1=0.9-1.7, and cordless phonc, HR=1.8,
95% Cl=1.2-2.8,

This study showed elevated HR, indicating decreased sur-
vival of all glioma cases with long-term and high cumulative
use of wireless phones. For astrocytoma WHQ grade 1V an
increased HR was found indicating a survival disadvantage.
On the other hand HR was decreased for low-grade astrocy-
toma, WHO grades I-II, indicating a survival benefit in that
group of cases. This could be caused by RF-EMF exposure
leading to tumour-associated symptoms and carlier detection
and surgery with better prognosis in that patient group [69].

3.12. Brain tumour incidence

It has been suggested that overall incidence data on brain
tumours for countries may be used to qualify or disqualify
the association between mobile phones and brain tumours
observed in the case-control studies [53,64,70,71]. As men-
tioned above, in support of the cohort findings that Frei
et al. [61] presented for Denmark, Ahlbom and Feychting
[64] refer to data on overall brain tumour incidence from the
Swedish Cancer Registry rather than from the Danish Cancer
Registry, which would have been more relevant.

In Denmark a statistically significant increase in incidence
rate per year for brain and central nervous system tumours
(combined) was seen during 2000-2009; in men +2.7%,
95% Cl=+1.1t0 4.3% and in women +2.9%, 95% Cl =+0.7
to 5.2% (http://www-dep.iarc.frt/NORDCAN/english/frame.
asp). Updated results for brain and central nervous
system tumours have been released in Denmark. The
age-standardised incidence of brain and central nervous
system tumours increased with 40% among men and 29%
among women during 2001-2010 (http://www.sst.dk/publ/
Publ201 VDAF/Cancer/Cancerregisteret2010.pdl). A more
recent news release based on the Danish Cancer Reg-
ister stated that during the last 10 years there has been
an increasing number of cases with the most malignant
glioma type, glioblastoma multiforme (astrocytoma WHO
grade 1V), especially among men (htp://www.cancer.dk/
Nyheder/nyhedsartikler/2012kv4/Kraftig+stigning+i+hjern-
esvulster.htm). So far these incidence data are not generally
available.

Also in the CEFALO study including Denmark, Sweden,
Norway and Switzerland [53] only data from the Swedish
Cancer Registry were used on time trends for brain tumour
incidence. As we have displayed elsewhere [54] annual
change in incidence in the age group 5~19 years differs
between the Nordic countries. ‘Thus, for the time period
1990-2008 in Norway a yearly increase in incidence with
+3.3%, 95% Cl +0.8 to 5.9% in boys and +2.5%, 95% ClI
+0.2 t0 4.9% in girls was seen, whereas in Sweden there was

a decline in boys and slight increase in girls. Thus, it would
have been more appropriate in CEFALO to discuss trends in
all included countries.

The quality of the Swedish Cancer Registry for repor-
ting central nervous system tumours, particularly high-grade
glioma, has been seriously questioned [72,73]. In the Deltour
ct al. |70] article on cancer incidence in the Nordic countries
Sweden accounted for about 40% of the population and cases.
‘Thus, under-reporting of brain tumour cases to the Swedish
Cancer Register would make the conclusions of the Deltour
et al. study less valid.

Little et al. [71] studied the incidence rates of glioma
during 1992-2008 in the United States and compared
with ORs for glioma associated with mobile phone use
in the 2010 Interphone publication |9] and our pooled
results published in 2011 [28)]. Since our results are dis-
cussed and questioned by Little et al,, their study needs
to be reviewed in more detail. Our response to the journal
{BMJ) was never accepted for publication in paper ver-
sion and cannot be found via PubMed, only on the web
(http:/fwww.bmj.com/content/344/bmj.e 1 147/rt/578564).

First, one important methodological issue that was not
stated in the abstract or in Figs. 2-4 in the article by Little
et al. {71], but can be found in the web appendix, is that
observed rates were based on men aged 60-64 years from the
Los Angeles SEER registry as the baseline category. These
data were used to estimate rates in the entire dataset, men and
women aged >18 years and all 12 SEER registries. Thereby
Aumerous assumptions were made as pointed out by Kundi
174} and Davis et al, [75],

Using only men, as Little et al. [71] did, ignores the fact
that women had less frequent use of mobile phones than men
in our studies, Table 10. Overall 31% of women reported such
use versus 57% of men. Furthermore, use varies with age
group with a large difference according to age, as we have
explored in our publications [28,41]. Thus, the age group
6064 year old men is not valid to use for these calcula-
tions.

Little et al. [71] do not explain how they obtained different
results on incidence trends based on the Hardell group results
and Interphone on the risk for mobile phone use. They ignored
that the Hardell group assessed also use of cordless desktop
phones in contrast to Interphone. As pointed outby LARC and
the Hardell group the appropriate exposure category for wire-
less phone RF-EMF is use of both mobile and cordless phones
[1]. We have compared our results with Interphone regarding
different age groups and exposure categories in these studies.
Thereby the results are similar for both study groups [14]. We
have now updated the results based on our 2011 publication,
Table 11 [14]. We restricted cases and controls to the age
group 30-59 years and disregarded use of cordless phones
as in Interphone. Odds ratios are in fact somewhat lower
in our study than in Interphone. It is thus remarkable that
the projected incidence rates by Little et al. are so different
based on our results compared with Interphone although ORs
are similar. It should be added that Little et al. {71] present
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Table 10
Gender and age distribution for use of mobile phones among glioma cases aged 20-80 years in the Hardell groep studies [28]; n=1148.

