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Dr. Alexia McKnight
258 Heyburn Rd.
Chadds I'ord, PA 19317
610-459-1031

—~

Sceptember 27, 2016
PERSONAL and CONFIDENTIAL

Mr. Craig Adams

Exccutive Vice President, Exelon
President and CEO, PECO

2301 Market Strect
Philadelphia, PA 19103

Decar Mr. Adams,

This letter relates my experience with a recent upgrade to the AMI wireless smart meter.
I aun writing to bring a problem to your attenton and am requesting an accommodation.

I recognize these are controversial devices that are the object of much scrutiny among
scientists, clinicians, and attorneys. While some suggest that the devices are safe, there are
many anecdotes of health deteriorations following deployment of these meters.
Furthermore, research on non-thermal biologic effects of clectromagnetic ficlds suggests a
select subgroup of the population that experiences negative health effects following
exposure to wireless and other electromagnetic radiation. My own case, described below,
shows that 1 am a member of this subpopulation.

On November 30, 2015 PECO upgraded the clectric meter on our house (o a wireless
AMI smart meter. The following symptoms I had been experiencing were immediately
and markedly exacerbated:

inability to sleep

significant headaches

failing memory

impaired concentration

vitreous detachment (light flashes followed by cye ‘floaters’)

mood alterations

irritability

unusual leg pains

ringing and pressure pain in the cars
While these symptoms are nonspecific, the severity became impairing, To obtain any
reprieve from them, I had to depart the house at night for the first foew weeks in December
and camp out in the yard in order to sleep. The associated timing of the AMI deployment
and the exacerbation of these symptoms was instructive, and after much research and
several expert consultations, my husband and T measured and removed most of the
sources of radiofrequency in the house. "T'his included turming off all wifi routers,



entertainment electronics and remote controls, cell phones, wireless printers, bluctooth
and wifi-enabled computers, and smart watches. Most other sources of biologically
irritating electromagnetic fields (dimmer switches, fluorescent lights, some LEDs, wiring
crrors) were also identified and eliminated or fixed. We learned that if we opened the

circuit breakers to de-power the upstairs bedrooms, I was able to sleep in the house again.

Many of my symptoms clearly improved. Nonctheless, my headaches persisted and 1
developed cardiac palpitations. These arrhythmias progressed so much that I made an

appointment to scc a cardiologist.

Around this time, we also identified a stray voltage grounding crror found to he caused
from the PECO source neutral. These clectrical problems were brought to the atiention
of PECO on March 21, 2016. PECO c¢mergency and power quality crews subsequently
both confirmed the neutral failure, and have promised to fix this, however after 6 months
these fixes are still pending,

On May 24, 2016, PECO power quality personal replaced the AMI meter with a plate
while investigaung the stray voltage problem. A few wecks after the AMI meter was oft
the house, my arrhythmias drastically improved. Fortuitously, the plate remained on the
house as PECO continued to investigate the stray voltage problem. About one month
after the AMI meter was removed, the arrhythmias had completcly vanished and I no
longer needed cardiac auenuon. My headaches also disappeared entirely.

[ was feeling nearly normal again, living and working in the house without symptoms.
However, if visitors came into the house with a cell phone that had not yet been turned
off or placed into ‘airplanc’ mode, I would fecl a pain as if a vise were pressed into my
temples. Traveling also became progressively very difficult. Leaving the house, symptoms
would frequenty return. 1 am now hypersensitive to the point that this illness has become
a disability. I can no longer atend church, go to restaurants or shops with wil, or visit
other public or private gatherings without significant physical discomfort, cognitive and
mood impairment, and sleep disturbances. Tortunately, my refuge was my home where |

live and work.

Then, around the middie of Sepiember; my headaches returned, I began having sleeping
problems, and somce minor cardiac arrhythmias returned. Just recently, on September 21,
2016, I notced PECO had replaced the plate with the AMI smart meter. 1 do not know
exactly on what day this occurred, but the house has been notably uncomfortable again
for the past few weeks. Thus, while the mechanisms by which the meter interacts with
this house and my physical health are not clear, it 1s clear that I am simply unable 1o
tolcrate this meter.

I am a veterinary radiologist, running a tcleradiology practice from home. My hushand
was an clectrical engineer hefore becoming a physician, specializing in both internal
medicine and medical informatics. We are both professionals, with combined
backgrounds is science, academia, medicine, industry, and the biologic effects of




radiation. Given that clectrical hypersensitivity syndrome (EHS) is not yet widely
accepted in the medical community, my husband was initially skeptical that
electromagnetic ficlds were a.cause of my symptoms. However, our personal experience
has provided the evidence that convinces us of the authentic existence of this condition
and the unfortunate need for total avoidance. In medicine, there is no better evidence of
causality for an individual patient than an “N of 1” medical experiment when a patient
acts as his/her own control. In this case, when the meter was introduced, my symptoms
became worse. When the meter was removed, my symptoms improved. Finally, when the
meter returned, my symptoms returned. Ironically, and unfortunately for me, this history
formed exactly this kind of N of | experiment.

My husband and 1 would like to meet and discuss this problem and accceptable
accommodations, with yourself or another executive authorized 1o make decisions. T
simply ask for clean power to, this house and an clectric meter that does not make me ill.

As a proposed solution, I acquired a calibrated analog mcter and left it outside by the
electrical box. I noticed this meter was no longer there when I saw the new AMI meter
on the house. T also request that analog meter be returned, if it is found not to be
acceptable. Perhaps PECO needed to calibrate it themselves and/or examine it for safety?

Plcasc forward this letter to those handing customer accommodations under the
Americans with Disabilities Act and under Section 504 of the Rehabilitation Act of 1973,
Thank you for your prompt dttention to this matter. And thank you for your
confidentality given the personal health nature of this letter.

Sincerely yours,

Alexia McKnight, DVM, DACVR
PECO Account No: 89900-01209

CC: Dr. Umer Saleem, MD
CC: Mr. Christopher Crane;
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Peter J. Prociuk, MD £2017- 26210577
Board Certification in internal Medicine <// /0 / /% 7’9 /, ) /4 P

Classical Homeopathy
www.drpeterprociuk.com

March 8, 2017

Tracy A. Hannan

Assistant General Counsel
Exelon Corporation

10 S. Dearborn St., 49th Floor
Chicago, lllinois 60603

Re:  Alexia McKnight DOB 2/15/1971
EMF Hypersensitivity Syndrome
Medical Necessity For Analogue Electric Meter

Dear Tracy Hannan,

Alexia McKnight has been my patient since 4/27/2010. Her primary diagnosis,
made within the last year, is EMF Hypersensitivity Syndrome. Accordingly, itis a
medical necessity for EMF to be at an absolute minimum in her home environment
and to meet this goal a smart meter on or near her house is a medical
contraindication. Her history is as follows:

About 10 years ago she noticed significant pain on the side of my head if a cell
phone was held to her ear. Pain was also felt in her hand if holding a cell phone,
and similarly would feel an uncomfortable tingle up the arm when using an iPad.
She would also experience an occasional pain deep in her ears at home and
sometimes while driving on Interstate 95. This was the same pain experienced
now associated with strong cellular signals and wifi exposure. She would also
experience signifiant pain in her ears/head with some headsets, including the
Bose noise canceling headsets.