Men Women Total
Age, diagnosis No use/<1 year Use >1 year No use/<1 year Use >1 year No use/<1 year Use >1 year

latency, mobile latency, mobile falency, mobile latency, mobile latency, mobile latency, mobile

phones phones phones phones phones phones
20-24 8 7 (47%) 3 8(13%) It 15 (58%)
25-29 10 15 (60%) b 10 (67%) 15 25 (63%)
30-34 11 26 (70%) 19 8 (30%) 30 34 (53%)
35-39 9 23 (712%) 8 13 (62%) 17 36 (68%)
40-44 10 26 (72%) 16 1T (419%) 26 37 (59%)
45-49 14 37 (73%) 12 16 (57%) 26 53 (67%)
50-54 22 61 (73%) 26 27 (51%) 48 88 (65%)
55-59 35 65 (65%) 59 20 (25%) 94 85 (47%)
6064 41 51 (55%) 53 15 (22%) 94 66 (419%)
65-69 55 46 (46%) 57 13 (19%) 112 59 (35%)
70-74 43 16 (27%) 41 5011%) 84 21 (20%)
75-80 27 8 (23%) 35 2(5%) 62 10 (14%)
All 285 381 (57%) 334 148 (31%) 619 529 (46%)

wrong latency periods for the results in our studies both in
the publication and in the web appendix.

‘There are several other points that may be added. ‘The
results by Little et al. |71} for oligodendroglioma >10
year latency in our study are wrong in the web appendix,
shouldbe OR =2.2,95% Cl1 =0.9-5.4 and not OR = 1 .4, 95%
CI=0.9-2.3. Another example is that the results for anatomi-
cal localisations and tumour grade [in Table § in the article] by
Little et al. are based on numerous assumptions from SEER
data, Interphone and the Hardell group studies. The authors
seem not to have paid attention to the fuct that the fraction
of mobile phone users differs for gender and age groups,
see Table 10. Furthermore, in the final Interphone Study
Group |9] publication only results for the whole glioma group
were presented in contrast to our published results for both
low-grade and high-grade astrocytoma |27}, results that are
ignored by Little et al. We have now analysed the data further
using our 2011 publication, Table 12 [28]. Obviously the risk
is higher for high-grade (mostly glioblastoma multiforme)
than low-grade astrocytoma for latency time >10 years. This
is of interest considering the statistically significant yearly
increasing incidence of high-grade glioma in the SEER data
for 1992--2008, +0.64%, 95% Cl =+0.33 t0 0.95% published
by Little et al. [71] without any further comments. On the
contrary, the incidence of low-grade glioma decreased with
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~3.02%,95% Cl = ~3.49 to —2.54%. Increasing yearly trend
for glioma in the temporal lobe, +0.73%, 95% Cl =+0.23 t0
1.23% was also found {71}, Certainly these findings should
have been explored in more detail in the study.

In summary the conclusion by Little et al. that “Raised
risk of glioma with mobile phone use, as reported by one
(Swedish) study. . .are not consistent with observed incidence
trends in the US population data. . .” goes far beyond scien-
tific evidence and what would be possible to show with the
faulty methods used in the study. We agree with Kundi [74}
that there is much room for improvement of the BMJ review
process, as we have exemplified | 54 regarding another recent
BMIJ publication by Frei et al. [61], as also discussed above.

One should be careful about using data on the incidence of
brain tumours, like in Aydin et al. |53] and Deltour et al. | 70],
to dismiss results in analytical epidemiology. There might be
other factors that influence the incidence rate like changes
in exposure to other risk factors for brain tumours that are
not assessed in descriptive studies. Cancer incidence depends
on initiation, promotion and progression of the disease [76).
The mechanism for RF-EMF carcinogenesis is unclear which
adds to the view that descriptive data on brain tumour inci-
dence are of limited value.

There are in fact other studies that show an increasing
incidence of brain tumours, In Australia the incidence of

Odds ratio (OR) and 95% confidence interval (CI) for glioma in the Interphone study [9] and Hardeil et al. [14] for the age group 30-59 years. Use of cordless
phones disregarded in the Hardell group studies as was done in Interphone. Numbers of exposed cases (Ca) and controls (Co) are given.

Interphone Appendix 2 Hardel et al.

Ca/Co OR 95% Cl Ca/Co OR 95% CI
Unexposed® 93159 (1.0) 2417660 (1. -
Latency
2-4 years 4607451 1.68 1.16-2.41 1287322 1.09 0.84-1 41
5-9 years 4681491 1.54 1.06-2.22 1217258 1.1 0.84-1.47
104+ years 190/150 218 1.43-3.31 84/103 1.75 1.23-2.50

% Unexposed Interphone Appendix 2: Latency 1~1.9 years; unexposed Hardell et al.: No use + latency < | year.
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Table 12

QOdds ratio (OR) and 95% confidence interval (CT) for mobile phone use and astrocytoma, cf. Hardell et al. [28].

>1--5 year latency >5-10 year latency >10 year latency Total, >1 year latency

OR 95% Cl1 OR 95% CI OR 95% CI OR 95% CI
Astrocytoma, high grade (n= 820) 1.2 09-1.5 (.5 1.1-19 3.0 21-4.2 1.5 1.2-1.8
Astrocytoma, fow grade (n=132) 1.4 0.8-2.2 1.3 0.7-2.4 1.7 0.7-4.0 14 0.9-2.2

primary brain tumours was studied in two arcas, the state
of New South Wales and Australian Capital Territory, with
about 7 million inhabitants {77]. The study covered the time
period 2000-2008 and all diagnoses had a histopathologi-
cal verification. It included 13 pathology databases servicing
24 neurosurgical centres, Adults aged >63 years recorded
the largest proportion of malignant brain tumours, 52%. The
Annual Percentage Change (APC) for malignant tumours
increased statistically significant +3.9%, 95% CI +2.4 to
5.4%. An increase was seen among both men and women.
The APC for benign tumours increased with +1.7%, 95% Cl
~1.4 to +4.9%, thus not statistically significant.

From urban Shanghai an increasing incidence of brain and
nervous system tumours for the time period 19832007 was
reported with APC +1.2%, 95% Cl +0.4 to 1.9% in males and
APC +2.8%,95% CI +2.1 10 3.4% in females [ 78]. No results
were given for different tumour types, e.g. malignant and
benign brain tumours, or anatomical site. The authors con-
cluded that “1 he study did not support an association between
cellular telephone use and increased risk of brain and ner-
vous tumours.” However, that statement goes far beyond what
is scientifically justified from this register based study and
what was actually investigated.

Certainly it is more informative to analyse incidence trends
by anatomical site and histology of the tumour. de Vocht et al.
179] reported in England for the time period 1998-2007 a
statistically significant increasing incidence of brain tumours,
the majority glioma, in the temporal lobe for men (p<0.01)
and women (p <0.01), and frontal lobe for men (p <0.01).
The incidence increased also for women in the frontal lobe,
although not statistically significant (p = 0.07). The incidence
decreased in other parts of the brain.

Zada ct al. [80] studied incidence trends of primary
malignant brain tumours in the Los Angeles arca dur-
ing 1992-2006. APC was caleulated for microscopically
confirmed histological subtypes and anatomic sub sites.
The overall incidence of primary malignant brain tumours
decreased over the time period with the exception of glioblas-
toma multiforme (astrocytoma WHO grade 1V). The annual
age adjusted incidence rate of that tumour type increased sta-
tistically significant in the frontal lobe with APC +2.4% to
+3.0% (p <0.001) and temporal lobe APC +1.3% to +2.3%
(p <0.027) across all registries. In the California Cancer Reg-
istry the incidence of glioblastoma multiforme increased also
in cerebellum, APC +11.9% (p <0.001). In the parictal and
occipital lobes or in overlapping lobes no statistically sig-
nificant changes in incidence were seen. For lower grade
astrocytoma decreases of annual age adjusted incidence rates

were observed. The authors concluded that there was a
real increase in the incidence of glioblastorna multiforme in
frontal and temporal lobes and cerebellum. These results by
Zada et al. |80} are of interest since the highest ahsorbed
dose of RF-EMF emissions from mobile phones has been
calculated to occur in these parts of the brain [6].

It should be noted that also Deltour et al. [70] reported
increasing glioma incidence rates in Denmark, Finland,
Norway, and Sweden for the time period 1979-2008. APC
increased for men with +0.4%, 95% CI +0.1 to 0.6% and for
women with +0.3%, 95% CI +0.1 to 0.5%. Unfortunately
no data were given for subtypes of glioma and anatomi-
cal sites of the tumours, which would certainly have been
informative. The authors did not consider these and other
limitations when they conclude that “Our data indicate that,
so far, no risk associated with mobile phone use has mani-
fested in adult glioma incidence trends...many increased or
decreased risks reported in case-control studies are implau-
sible, implying that biases and errors in the self-reported use
of mobile phone have likely distorted the findings.” It should
be noted that regarding Sweden we reported increasing inci-
dence of astrocytoma WHO grades 1-1V during 1970-2007.
In the age group >19 years the annual change was +2.16%,
95% CI1 +0.25 to 4.10% during 2000-2007 {41].

4. Discussion

The most comprehensive results on use of wireless phones
and the association with brain tumours come from the Hardell
group in Sweden and the international Interphone study. As
pointed out by LARC {1] other studies as discussed above are
too small with short latency times, usoally in the range of at
most 5 years. Both the Hardell group studies and Interphone
give results for latency time of 10 years or more. Thus, a
summary evaluation will mainly be based on results from
these two study groups.

Both were case-control studies and the cases were
recruited during similar time periods, 1997-2003 in the
Hardeil group and during 20002004 in Interphone, with
somewhat different years in the varying study regions. There
was no overlapping of cases in the Hardell group studies and
the Swedish part of Interphone. Cases were ascertained from
Regional Cancer Registries in the Hardell group studies and
all diagnoses were based on histopathological verification.
‘Thus, all cases had been operated or undergone biopsy of the
tumour for diagnosis. In contrast, in Interphone cases were
identified from neurological or neurosurgical facilities in the
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study regions; in some centres also from cancer registries.
The diagnoses of glioma, meningioma and acoustic neu-
roma were based on histopathology or diagnostic imaging. It
should be pointed out that the diagnosis of both meningioma
and acoustic neuroma has a rather high precision using CT
and/or MR1. Regarding glioma it is certainly more difficult to
establish a valid diagnosis without histopathology, especially
when it comes to subgroups such as different grades of astro-
cytoma (WHO grades I-1V). In the publication by Lahkola
et al. [81] most glioma diagnoses were based on histopatho-
logy, whereas this has not been published for Interphone in
total. It is notable that Interphone [9] has not presented sepa-
rate results for astrocytoma in total in contrast to the Hardell
group. Especially results for high-grade glioma including the
most common glioma type, glioblastoma multiforme (WHO
grade IV), would be of value since the highest risk was found
for that subtype by Hardell et al., Table 12 [27,28]. It is also of
interest that we found higher risk for use of mobile and cord-
less phones for astrocytoma grades IH-~IV than for grades
1-11|82]. Some results were published for glioblastoma maul-
tiforme from the 5 North European countries |81]. Certainly
the total result for glioma and >10 years since first ipsilateral
mobile phone use with OR=1.39, 95% CI=1.01-1.92 (p
for trend 0.04) would have been of interest for glioblastoma
multiforme separately in Lahkola et al. {81].