Starting 6 years ago her health began to progressively deteriorate in spite of a
meticulously healthy lifestyle. She was increasingly more fatigued with bouts of
severe fatigue along occasional depression and irritablity that was
uncharacteristic. Her skin and eyes lacked luster despite excellent nutrition and
she gained weight with no change in diet or exercise routine. She had trouble
reading and comprehending, particularly her own dictations made in the course of

225 North High Street West Chester, PA 19380 t:610.701.5702 f:610.701.4226 peterprociukmd@gmail.com




her profession as an equine radiologist with a speciality in MRl imaging. It is
important to note that she works in a home office.

Her short term memory started to fail and her vision was compromised by
progressively more floaters. Her visual acuity also worsened along with more
frequent headaches. Her ability to concentrate on her cases while working on the
computer worsened, she became progressively agitated and the quality of her
sleep deteriorated. This brings us to 2014 at which time there was no obvious
explanation for this change in her health.

All of this was markedly and suddenly exacerbated when PECO upgraded the
electric meter to an AMI meter on November 30, 2015. She was completely
unable to sleep, headaches were nearly constant and she had a miserable ‘out of
sorts’ feeling. Her memory starting failing so badly she was having trouble
remembering if a red light or a green light meant ‘go’ at a stoplight. A few
sentences into a conversation she would stop and have no idea what she said.
She could barely perform at her job. All this started creating significant anxiety
and cardiac arrhythmias started.

She realized that sleep was possible outside in the yard which she did using the
family sailboat for shelter. This seemingly extreme measure has to be
appreciated in the context of being a high functioning professional with no prior
significant medical or psychiatric history.

Being scientifically oriented and strongly proactive in nature, she undertook
serious research into EMF and its biologic/clinical effects. Upon discovering a
significant body of scientific evidence and clinical reports confirming EMF
Hypersensitivity Syndrome her husband, a board certified internist, and she took
numerous measures to reduce the electromagnetic fields in the house.

They turned off both wifi routers in the house, disabled all wifi devices, disabled
or discarded wireless printers, wireless entertainment devices, wireless watches.
They removed all the LED and fluorescent lights with incandescent bulbs and
replaced all dimmer switches with standard light switches. They measured very
strong electrical fields in the house, particularly the bedrooms, and started
sleeping with the circuit breakers off to the upstairs bedrooms at night.

All of this helped significantly and she was able to sleep in the house again.
However her headaches and cardiac arrhythmia persisted.




in March 2016 they hired an EMF consultant who pointed out additional stray
voltage on the house electrical grounding system and some wiring errors. PECO
emergency and power quality crews came out and in the process of investigating
the problem removed the smart meter on May 24, 2016. Her cardiac arrythmia
started to improve in about one week, was significantly better in 2 weeks, and
nearly resolved in T month. Her headaches also resolved.

She was referred to Dr Umer.Saleem, a board certified cardiologist on

6/20/2016 to rule out any other cardiac pathology. He found her symptoms
correlated with premature atrial and ventricular contractions and based on the
history concurred that EMF exposure was the likely cause. His subspeciality is in
the field of cardiac arrthymias.

She felt near normal during the summer of 2016. Her headaches, sleep
problems, cardiac arrhythmia, irritability, concentration and depressive moods
returned in September 2016. After a few weeks she discovered the AMI smart
meter had been placed back on the house 9/21/2016. PECO power quality
removed the meter the second time on November 1, 2016 and again her
symptoms improved.

Although this hypersensitivity syndrome has not been formally recognized and
has neither formal dignostic criteria or an ICD 10 code, it is scientifically
recognized that EMF can produce significant biologic injury that correlates with
Alexia’s symptoms. The clear pattern of being progressively symptomatic in an
EMF environment and improving with a significant reduction in EMF twice in a row
is consistent with scientific proof that she is very EMF sensitive. Her health has
worsened significantly twice with an unequivocal correlation to AMI smart meter
installation. As a medical necessity her living environment must have the lowest
possible EMF.

Accordingly, it is my unequivocal assertion that the installation of an AMI smart
meter on Alexia McKnight’s house is a strict medical contraindication. The only
tee in this respect is to use an analogue meter.
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Suhject: Your request for an ADA/Federal Rehabilitation Act Accommodation
Date: May 8, 2017 at 1:27 PM
To: atexia@mcknightinsight.com
Cc: Hannan, Tracy:(BSC) Tracy.Hannan@exeloncorp.com

Dear Dr. McKnight:

This responds to your email of March 16, 2017 to Tracy Hannan of Exelon’s Legal Department.
(The text of your email is reproduced at the end of this response.) In that email, you state that: “I
am submitting this letter to you as a final request for a disability accommodation under the federal
ADA and under Section 504 of the Rehabilitation Act of 1973.”

PECO has reviewed the Americans with Disabilities Act and the Federal Rehabilitation Act with
your request in mind, and concludes that those federal statutes do not provide a basis for an
accommodation related to AMI meter instatlation. We are therefore unable to provide you with
the requested ADA/Rehabilitation Act accommodation.

In your email, you further request: *‘Please accept this letter together with the medical letter from
my physician (forthcoming in the US mail) and put a hold on any imminent AMI smart meter re-
deployment while an accommodation is in process.” As noted, we have completed the requested
review and concluded that those statutes do not provide a basis for accommodation related to AMI
meter installation. We are therefore unable to implement the requested ADA/Rehabilitation Act
hold.

Ward Smith
Assistant General Counsel
PECO Energy Company

Text of initial email received on March 16, 2017:

Dear Attorney Hannan,

I am finally following up with you regarding a request for a disability accommodation. The
attached letter sent to Mr. Craig Adams dated October 26, 2016 was not met with any success.
The letter was very disappointingly funneled to the PECO AMI metering department which is not
capable of handling disabilitics. Iam also attaching the written response from the metering
department detailing their inability to understand and execute solutions to those with certain
disabilities.