The Hardell group included cases aged 20-80 years
whereas eligible cases in Interphone were aged 30-59 years
at diagnosis. This difference is important since the highest
incidence of astrocytoma WHO grade 1V (glioblastoma mul-
tiforme) is found in the age group 45-75 years with mean age
61 years and 80% older than 50 years {83]. As can be seen
in Table 10, the highest prevalence of use of mobile phones
in the Hardell group studies was up to the age of 54 years,
so limiting the age to 59 years as in Interphone diminishes
the possibility to find an increased risk taking a reasonable
tumour induction period. It seems as if the age distribution in
Interphone was more decided by prevalence of mobile phone
use in the population than age distribution for glioma cases.
Excluding the age group 20~29 years, as in Interphone, makes
also an evaluation of young users more difficult, see Table 9.

Meningioma is & slow growing benign tumour with a peak
incidence in the sixth and seventh decade of life with a3:2-2:1
female:male ratio [84}). As pointed out by Interphone |10]
the incidence peak of acoustic neuroma is in the age group
50-65 years. Thus, again limiting upper age to 59 years for
cases in Interphone excluded a large proportion of cases with
meningioma or acoustic neuroma taking a reasonable latency
period.

One control subject matched on age, gender and geograph-
ical area (region) to each case in the Hardell group studies
was drawn from the national population register. The register
covers the whole population and each person is assigned a
unique id-number making it possible to trace current address
for all inhabitants. In Interphone one control was selected
for each case from a ‘locally appropriate population-based
sampling frame’. In Germany the centres used individual

matching or frequency matching. The matching variables
were age within 5 years, gender and region of residence; in
Isracel also ethnic origin. When stratified matching was used
individual matching was made afterwards from the whole
control sample. with cases being assigned one control subject
(two in Germany) interviewed as close as possible in time
1o the case [9]. Regarding the Interphone study on acoustic
neuroma some centres sampled special controls to the cases,
other draw controls from the pool of controls in the glioma
and meningioma studies, or used a nrixtare of both methods.

The Nordic countries have population registers that were
used in Denmark, Norway and Finland for recruitment of
controls in Interphone. Also Germany used a population reg-
ister [85]. However, UK used general practioners’ lists [86]
and inJapan random digit dialling was used [44,87]. Certainly
the methods used in Interphone may introduce selection bias.
Patient lists arc usually selective to use for drawing of controls
and do not represent the whole population which is the source
of the cases. Also random digit dialling has the potential to
introduce selection bias since persons that are registered to
subscribe a phone are usually wealthier than non-subscribers.
Furthermore, it seems not to be the most appropriate method
for selection of controls in a study on mobile phone use, and
certainly not regarding cordless phones, since phone sub-
scribers are selected as controls. Furthermore, later selection
of controls from a pool with individual matching may give
the possibility for selection bias if this is not done in a blinded
manner as (o exposure status.

These methods contrast to the Hardell group where con-
trols were drawn consequently to the cases and all controls
that answered the questionnaire were included in the analy-
ses. In Interphone proxy interviews were performed for 13%
of glioma cases but only 1% of controls [9]. 'T'his is in contrast
to the Hardell group study on deceased cases with malignant
brain tumours [26]. Deceased controls were drawn from the
Death Registry in Sweden. Relatives to both deceased cases
and deceased controls were interviewed, thereby creating the
same condition for assessment of exposure among cases and
controls. Although using proxy interviews for both cases and
controls is the more appropriate method exclusion of proxy
interviews in {nterphone had little impact on the overall result
in the sensitivity analysis.

Use of wireless phones was carefully assessed by a self-
administered questionnaire in the Hardell et al. studies. 'The
information was supplemented over the phone by trained
interviewers thereby using a structured protocol. This was
done blinded as to case or control status. The ear that had
mostly been used during calls with mobile phone and/or cord-
less phone was assessed by separate questions; >50% of the
time for one side, or equally for both sides. This information
was checked during the supplementary phone calls. Moreover
every person that had used a mobile phone received after that
a letter asking them again to specify the ear thathad been used
during phone calls and to what extent that side of the head
was mostly used. ‘T'here was a very good agreement of the
results using these three methods to assess these data. Also
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other exposures were assessed in the questionnaire. After the
interviews all personal data like names and addresses were
removed from the questionnaires so that only an id-number
that did not disclose if it was a case or a control was shown.
Thus, coding of the data for statistical analysis was performed
without personal data on the individual.

We investigated in more detail the possibility of recall
and observational bias in our second case-control study {21].
Reporting a previous cancer or if a relative helped to fill in the
questionnaire did not change the results, i.e., were no con-
founding factors. Potential observational bias during phone
interviews was analysed by comparing change of exposure
in cases and controls after these interviews. No statistically
significant differences were found, showing that our results
could not be explained by observational bias, for further
details see discussion in that publication [21].

On the contrary information on past mobile phone use
was mostly collected during face-to-face interviews in Inter-
phone obviously disclosing if it was a case or a control that
was interviewed. These interviews were performed by a large
number of interviewers at different participating centres. In
the personal interviews a computer program that guided the
interview with questions read by the interviewer from a laptop
computer screen was used. The interviews in the Swedish part
lasted for about 45 min. The answers were entered directly
into the computer by the interviewer. Cards were shown to
if possible identify the model of the mobile phone [88]. The
purpose of the study was thereby obviously disclosed to the
cases and controls. This was in contrast to the Hardell group
mailed questionnaire that contained a large number of other
questions without special attention to wireless phones.