My letter to Mr. Craig Adams explains my medical problems that were markedly exacerbated
following the deployment of the AMI wireless smart meter on my residence the first time on
November 30, 2015. 1 reiterate again that these problems improved after the meter was removed,
and began recurring again following meter re-deployment sometime in early-mid September 2016.

[ experienced symptom resolution again following removal of the meter on November 1, 2016. 1
am cimnlv ninahle tn tnlerate the hinlnoical affecte of that meter 1t ic unelear if thic ic dne ta the
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RF pulses it emits and/or the high frequency transients potentlally placed on the transmission lines
and household wiring.

This electrical hypersensitivity renders me unable to participate in normal daily activities. | can
no longer tolerate going to church, restaurants, and other public and private places where cell
phones, wifi, and other electromagnetic fields are so commonly prevalent. Most notably |
experience immediate headaches that can linger for hours after even a short exposure. Longer
cxposures will cause notable memory impairment, cognitive dysfunction, sleep disturbances, and
cardiac arrthymias among other ailments. To achieve relicf, 1 simply avoid going places and
remain secluded in my home where there is very low electromagnetic fields and currently still no
meter on my house, courtesy of another unrelated electrical problem (stray voltage) which PECO
is in the process of addressing.

| first complained of stray voltage on the house electrical grounding system March 21,2016
through PECO’s customer service. It has been nearly a year, and the problem remains, though
construction has finally started on this project. Although resolution of the stray voltage is long
overdue and welcomed, I expect that PECO plans to re-deploy the AMI smart meter again very
soon.

I am submitting this letter to you as a final request for a disability accommodation under the
federal ADA and under Section 504 of the Rehabilitation Act of 1973. I cannot accept an electrical
meter on my home that very clearly exacerbates my health problems and makes my home
uninhabitable for me. 1 propose continuing to estimate my electrical usage as we have been
already doing for about 6 months out of the past year by keeping the same plate on the electrical
box until PECO can locate a permanent electromechanical analog meter for accurate readings.

Please accept this letter together with the medical letter from my physician (forthcoming in the
US mail) and put a hold on any imminent AMI smart meter re-deployment while an
accommodation is in process.

Hard copies of this email and the attachments, including Dr. Prociuk’s medical letter, will be sent
via certified receipt in the US mail today.

Thank you for your attention.
Sincerely yours,

Alexia McKnight
PECO account number: 89900-01209

This Email message and any attachment may contain information that is proprietary, legally
privileged, confidential and/or subject to copyright belonging to Exelon Corporation or its
affiliates ("Exelon"). This Email is intended solely for the use of the person(s) to which it is
addressed. If you are not an intended recipient, or the employee or agent responsible for
delivery of this Email to the intended recipient(s), you are hereby notified that any
dissemination, distribution or copying of this Email is strictly prohibited. If you have received this
message in error, please immediately notify the sender and permanently delete this Email and
any copies. Exelon policies expressly prohibit employees from making defamatory or offensive
statements and infringing any copyright or any other legal right by Email communication. Exelon
will not accept any liability in respect of such communications. -EXCIP
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October 19, 2016

ALEXIA MCKNIGHT
258 HEYBURN RD
CHADDS FORD PA 19317

Dear Alexia,

Thank you for contacting PECO to express your concerns regarding PECO's upgrade of its
automated metering system. Accordingly, I want to provide you with some additional
information that I think you will find helpful about the technology that PECO is using for its
system upgrades.

The upgraded meters we are installing are known as Advanced Metering Infrastructure (AMI),
and are based on similar technology to that which PECO currently uses. All upgraded
equipment, just like our existing AMR system, meets Federal Communications Commission
(FCC) requirements.

Essentially, the difference between the AMR (existing) and AMI (upgraded) technologies is their
ability to provide additional information to customers about how they use energy. This
additional information is captured through the technology in the new meter and will be provided
to customers through a Web-based application. The AMI meters that PECO is installing also
contain a device that will allow the meters to communicate with compatible, customer-purchased
devices in the future. Currently, these functions are not enabled, but they may be at a future date.
Again, the AMI meters and these functions communicate in the same way as the meters currently
in use, with lower cumulative radio frequency (RF) emissions. Cumulative RF volumes,
including the typical distance and duration of transmissions of the AMI meter technology that
we've selected for this project, are not just lower than that of many other household devices
including a cell phone, but in fact are several orders of magnitude - more than 500 times - lower
(0.19 milliwatts per square centimeter for a cellular phone versus 0.00037 milliwatts per square
centimeter for an AMI meter). Also, unlike the cell phone which is most often held up to the ear,
or a microwave oven which is most often located in a heavily-trafficked area of the home, most
meters in PECO's service teritory are located outside the home or in customer basements,
resulting in decreased RF level with the additional distance.

With regard to privacy, your security is one of our top priorities. That is why this system will be
a physncally-sccured PECO-owned, private, encrypted, fiber optic and wireless system —
ensuring the privacy and security of your energy usage information. We will also continue to
work with the National Institute of Standards and Technology (NIST), the Federal Energy
Regulatory Commission (FERC), and the Pennsylvania Public Utility Commission to ensure we
continue to ensure the privacy of our system and your vital customer information. We also
understand that customers may simply not want a new meter, but under Pennsylvania law (Act
129 of 2008) all Pennsylvania utilities are required to install new metering technology for every
customer in our service territory.

Act 129 mandates strict timetables for system installation. While it may seem simple to allow
some customers to “opt-out" of receiving an AMI meter, in fact, this would be extremelycostly
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as a second, manual data collection system would have to be established from the ground up for
a small number of customers. And, shifting these costs onto the majority of customers would be
unfair and inconsistent with sound public policy. Additionally, there are substantial operational
advantages of automated metering that saves customers money, improves operational
performance and reduces impacts to the environment through reduced truck rolls and emissions.
Because of PECO's transition to AMR metering more than a decade ago, PECO customers have
saved significantly, as expensive and less accurate manual collection of meter data was
eliminated.

More importantly, our ability to respond to emergency outage events has been substantially
enhanced due to automated metering technology. Three large storms in the last half of 201 1
provided a great example of how advanced technology can help us respond to emergencies by
enhancing our ability to know who's on and who's off -- the most critical information during any
emergency event. During Hurricane Irene, for example, our ability to remotely test whether
customers did or did not have service accelerated our ability to restore power to all of our
customers by at least 24 hours. It would be a disservice to all our customers to eliminate these
critical technological capabilities or create "blind spots" in our system that would slow
restoration times for all. Operationally, partial deployment is impossible because our systems
must provide coverage to all customers within a given geographic footprint. And, given the
benefits our customers have experienced from our existing automated metering systems, we
strongly believe these systems are in the broad public interest. We plan to replace the Sensus
meter that is cumrently on your home with the L+G meter.

* PECO has worked closely with Underwriters Laboratory (UL), a leading testing and
Certification Company, to establish a protocol for independent testing and analysis,
which is now being replicated at utilitics across the country.

o UL has conducted safety performance tests using the UL safety requirement for utility

meters and found the meters we are using aré fully compliant with these tests.
e PECO will continue to test and monitor its meters to ensure they meet the highest safety
standards.
» As per the implementation order :
Governor Edward Rendell signed Act 129 of 2008 (“the Act” or “Act 129”) into law

on October 15, 2008. The Act took effect 30 days thereafter on November 14,

2008. Among other things, the Act specifically directed that within nine months of its

effective date, electric distribution companies (“EDCs”) are to file, with the Commiission

for approval, a smart meter technology procurement and installation plan. 66 Pa.C.S. §

2807(f)(1). Each EDC smart meter plan must describe the smart meter technologies the

EDC proposes to install, upon request from a customer at the customer’s expense, in new

construction and in accordance with a depreciation schedule not to exceed 15 year.”

e Scientific studies have not identified any health concerns associated with the AMI meter.

Should you have any further questions, please feel free to contact me directly at (215) 841-4298.

Sincerely,
Brenda Eison
Customer Care Manager
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PECO Events at 258 Heyburn Rd.
Nov. 30 2015. Smart meter gets installed, about 1:20pm.

Mar 21 2016 Called PECO to come and check their equipment. Sal pointed out to us over the
weekend on Mar. 19 during his EMF evaluation that we carry an unacceptable voltage on the
house ground. PECO was supposed to come today but didn't.

Mar 22 2016 Non-PECO man comes following my complaint that there is 1.5-6V on the
house ground. He confirmed the voltage leak is at their end, not our house. He also said the
only ground problem he’s seen before was 120V or nothing, not a slow leak like we have—
2-6V. Thus, the problem is beyond the tech’s expertise or department, so he indicated it will
escalate up now. | also told him that | measured a voltage on my neighbor’s ground as well,
which [ did early this morning.

Mar 30 2016 | called PECO back to complain again this morning that my ground still carries
several volts 10 days after my first call, and a guy in a PECO truck came a few hours later. He
did the same thing as the first guy, playing with the meter, testing the connections, taking off the
panel under it, taking off their neutral, etc.... Apparently there were no records of the first guy’s
visit and/or what he did. He said he confirmed 1 volt on something, and ordinarily they don’t
worry about that (it’s within their 5% tariff range, something like that), but since | complained that
it goes higher than that sometimes and my computer equipment shuts off sometimes he called
somebody else who is expected to come and do a power quality test.

April 6 2016 About 3:30pm. Power suddenly goes out. | assume it's PECO working on the
neutral failure problem. | cali Tom Kology to see if they lost power, and he tells me there is a
‘brush’ fire across the street in front of the Cwyk house on the far side of Heyburn. | went to
take pictures. A witness indicated there were sparks coming from the splice in the wires above.

April 7 2016 Russell calls and says he’ll come the following morning. 1told him about the fire
on Heyburn Rd. yesterday and he said he’d investigate it.

April 8 2016 PECO comes back—Russell. When asked what started al! this, | said there was
occasional flickering lights, computer equipment shutting off, sensitive devices in the house
acting funny (me). The dog approached a metal water pipe and suddenly jumping back. 1
mentioned the fire again.

He confirmed the fluctuating neutral of a few volts and drove off trying to check more of the lines
on the street. He promised he’d get back to me later today with some findings. He may even
want to put a recorder on the house he said.

May 22016  Monday May 2 or Tuesday May 3rd? Called PECO to swap out meter for one
with tess RF emissions. | measured and recorded the emissions and they are much more
frequent than the interrogatory answers indicate they should be, They can’t swap out the meter
anytime soon, minimum of 5 days apparently. So scheduled to swap out on Saturday, May 7.

May 7 2016 Saturday. Waited all day for PECO to swap out meter. Nobody ever came.
Nobody ever contacted me again about how they resolved this problem.



May 9 2016 Monday. | was gone all day. The house isn’t quite as uncomfortable, not sure
why. A bit less headaches and less heart palpitations. Wondered if PECO either reprogrammed
the meter or came out and swapped it out, but the serial numbers are identical, so | wonder if
they just reprogrammed it. ?7??

May 17 2016 Called and asked for Brenda Eisen. | left a message for her to return my call and
schedule an appt. She never calied me back!!!

May 17 2016 Call PECO emergency line. Got shocked in the bathtub.

May 18 2016 PECO comes (Mike from emergency response and Russell again from Power
Quality). Mike confirms 4V on bathtub ground

May 24 2016 PECO-Chris and Russell from Power Quality back out again and seem to think
something about Frank’s house is interferring with my electricity, causing the neutral to fluctuate
They say they do not need to put the smart meter back on the house. SMART METER GONE,
alleluia!!

Monday May 30 2016 —another strange electrical sting on my skin in the bathtub. That's the
second time that’s happened.

Jun 2 2016. Chris from PECO Power Quality here to tell me he and Russell ptan to be here
tomorrow around 9am to disconnect us from Frank’s house, put us on our own transformer, put
a recorder on our house, and see if the stray voltage problem goes away.

Jun 3. No PECO today.

June 6 2016 —sting in bathtub again.

Wed Jun 7 2016— paint out on Heyburn Rd at telephone poles, like PECO-related somebody
was here. | was gone all day. My iMac was powered off when | got home. The smart meter
seemed moved (I think) from the ground to the top of the generator. Still off the house, thank
you boys!!t | wonder if PECO was here,

August 2016 (before or on Aug 23rd}- Luis Figueroa and colleague (PECO engineering) knocks
on door and indicates a fix to the problem will be a new transformer closer to the house.

Frank’s house will be on a separate feed from it, going to his house under the driveway. | ask if
they can put my analog meter from the internet back on the house so we are no longer
estimated.

Sep 14 2016- | emailed Luis for an update. No answer.
Sep 16 2016-1 call Luis for an update. No answer. Left message

Sep 19 2016-call Luis back on his office phone. He answers! Still trying to get a hold of the
realtor department to sign the contract and the papers, he says. Will keep bugging them later
today again and tomorrow morning if necessary. He said he could put in an emergency bid



once they call and finalize the documents, so hopefully it can speed along a bit faster than the
typical month. Gracious these people are slow!

September 21 2016 — Notice that the smart meter had been placed on the house. Must have
been a week or two ago. The bill suggests it was around September 9.