We regard hospital based interviews of cases, as in the
Interphone study, to be a major disadvantage and ethically
questionable. At that time the patient has not fully recovered
from e.g. surgery, may not have been fully informed about the
diagnosis, treatment and prognosis and may even be under
sedation by drugs. Using computer based face-to-face inter-
views may also be a stressful situation for the patient. In
fact patients scored significantly lower than controls due to
recalling of words (aphasia), problems with writing and draw-
ing due to paralysis in the Danish part of Interphone |89).
Obviously observational bias could have been introduced by
the interview methods in Interphone. Only Finland used a
paper version of the questionnaire, but Finland has never pub-
lished country specific results on the different tumour types,
which would certainly have been of interest. For unclear rea-
sons the results on glioma were only included as part of the
results for the 5 North European countries [81] and as part
of the whole Interphone study [9]. Furthermore, it has not
been disclosed how the personal interviews were performed
in sparscly populated arcas, ¢.g. in the Northern Sweden. Did
the interviewers trave! long distances for interviews of con-
trols in rural areas or were all controls living in the largest
cities thereby creating selection bias?

it should be noted that the number of participating cases
and controls from each centre in Interphone was quite low. It

varied for glioma from 60 (Japan) to at most 421 (UK North),
for meningioma from 52 (New Zealand) to 350 (Israel) and
for acoustic neuroma from 18 (New Zealand) to 152 (UK
South). Similarly the number of controls varied according to
centre [9,10]. It is obvious that with so low number of inter-
viewed subjects by many different interviewers the quality
may have been hampered in Interphone by low training and
experience of certain interviewers. Experienced interviewers
were defined as those who conducted at least 20 interviews.
In fact, in the sensitivity analysis the risk increased for glioma
for cumulative mobile phone use >1640h from OR = 1.40,
95% Cl=1.03-1.89 to OR=1.50, 95% Cl=1.10-2.06 if
‘experienced interviewers only’ were considered. In the
Hardell group studies few persons conducted all interviews
of the 1251 participating cases with malignant brain tumour,
1254 cases with benign brain tumour, and 2438 controls (total
4942; note one case had both a malignant and a benign brain
tumour). All interviewers were first educated; they used a
defined protocol and gained considerable experience as inter-
viewers. In fact, they were obliged to carry out the interviews
extensively to fulfil the quality in data assessment according
to the structured protocol. It is obvious that the few inter-
viewers in the Hardell group study must have been much
more experienced than the diversity of interviewers in Inter-
phone. The higher risk restricting analysis to ‘experienced
interviewers’ in Interphone indicates observational bias dur-
ing assessment of exposure decreasing the risk. Furthermore,
20 interviews as the definition was in Interphone to be an
experienced interviewer, is after all a very low number.

Several other sensitivity analyses were performed in Inter-
phone without any major impact on the results, It is discussed
in the Interphone study [9] that the increased risk for glioma
in the highest decile of cumulative exposure was caused by a
number of subjects reporting >5 h call time per day. This num-
ber may be real in e.g. certain occupations using the phone
as a working tool. Furthermore, if call time was truncated to
5h per day no statistically significant difference of the risk
was found, OR=1.38, 95% Cl=1.02-1.87 for glioma and
OR =3.03, Y5% Cl =1.62-5.67 for acoustic ncuroma (expo-
sure up to 5 years before reference date). Certainly it 18 not
justified to exclude these subjects from the analysis as was
done in some of the calculations in Interphone |9,10}.

it is always essential to have a high response rate in case-
control studies to get as valid results as possible. In the Hardell
group studies the response rate was 85% (n=1251) for cases
with malignant brain tumour, 88% (n=1254) for cases with
benign brain tumour, and 84% (n = 2438) for controls [29,40].
Lower response rates were obtained in the Interphone study,
64%, range by centre 36-929%, (n=2765) for glioma cases,
78%, range 56-92%, (n = 2425) for meningioma cases, 82%,
range 70-100% (n=1121) for acoustic neuroma cascs, and
53%, range 42-74%, (n="7658) for controls [9,10]. Certainly
these low response rates, fess than half of the cases and con-
trols in some centres, may have created the possibility of
considerable selection bias and are examples of the mul-
tiple methodological problems in Interphone. As has been
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discussed elsewhere not responding controls in Interphone
tended to be less frequent users of mobile phone than partic-
ipating controls leading to underestimation of the risk [32].

There are other differences between the Hardell group
studies and Interphone study such as restricting age to
3059 years in Interphone compared with 20-80 years in the
Hardell-group studies and considering use of cordless phones
as no exposure to RE-EMF in Interphone. Even if the preva-
lence of mobile phone use is highest in the age group 30-59
years, excluding older cases diminishes the possibility to find
anincreased risk, assuming a reasonable latency time. As dis-
cussed above the peak incidence of most brain tumours is at
a higher age. In a case series from Canada all brain tumours
showed a bimodal age distribution with one peak in the 04
age group and the other in the 60-69 age group [90]. As
shown elsewhere [14] step-wise exclusion of the age group
20-29 years, 60-80 years and including cordless phone use
among unexposed reduced OR in the Hardell-group studies
to similar results as in Interphone [see Tables 1 and 2 in the
publication). ‘Thus, Interphone seems to have underestimated
the risk also for these reasons.