October 6 2016: Send registered letter to Craig Adams, CC: Christopher Crane and Umer

Saleem, MD. Explained my problem and asked for an ADA accommodation. Written date Sep.
27.

October 18 2016: PECO representative called, confirming receipt of my certified letter.
“Someone will be contacting me by phone within 24 hours”

October 18 2016: Larry called Customer support and talked to Chesway. He reported that our
bill has a large credit, and wanted to explain that the plate had been on the house and we are
being undercharged, thus the credit is not accurate. Chesway assured him that the estimates
were accurate and there is no additional action required. We were overcharged, she says, and
now we have a credit.

October 26 2016: | call PECO customer service, talked to Willy, and mentioned | had been
waiting over a week for that return phone call | was supposed to get 24 hours after October 18.
| was on hold most of the time but got a handful of apologies as | was supposed to hear back.

But, today, by the end of the day... ‘somebody from the executive office is supposed to get
back to me’...

Irida Collaku 215-841-4540 direct number, calls back. AMI department. Brenda Eisen is her
boss. | have 3 issues to be addressed:

1. Disability accommodation. 2. Fix stray voltage. 3. Return analog meter

Irida calls back 2 more times. 2nd conversation she tells me that, regarding my
disability, it is federal law. They cannot replace the AMI meter. Suggests | talk to
Brenda Eisen directly then, because she does not understand ADA or Section 504 and
cannot help me. | said we may have the wrong department and | ask for this to be
escalated to the highest authority that can handle disabilities.

October 28, 2016. | contact Russell Brocato and Luis, trying to find out what is taking
so long, and to complain about the ill effects from the smart meter. | told Russell | really
don’t want to go through another Christmas holiday feeling so ill. He agreed to come

November 1, 2016: Russell and Chris come back to re-assess the stray voltage
problem and apologize it’s taken so long—internal PECO bureaucracy unfortunately.
Russell removes the SM for us again. Russell is my new super hero!!!

March 7, 2017 — Miller Bros. start construction on driveway, laying conduit from
telephone pole to the split to Frank’s house. Finished on March 9.



March 16, 2017. Sent ADA disability accommodation request to Tracey Hannan via
email and certified receipt US mail.

March 23, 2017 — Miller Bros. comes to put in Frank’s line through the conduit.
March 24, 2017 — Russell retired.

March 27, 2017 — Miller Bros. comes and finally disconnect’s Franks house from ours.
Ground voltage started at ~1V before they started and didn’t change noticeably at all.
But was low voltage and no load— neither Frank nor Janet were home. | expect the low
voltage to stay low during cold and loads now. The 45kHz peak remains, as most of the
other high frequencies on the ground.

April 5, 2017 — PECO power quality (Dennis, Chris, and foreman Bob Jones), all out
here to install ronk. ~1.5V on house ground went to ~0.6V after ronk. Dennis said this
would be zero with 1000chm in the line. PECO was very puzzled though about why
there was still voltage on the neutral at the house end (not connected to the house), but
they weren’t getting it at the street end. They thought of calling Miller Bros. and finding
out what they might have done to get some explanation. | think they were also going to
better investigate the neutral to the substation—Chris said something like that...

April 26, 2017 — Miller Bros. back out to finally patch up the driveway. Job completed!

May 13, 2017 — No water this morning. Thought is was a broken water pump, but
turns out the A Bus was losing voitage —down to 60V. The basement lights started
dimming, then they went out completely. The hot water seemed to go out, too. Larry
started up the generator and the water came back, the lights came back, both polarities
returned to 120Vs again. The well pump guys came out and got strange voltage and
current on their lines to the pump, but the pump tested fine. Called PECO (ER hotline a
real pain to get through). PECO man Elliot comes out shortly after call and confirms
one ‘bad leg' coming into the house and SV on the neutral.

May 14, 2017. Mother’s Day — Chris and another Chris from Power Quality come back
out and confirm the problem. Must have a short in the line between the transformer and
the house. Suspected to be under the driveway with the recent Miller’s Bros.
excavation. Two other guys come out and put a yellow box —some type of special
transformer to convert the one good polarity into two 120V polarity to get us off the
generator. The problem is temporarily fixed until other guys come back and dig up the
driveway/yard to find the short.

August 23, 2017. Formal complaint transmitted 8/23, filed on 8/24 8am, complaint:
Violation of Section 1501. This is submitted so PECO cannot try to put a smart meter
on this house anymore.

August 30, 2017: I'm in Texas. Larry reports in a text “PECO out today and removed
the phase saver box, hooked up normal line. We have 120 on both A/B side. Stray



voltage O at the box, 0.34 on your yellow (volt)meter. And...@, no smart meter
installed. We still have the plate”.

Sep. 13. Shawane Lee responds to my formal complaint.

Jan. 25 phone rings. PECO Energy. Robot telling me that a technician that | had
previously scheduled would be out tomorrow. He should contact me before showing up.
| certainly did not schedule ani appointment to have a tech out.

Jan. 26. guy from Grid One in my driveway. Said he was sent by Peco to install a
smart meter on the house. | emailed Judge Heep and Mr. Ward Smith to relay this
information. Mr. Smith responds immediately indicating he will check up on this
immediately. About an 1 hr. 20 mins later he relays an explanation that is mostly fiction
with a few scattered facts.

Mar. 14. PECO bucket truck at the end of the driveway. They are putting a green bag
under my transformer. It's the afternoon, the same day that | email the judge to explain
I need more witnesses and the need for more court days. The reason for this is
unknown. | did not request any service or report any complaints. There were no
outages. We were not notified directly.

Mar. 20. Late morning, before noon, PECO bucket truck back out to take green bag
down off transformer. [ think it might have been Dennis. | talked to him, asked what he
was doing. He said he was sent over to check voltage.
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CBT and Nocebo

Thmights .
Create
Feelings

Behavior h
Reinforces Create]
Thoughts

Nocebo is a phenomenon in which inert substances or
mere suggestions of substances actually bring about
negative effects in a patient or research participant
Nocebo and means "| shall harm"

whereas placebo means "l shall please.

Amplification is used to describe a judged tendency
of a person to amplify physical symptoms based
on psychological factors such as anxiety or depression.

Classical Conditioning a learning process that occurs
when two stimuli are repeatedly paired; a response that
is at first elicited by the second stimulus is eventually
elicited by the first stimulus alone




Evidence Pyramid — Publication Types

Higher Quality of Information

Fewer Articles
A
Generalization
v
Cate Gontedi Studiis . ), Lower Quality of Information
e S More Articles
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Types of Epidell'niological Studies

[

Non Experimental
Observational Studies

|

[ |
Based Based
| |
B | |
Descriptive Analytu': Descriptive Analytic
(Health (Ecological .. reports
Survey) Study) Case series

l

Experimental/
Interventional Studies

|
| |

Case-conirol study
Or Case-reference

Cross-sectional study
Or Prevalence study

Randomized  Non-randomized
Control trial Quasi-
or Experimental
(Clinical trial) Field trial
Community Trial
|
Cohort study or

Follow-up study



Domain Study Types

Type of Question/Domain

Type of Study/Methodology

Therapy/Treatment

Selection of treatment or interventions that do more good
than harm and that are worth the effort and cost

Double-Blind
Randomized Controlled Trial
Systematic Review/Meta
Analysis of RCT

Diagnosis

Selection and interpretation of diagnostic tests, in order to
confirm er exclude a diagnosis, based on considering their
precision, accuracy, acceptability, expense, safety, ete.

Controlled Trial
Systematic Review/Meta
Analysis of Controlled Trial

Prognosis

Estimation of a patient's likely clinical course over time and
anticipation of likely complications of disease

Cohort Studies,
Case Control,
Case Series

Harm/Etiology
Identification of causes or risk factors for disease

Cohort Studies

Prevention

Randomized Controlled Tnal,
Cohort Studies

Quality Improvement

Randomized Controlled Trials

Why not RCT?

1) Unethical to Randomize
2) Effects may be Rare

3) Effects may be Delayed
4) Follow up / Drop outs
5) Expense limits size



13071
1201
1101
1001

Number of People (1000s)
(2]
S

Bias is a systematic error in the design or analysis
that results in a mistaken estimate

Spectrum bias (a.k.a. case mix bias) exists when

the population under investigation does not reflect

the general population or the clinically relevant population.
A type of Selection Bias

Men with
Tmaie Height | Make” tmoln'

“Would you like to sign up for a headache,
so that | can show you that your problem is
that you have a thought disorder?”

140 145 150 155 160 165 170 175 180 18'5 190 195 200

Qool Oool
Mel I'll do it
Pick mel

Height (¢m)



Uncertainty

X does not cause Y
Certain

X causes Y
Certain

| don’t know if X causes Y
Uncertain

Established

A Established
False

True

TRUE | TRUE TRUE
TRUE | FALSE FALSE
FALSE | TRUE '

FALSE FALéE FALSE

FALSE-

AN

<@

B ANDO!

UNCERTAIN
FALSE
UNCERTAIN

UNCERTAIN

UNCERTAIN
TRUE
UNCERTAIN

FALSE

UNCERTAIN

UNCERTAIN
UNCERTAIN
FALSE
FALSE

UNCERTAIN

A Q@
TRUE UNCERTAIN TRUE
UNCERTAIN TRUE TRUE
FALSE | UNCERTAIN | UNCERTAIN
UNCERTAIN FALSE | UNCERTAIN
UNCERTAIN | UNCERTAIN | UNCERTAIN




Appeal to Ignorance

I Appeal to ignorance
premise » about "X"

( SE— j Premises: I { Conclusion: [
§ No one has , | xis False _.
Conclusion } 'We know something { proved x s true | | |

about '"X"

premise 1
premise 2 ‘Nothing is known




Types of Errors

Type I Error Type Il Error

You're not
pregnant'
/
False Positive False Negative
Type 1 Error if we say 'medical basis exists' Type Il Error if PECO says 'no medical basis'

but in reality there is no basis but in reality there is a ‘'medical basis’

8



Decision under Uncertainty:

McKnights Win but ' PECO Wins but
Lexi didn't have EHS eSS SR ——» | LexiHasEHS

(We made type | error) (PECO made type Il error)

PECO has inconvenience

to read an analog meter s, Lexi Gets Harmed
Criminals- -\

AR fiotch Lawyers: Y

Appearance of Guilt

Letting a guilty criminal free "beyond reasonable doubt” Convicting an innocent person

Would you get on a plane if the pilot said there was a 97% chance that it will make it,
but a 3% chance that it will crash?



Areoeding Iy a eorent Aistinnseride erer:
Morr Docrors smoke CAMELS
THAN ANY OTHER CIGARETTE

Arguments from authority carry little

2

0.7

Herain-related overdose deaths per 100,000 people

1 L ]
1
V

2002 2009

27

2013

A compiete sedative and hypnotic
mnge - in a single preparation,

That is *Distovnl’ . . .. the safe
dayv-time sedative which i3 equally safe
in hypootic doses by nigar.

‘Distaval’ is especiafly suitable for
infants, the aged, and pauticats under
severe emotional strest,

‘DISTAVAL.......

A gL

sedative and hypnotic

walets of 25 mg.

Abuse-resistant OxyContin Approved
Source: National Survey on Drug Use and Heaith: National Vital Statistics System, CDC

weight — authorities have made

mistakes in the past. They will do so
again in the future. Perhaps a better
way to say it is that in science there
are no authorities; at most, there are

experts

CARL SAGAN

WORDPDRN.COM
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Electromagnetic Hypersensitivity: A Systematic Review of Provocation Studies /.
MBBS, anp Simon WEssELY, MD

Y

G. James Rusiy, PuD, Javart Das MunsHi,

Objectives: The objectives of this study were o assess whether people who report hypersensitivity to weak electromagnetic fields
(EMFs) are beuer at detecting EMF under blind or double-blind conditions than nonhypersensitive individuals, and to test whether
they respond to the presence of EMF with increased symptom reporting. Methods: An extensive systematic scarch was used to
identify relevant blind or double-blind provocation studies. This involved scarching numerous literature databases and conference
proceedings, and cxamining the citations of reviews and included studics. The results of relevant studies were tabulated and
metaanalyses were used to compare the proportions of “hypersensitive™ and control participants able to discriminate active from
sham EMF exposures. Results: Thirty-one experiments testing 725 “clectromagnetically hypersensitive” participants were
identificd. Twenty-four of these found no evidence to support the existence of a biophysical hypersensitivity, whereas 7 reported
some supporting evidence. For 2 of these 7, the same research groups subsequently tried and failed to replicate their findings. In
3 morc. the positive results appcar to be statistical artefacts. The final 2 studies gave mutually incompatible results. Our
metaanalyses found no evidence of an improved ability to detect EMF in “hypersensitive” participants. Conclusions: The
symptoms described by “clectromagnetic hypersensitivity” sufferers can be severe and arc sometimes disabling. However, it has
proved difficult to show under blind conditions that exposure (o0 EMF can rigger these symptoms. This suggests that “¢lectro-
magnetic hypersensitivity™ is snrelated to the presence of EMF, although more research into this phenomenon is required. Key
words: clectromagnetic hypersensitivity, provocation studics, systematic revicw.