Survival of patients with glioma has only been presented
by the Hardell group [68]. Decreased survival of glioma cases
with long-term and high cumulative use of wireless phones
was found. We found a survival disadvantage for asirocy-
toma WHO grade 1V among cases using mobile phone or
cordless phone indicating a worse prognosis in that patient
group. On the contrary, a survival benefit for astrocytoma
WHO grades 111 was observed. The fact that there was no
clear trend with intensity or duration of wireless phone use
for low-grade astrocytoma does not speak in favour of an
effect of RE-EMF from such use. The exposure might, how-
ever, produce awareness bias in these cases. RE-EMF may
give tumour promotion [91] inducing disease related person-
ality disturbances and habit changes leading to earlier tumour
diagnosis than among unexposed patients. This would result
in earlier treatment with a better prognosis after surgery in
this patient group {69]. These findings indicate a complex
biological elfect from RF-EMF exposure and strengthen a
causal association between these tumour types, ¢.g. astrocy-
torna WHO grade 1V (glioblastoma multiforme), and use of
wireless phones.

By placing a strong emphasis on incidence data an agso-
ciation between use of wireless phones and brain tumours
has been challenged [92]. The authors considered that, if the
increased risks seen in case-control studies reflect a causal
relationship, there would already be an increase in incidence
of brain and central nervous system tumours, for which there
seemed to be little evidence. This belief is unfounded for
two reasons. The first relates to latent periods for glioma
and acoustic ncuroma development, typically 10-40 years
193,94]. 'The results on long-term use of wireless phones are
scanty and at most latency period of 10+ years have been
studied. Furthermore, we know little about the earliest events
in the genesis of glioma in humans for obvious reasons. How-
ever, progression of glioma has been studied in large series of

tumours of different malignancy grades. Patients with low-
grade glioma have been followed with later progression to
high-grade glioma [95]. Thus, since the natural history of
most glioma from earliest events to clinical manifestation is
unknown, but most likely several decades, the exposure dura-
tion in most studics is incompatible with a tumour initiating
effect. An initiating effect is what would have the most direct
effect on the incidence. The other reason concerns the possi-
bility of an effect on tumour development (promotion) and its
consequences on the increase in incidence that can possibly
occur. If the exposure acts as a promoter, this would decrease
latency time for already existing tumours, giving a temporary
but not a continuous increase in incidence. In addition it has
to be pointed out that any such effect on tumour development
is limited by the magnitude of the shift of the age-incidence
function and its slope for the respective tumour type [91]. It
should be noted that studies on tumour type and anatomical
localisation indicate by now an effect from RF-EMF on the
incidence of brain tumours [71,77,79,80).

5. Conclusions

There is a consistent pattern of increased risk of glioma
and acoustic nearoma associated with use of mobile phones
and cordless phones. The epidemiological evidence comes
mainly from two study centres, the Hardell group and the
Interphone study group. In the same studies by the Hardell
group and Interphone study group no consistent pattern of
an increased risk was found for meningioma. These results
strengthen the other findings, i.e., increased risk for glioma
and acoustic neuroma, since a systematic bias in the studies
would also have been inherit for meningioma. Furthermore,
a causal association between use of mobile phone and glioma
and acoustic neuroma comes from the meta-analyses as pre-
sented in this publication and also reviewed elsewhere [96].
Supportive evidence comes also from anatomical localisation
of the tumour to the most exposed area of the brain, cumula-
tive exposure and latency time that all add to the biological
relevance of an increased risk. In addition risk calculation
based on estimated absorbed dose gives strength to the find-
ings as well as the impact on survival of glioma patients
relating to their use of mobile and cordless phones.

Evidence is increasing that workers with heavy use of
wireless phones who develop glioma or acoustic neuroma
should be compensated. In fact, the first case with such com-
pensation has now been established in court. The Italian
Supreme Court affirmed a previous ruling that the Insurance
Body for Work (INAIL) must grant worker’s compensation to
abusinessman who had used wireless phones for 12 years and
developed a neuroma in the brain (www.applelettrosmog.it;
www.microwavenews.com). He had used both mobile and
cordless phones for five to six hours per day preferably on
the same side as the tumour developed. ‘The neuroma was
located in the trigeminal Gasser’s ganglion in the brain. This
fifth cranial nerve controls facial sensations and muscles. It is
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the same type of tumour as the acoustic neuroma in the eighth
cranial nerve located in the same area of the brain. The Ital-
ian case fulfils the criteria for a causal association; more than
10 years use of wireless phones, high cumulative exposure
on the same side as the tumour appeared, and a tumour type
that would be predicted based on previous research on use of
wircless phones and brain tumour risk. No further appeal of
the Supreme Court decision is possible.

In summary there is reasonable basis to conclude that
RE-EMFs are bioactive and have a potential to cause health
impacts. There is a consistent pattern of increased risk for
glioma and acoustic neuroma associated with use of wire-
less phones (mobile phones and cordless phones) mainly
based on results from case-control studies from the Hardell
group and Interphone Final Study results. Epidemiological
evidence gives that RF-EMF should be classified as a human
carcinogen. The current safety limits and reference levels
are not adequate to protect public health. New public health
standards and limits are needed.
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Swedish review strengthens grounds for concluding that radiation from
cellular and cordless phones is a probable human carcinogen
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Abstract