EHS = electromagnctic hypersensitivity; EMF = clectromagnetic
ficld: SMD = standardized mean difference: UMTS = universal
mobile 1elecommunications system (a “third-generation™ mobile
phone signal); VDU = visual display unit.

mast cells (6) having been suggested. On the other hand, it has

also been proposed that the condition may be more psychologic

than physicochemical (7), with symptom amplification and clas-

sic conditioning being important. Clcarly, the appropriate treat-

ment and management of EHS will depend on which of these ¢gul U
models is correct. The best way to determine this is to examine n

the results of blind and doyble-hlind experimental provocation \ﬂ,Lu.( b
studics. These experiments typically expose volunteers with self-

reported EHS to 2 conditions, an active condition in which weak

EMFs are presented and an inactive condition in which they are

not. Two outcomes can then be cxamined: the participant’s

ability to correctly discriminate active from inactive (their “clec-
tromagnetic scnstbility”™) and the participant’s tendency to expe-

ricnce more symptoms in the active condition (their “clectromag-

netic hypersensitivity™) (8). Although clectromagnetic sensibility

may be a necessary precondition for EHS, it 1s certainly not

sufficient as there is evidence that healthy individuals can display
heightened sensibility without necessarily experiencing symp-

toms as a result (8).

Two previous reviews have looked at provocation studies
for EHS in some detail. In 1997, a report for the European
Commission (1) described the results of 13 such experiments
and concluded that, although “‘electromagnetic hypersensi-
tive’ people do react in these provocation studies, [. . . Jthesc
reactions have not been shown to be related to the ficlds.”
More recently, a systematic review considered the results of 8
cxperimental studies published in peer-reviewed journals be-
forc coming to a similar conclusion (9).

The systematic review reported here attempted Lo identify
all blind or double-blind provocation studies for EHS that

INTRODUCTION

lectromagnetic hypersensitivity” (EHS) is a relatively

new phenomenon in which sufferers report a range of
symploms that arc apparently triggered by 'the presence of
weak electromagnetic fields (EMFs) (1). These symptoms
show no cohesive pattern (2,3) but are typificd by nonspecific
sensations such as sleep disturbance, headaches, fatigue, and
subjective cognitive problems (2,3). In its more severe fonm,
EHS can be disabling, preventing sufferers from pursuing
normal work or social lives.

The clectromagnetic triggers for the symptoms reported by
EHS sufferers are diverse. Although a list of the more com-
mon would include visual display units (VDUs), mobile
phones, mobile phonc base stations, fluorescent lighting, over-
head power lines, and houschold items such as televisions and
microwave ovens (3), not all sufferers report being sensitive to
all potential triggers and many report only 1 or 2 specetfic
clectrical items as being problematic. The EMFs cmitted by
these devices vary considerably and encompass frequencies in
the radio, microwave, kilohertz, and extremely low-frequency
ranges (3). In almost all cases, however, the intensity of the
EMFs that scem to trigger EHS symptoms is far below that
known to causc physiological changes in animal models (4,5).

The underlying causes of EHS arc the subject of considerable
debate. On the one hand, it has been proposed that biophysical

factors may make a minority of pcople particularly sensitive to
EMF, with mechanisms involving the relcase of histamine by
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could help to answer the following questions: are people who
are apparently hypersensitive to weak EMFs better at detect-
ing these fields under blind or double-blind conditions than
nonhypersensitive individuals, and do they respond to the
presence of weak EMFs with increased symptom reporting?

METHODS
Search Strategy for the Identification of Studies

The following electronic databases were searched for potentially relevant
studies: AMED. ASSIA, Cinahl, the Cochrane Collaboration l.ibrary. Em-

Psychosomatic Medicine 67:224-232 (2005)
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base, Index to Theses, the Institute of Electrical and Electronics Engineers
IIMI® research database, 1SI Procecdings. ISI Web of Science, Medline,
Psychinfo, and the World Health Organisation EMIF research dawabase, These
were searched from inception to fanuary 2004 for a wide range of MeSH or
free-text key words relating to EHS, including, for example, “electrical
sensitivity.” “electromagnetic hypersensitivity,” “electro-smog,” “techno-
stress,” “screen dermatitis,” and “environmental illness.” The dawbases were
also searched for papers using combinations of relevant stimulus MeSH or
free-text key words (eg. “mobile phone,” “computer,” “power line™) and
hypersensitivity MeSH or free-text key words (eg, “allergy,” “hypersensitiv-
ity,” “intolerance™).

In addition, the Bioelectromagnetics Saciety conference proceedings for
1996 10 2003 were handsearched, as were the documents available on the
COST 281 web site. The reference sections of any pertinent studies and
reviews were also examined for additional references.

" ou

Inclusion Criteria

Only blind or double-blind experimental pravocation studies were eligible
for inclusion in the review. with a provocation study defined as any experi-
ment in which the participants were sysiematically exposed to higher EMFs
in | experimental conditton than in another. Because we were interested
primarily in the effects of ambient EMIY, studies in which an electrical current
was directly applied 10 participants were excluded (e.g. 10).

Eligible studies were required to test a discrete sample of participants who
reporied symptoms associated wilh low-intensity manmade electromagnetic
stimuli. ‘This atribution had to have heen explicitly made by cither the
participants themselves or the experimenters. So, for example, studies inves-
tigating symptomatic VDU users in which no attribution of the symptams o
the VDU had been explicitly made (e.g. |1} were excluded, as were studies in
which participants reported symptoms that were suspected o be the result of
visual or ergonontic features of the V). Swudies that examined the putative
cffects of EMFs on healthy volunteers alone were also excluded.

Finally, only studies reporting data relating to certain outcomes were
included in the review. In particular. we were only interested in experiments
that examined outcomes that are central to the self-diagnosis of EHS, ic.
subjective symptoms, physical signy such as observer-rated skin rash and
subjective pereeption of whether EMI is present, Proxy measures of i1l hiealth
such as blood tests or skin biopsies are less relevant to this process of
self-diagnosis and are not cavered in this article.

Data Extraction and Analysis

Details regarding the following aspects of cach included study were
extracted and tabulated: sample (n, details regarding any control sample).
stimuli (type of provacation), design (number and length of provocations per
participant), sensibility results {(total number of provocations carrectly iden-
tilied as active or inactive by participants, number of participants classified as
able to discriminate active from inactive). and hypersensitivity results (type of
self-reported symptoms or other relevant health outcomes measured, signifi-
cance Jevel of any difference).