With 5.9 billion reported users, mobile phones constitute a new, ubiguitous and rapidly growing exposure worldwide. Mobile phones are
two-way microwave radios that also emit low levels of electromagnetic radiation. Inconsistent results have been published on potential risks
of brain tumors tied with mobile phone usc as a result of important methodological differences in study design and statistical power. Some
studies have examined mobile phone users for periods of time that are too short to detect an increased risk of brain cancer, while others
have misclassified exposures by placing those with exposures to microwave radiation from cordless phones in the control group, or failing to
attribute such exposures in the cases. In 2011, the World Health Organization, International Agency for Research on Cancer (JARC) advised
that electromagnetic radiation from mobile phone and other wireless devices constitutes a “possible human carcinogen,” 2B. Recent analyses
not considered in the IARC review that take into account these methodological shortcomings from a number of authors find that brain tumor
risk is sigaificantly elevated for those who have used mobile phones for at least a decade. Studies carried out in Sweden indicate that those who
begin using either cordless or mobile phones regularly before age 20 have greater than a fourfold increased risk of ipsilateral glioma. Given
that weatment for a single case of brain cancer can cost between $100,000 for radiation therapy alone and up to $1 mitlion depending on drug
costs, resources to address this illness are already in short supply and not universally available in cither developing or developed countries.
Significant additional shortages in oncology services are expected at the current growth of cancer. No other environmental carcinogen has
produced evidence of an increased risk in just one decade. Empirical data have shown a difference in the diclectric properties of tissues as a
function of age, mostly duc to the higher water content in children’s tissucs. High resolution computerized modcels based on human imaging
data suggest that children arc indeed more susceptible to the effects of EMF exposurc at microwave frequencies. If the increased brain cancer
risk found in young users in these recent studies does apply at the global level, the gap between supply and demand for oncology services will
continue to widen. Many nations, phone manufacturers, and expert groups, advisc prevention in light of these concerns by taking the simple
precaution of “distance” to minimize exposures to the brain and body. We note than brain cancer is the proverbial “tip of the iceberg™; the rest
of the body is also showing effects other than cancers.
© 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Background

Chronic disease epidemiologists studying the etiology of
rarc discases necessarily study people’s past reported or doc-
umented cxposurcs over decades to determine how exposure
differed hetween those who succumbed to illness and those
who did not. In so doing, epidemiologists rely on a varicty of
tools having both strengths and limitations.

Examining general time trends of disease and ages of
diagnosis can yield hypotheses about historical changes in
underlying causal factors, but cannot be relied on to pre-
dict future risks. For example, the relatively rapid growth in
lung cancer in women in industrial countries in the 1970s
and 1980s provided a broad and long-predicted indication
of the impact of smoking. Similarly, reports in the 1980s
of surges in rare ailments such as Kaposi’s sarcoma in men
under age 30 tied to HIV/AIDS, or rare vaginal adenocarci-
noma in pre-adolescent girls whose mothers had taken the
hormone di-ethylstibestrol carly in pregnancy, have provided
unportant clues about avoidable etiologic factors.

As a matter of public policy, societies around the world
are paying the price now for having ignored earlier warnings
of public health experts about the need to curtail tobacco,
asbestos, vinyl chloride, DES, or to take steps to prevent
HIV/AIDS transmission. The costs for treating the ravaging
diseases caused by these avoidable environmental health
threats have skyrocketed, while the estimated costs of strate-
gies to prevent them pale in comparison.

2. Swedish analysis confirms brain cancer risks from
mobile phone radiation

An important new article by the Swedish group of
investigators led by Hardell et al. [I] provides a valuable
contribution to the epidemiological literature that makes the
case for creating preventive policies now to reduce harmful
risks associated with mobile (cellular) and cordless phones,
and other forms of wircless radiation. On May 21, 2011, a
committee of 30 invited scientists from 15 different coun-
tries working on behalf of the International Agency for
Research on Cancer (JARC) of the World Health Organi-
zation reviewed key studies on the topic and characterized
exposure to radiofrequency radiation associated with mobile
phone use as Group 2B carcinogen—i.e. possibly carcino-
genic to humans {2]. This is the same category as the pesticide
DDT, gasoline engine exhaust, burning coal and dry clean-
ing chemicals, and jet fucl-—compounds that arc subject 10
serious regulation and control around the world today.

By reviewing key cpidemiological studics, some of which
have been published since the IARC review, addressing
methedological critiques of their own and other studies, and
reporting the results of a meta-analysis of their own and
the tARC coordinated Interphone study, Hardell et al. pro-
vide new and compelling evidence for IARC to re-evaluate
its classification of “a possible carcinogen”, with a view to

changing that assessment of electromagnetic radiation from
mobile phones, cordless phones, and other wireless devices
at least to a “probable human carcinogen,” i.c. Group 2A.

This important review concentrates on the data relating
to long-term usc of mobile and cordless phones from the
handful of case—control studics that have been conducted
on the association of mobile phone use with brain tumors,
addresses arguments that have questioned the validity of past
studies, extended the period of follow-up from first expo-
sures, explains the limited nature of time-trend analyses of
rare events such as brain cancer, and provides a cogent anal-
ysis of the need for precautionary steps to be taken at this
time.

In their article, the Hardell group makes the controver-
sies in this field of enquiry accessible. Being a broad-bascd
stalc-of-the-art and state-of-knowledge review, their article
could serve as an excellent teaching tool in epidemiology
graduate programmes. The thoroughness of their documented
responses to critiques, includes re-analysis of their own and
other data sets and makes possible the rejection of alleged of
bias in their own studies’ selection/exclusion criteria. Further,
the methodological comparisons across the various studies
over time, and the observation that, as the exposure period
increases, so too do the risk estimates, are compelling for
public health action. Finally, the way that the Group was able
to integrate exposures both to cordless and mobile phone or
cellphone use constructively advances this field of investiga-
tion.

3. Age-adjusted population trends and cohort studies
of brain cancer are of limited power

As a general matter, population trends are of limited imme-
diate value in evaluating a rare disease like brain cancer that
is known to have a long latency. The survivors of the atomic
bombs that fell at the end of World War H did not exhibit
any increased ratc of malignant cancer of the brain until
four decades later. This established a long latency between
exposure and the development of brain cancer and has impor-
tant implications regarding the evaluation of environmental
factors. As an editorial commentary on the release of the
Interphone study noted “None of today’s established carcino-
gens, including tobacco, could have been firmly identified as
increasing risk in the first ten years or 5o since first exposure”
{31

Regarding cohort studies of rare events, as many have
noted, the only study 10 approximate a cohort design of brain
cancer risk over time in a population—the Danish Cohort
Study—does not comport with required methods o do so {4].
In the Danish study, less than half 2 million registered mobile
phone users were followed and the authors concluded that
there is no increased risk. In this study, no direct information
on cellphone use was available. Further, the rapidly changing
nature of exposure to microwave radiation from cellphones,
cordless phones and other similar sources of exposure was not
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considered. In addition, corporate users, people who would
have been the heaviest users, were included in the unexposed
group. Corporate users, amounted to almost a quarter of a
miflion people in the 1990s and are known 10 have used thesc
technologics four times more ofien than those in this study.
Finally, updaies to this cohort also lost significant numbers
of the original group to follow-up [5,6]. As a result, it is
impossible to take the reported study results of no increased
risk at face value, especially considering that a cellphone
“user,” as defined by the Interphone study, was anyone who
made one call a week for 6 months.

4. Case~control studies are powerful for studying
mobile phone radiation

In general, epidemiologists appreciate that, {or the study
of rare diseases, such as brain cancer, the case~control
design is far more powerful than a cohort study. In fact,
all of the few well-designed case—control studies of this
issue have found significantly increased risk after a decade
of use, with higher risks occurring in those with highest
use. Thus, within Interphone Appendix 1, those who used
phones for 1640h or more had close to a doubled risk of
glioma,

As a number of commentators and several of the princi-
pal investigators of the Interphone studies have noted, the
Interphone study results arc limited in many ways {7,8). The
Interphone study did not include information on exposure to
cordless phones or other wireless devices, did not include
patients who began using these technologies before age 20,
and included no cases that occurred after 2005 19,101,

As a result, the Interphone results likely underestimate
curvent risks from mobile phones, and cannot be relied on to
shed light on the risks for those who began using phones as
children ortcenagers. Adults and children now use cellphones
for many hours a day compared to only 2-2.5h a month at
the time the Interphone study was conducted,

Further, any study that categorizes people who used cord-
less or portable phones (which emit the same microwave
radiation as celiphones) as ‘unexposed,’ increases the chances
of finding no effect when a real one may well be present.
‘I'his is because the study is comparing people who were
actually ‘exposed’ with others who are considered to have
been unexposed, but were, in fact, also ‘exposed’ to radiofre-
quency fields. Because the Nordic countries were carly users
of mobile phones, it was possible for the Hardell group to
conducl case~control studies on those who began using cell-
phones and cordless phones before age 20. So far, they are the
only group in the world that has investigated an increased risk
from long term usage that began in those under age 20. Con-
sistent with the increased sensitivity of the young to toxic
agents, the highest risk of tumors accurred for those who
began using wireless phones as teenagers, or earlier, with
glioma risk increased fourfold (OR 4.3, 95% Cl=1.2-5.5),

and acoustic neuroma risk increased almost sevenfold (OR
6.8, 95% Cl = 1.4-34) for ipsilateral use.

An especially important result of the latest Hardell analy-
sis is the finding that paticnt survival is reduced where mobile
phone use began at younger ages. “When adjustment was
made for age, the cases with glioblastoma who had used
wircless phones had an elevated risk of shoriened survival
compared to unexposed cases in our study.” In addition, “a
poorer survival among children with acute lymphoblastic
leukemia exposed to ELK-EMF has been reported. . .” {1].

Other findings are consistent with an increased risk for
cancers of the blood or bone marrow tied with mobile
phone use. One study in Thailand found a threefold risk
of leukemia from GSM cell phone use (OR 3.0, 95% CI:
1.4-6.8) and more than a fourfold risk for any lymphoid
teukemia (OR 4.5, 95% Cl: 1.3-15) [ 11]. Cooke et al. 2010)
also reported increased Acute Lymphocytic Leukemia (ALL)
and Acute Myclogenous Lekeumia (AML) risk with >15
years since first use of mobile phones, respectively OR = 1 .41
(C1=0.45-4.37) and OR =2.08 (Cl1=0.98-4.39, calculated
p-value=0.051) {12}

S. Exposure misclassification biases toward the null
hypothesis

A Swiss personal monitoring study found that mobile
phone use currently accounts for one-third of total expo-
sures 10 wireless and microwave radiation, with routers and
base stations accounting for the rest [ 13]. Misclassification of
exposure is well known to bias toward the null hypothesis, or
10 a finding of “no effect” when, in fact, an effect may well be
present. None of the studies carried out on cell phones thus
far, including those of Hardell, has taken into account these
important other exposures, many of which have changed quite
recently and continue to rapidly cxpand.

Current standards rest on the assumption that permitied
levels of microwave radiation from maobile phones do not
induce any measureable change in temperature or biological
effect. Several independent avenues of research have shown
this assumption to be incorrect.

One important study from Sloan Kettering scientist, David
Gultekin, and Lothar Moellaer from Cornell { 14], found that
currently used cellphones can produce hotspots in living
brain tssue. Using Positron Emission Tomography (PET),
the Dircctor of the National Institute of Drug Abuse, Nora
Volkow, reported that 50 min of use of a mobile phone pro-
duces significant change in glucose metabolism in the area
of the brain that absorbs the most radiation {15]. Reviewing
many other relevant studies on EME impacts on the brain,
Corle et al. (2012), concluded:

“A variety of human, rodent and cell culture experimen-
tal studies though inconclusive, do collectively suggest that
mammalian brain tissue may be sensitive to cellphone levels

of EMF’ [ 16].