Metaanalyses were conducted to determine whether the proportion of
L3118 participants apparently able to discriminate aclive from inactive condi-
tions was greater than the corresponding praportion of contral participants.

Review Process

The literature searches, assessiments of inclusion, and data extraction were
conducted by Gideon James Rubin with uncertainties resolved through con-
sultation with the 2 coauthors. Where uncertainty existed as to whether 2
papers reported data from the same experiment, clanfication was sought from
the authars of the original papers.

RESULTS
Search Results

In total, approximately 8600 titles or abstracts were exam-
incd from which 497 papers were sclected as potentially
relevant to the review and examined in full. Of these, 372

Psychosomatic Medicine 67:224-232 (2005)

were excluded becausc they were review papers, cditorials,
duplicate publications, or did not include a samplc of people
whose symptoms were explicitly attributed to EMF. A further
83 did not describe provocation studies, and 13 reported
unblinded provocations.

Details relating to 31 individual provocation experiments
involving 725 EHS participants were included. Thirtcen ex-
periments {213 EHS participants) used VDU-rclated provoca-
tions as their active exposure condition, 7 (161 EHS partici-
pants) examined mobile phone-related provocations, 10 (315
EHS participants) examined other EMF provocations for par-
tictpants with generalized EHS, and | (36 EHS panrticipants)
tested an apparently healthy group of volunteers categorized
as clectromagnetically hypersensitive based on a median split
for the results of a single questionnaire item.

Visual Display Unit-Related Experiments

Dectails regarding the 13 VDU-rclated experiments are
given in Table 1. Of these, 1 rcported significantly worse
symptoms in the active condition than in the sham condition
for 1 of the 10 tests conducted (standardized mean difference
[SMD] = 1.0, p <.01) (12), although the authors suggested
that this result probably reflected a type 1 crror caused by
multiple significance tests. A second study found that more
EHS participants reported a reduction in skin “tingling, prick-
ling or itching™ after 2 weeks of work with an activated
clectric-conductive filter fitted to their computer sercen com-
pared with 2 weeks of work with a deactivated “placcho” filter
fitted (13). Hlowever, this effcet was small (mean difterence =
0.1 on a 10-point scalc), no other symptoms were affected, and
the authors were subsequently unable to replicate this finding
in a larger study with a longer exposure period (14). Of the
remaining 10 studics, nonc found any cvidence that EHS
participants had greater sensibility than healthy controls or
experienced more symptoms in active compared with inactive
conditions (7,15-22).

Two of the 99 EHS participants (2.0%) for whom infor-
mation was available in these studies appeared to be reliably
able to discriminatc EMF from sham conditions, compared
with 1 of 32 healthy controls (3.1%). This diffcrence was not
statistically significant (chi-square = 0.13, df = 1, p = .72).

Mobile Phone-Related Experiments

Dectails of the 7 studics relating to mobile phone hypersen-
sitivity arc given in Table 2. One of these reported that a single
participant of the 7 tested could detect whether a mobile phone
hidden inside a bag was “on” or “off” 9 times out of 9 (23).
Unfortunately, this study did not include a nonsensitive con-
trol group. Morcover, in an as-yet unpublished study, the same
group previously used similar methods to test ““about 70" EHS
participants 3 to 12 times cach without finding any who could
rchiably make this discrimination (Johansson, personal com-
munication), suggesting that the significant finding may be a
statistical artefact caused by repeated testing.

In another study, Zwambown ct al. (24) reported that expo-
surc to a universal mobile telccommunications system

225
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TABLE 1. Provocation Studies for Visua! Display Unit-Related Sensitivities

Reference

Sample

Active Stimulus

Number and Length of
Exposures

Results (all p >.05 unless otherwise indicated)

Total Number of Correct
Discriminalions Between
Active and Sham (number
of participants apparently
demonstrating
electromagnetic
sensibility)

Comparison Between
Electromagnetic Field Conditions for
Self-Reported Symptoms

Comparison Between

Electromagnetic Field

Conditions for Other
Health Outcomes

Nilsen, 1982 (17)

Swanbeck, 1989 (18)

Hamnerius, 19_93 a9
Hellbom, 1993 (22)
Sandstom, 1993 (20}

Oftedal, 1995 (13)

Sjoberg, 1995 (12)

Andersson, 1996 (21)

Keisu, 1996 (15)

Oftedal, 1999 (14)

Flodin, 2000 (16)

Lonne-Rahm, 20002 (7)

Lonne-Rahm, 2000b (7)

S EHS

30 EHS

30 EHS
6 EHS
22 EHS

19 EHS

7 EHS, § healthy controls for a
subset of provocations

16 EHS

1 EHS, 1 healthy control

38 EHS

15 EHS, 26 healthy controls

12 EHS, 12 healthy controls

12 EHS, 12 healthy controls

Exposure to a VDU

Exposure to moderate
EMF VDU and low
EMF VDU

Exposure to VDU-ITke
magnetic fields

Exposure to a VDU

Various VDU
provocations

Normal oftice work with
an active or inactive
VDU filter

Exposure to 3 different
VDU strengths

Exposure to a cornputer
and VDU

Exposure 1o 2 personal
computer

Normai office work with
an active or inaclive
VDU filter

Different provocations,
most using 3 VDU

Exposure to a computer
and VDU, with or
without the presence
of a stressor

Exposure to a computer
and VDU, with or
without the presence
of a stressor

Two 6-hr provocations, 1 active
and 1 Inactive

One 3-hr provocation to each
VDU

Up to 8 1-hr provocations, in
pairs of active and inactive

Four 30-min provocatiens; 2
active, 2 inactive

Varying durations of exposure

Participants worked for 2 weeks
with each filter

Four active and 4 inactive 1-hr
provocations for each
exposure

At least 2 pairs of 30-min
Frovocations (1 active and 1
nactive) before and after a
geriod of cognitive

ehavioral therapy

Ten provocations, each
randomized to active or
inactive

Participants worked for 3
months with zach filter

Two active and 2 sham
exposures of up to 1 hr each

One 30-min provocation to
each of 4 conditions (VDU
on or off, stressors present or
absent)

One 30-min provocation to
each of 4 conditions (VDU
on or off, stressors present or
absent)

Not measured

Not measured

EHS: 38/80 (0/30)
EHS: 8/24 (0/6)
Not measured

Not measured

EHS: 99/176 (0/7);
Egnlrol: not reported

/3)
£HS: 41/80 (1/16)

EHS: 6/10 (0/1); control:
5710 (0/1)

Not measured

EHS: 29/60 (1/15);
control: 30/60 (1726}

EHS: 22/48 (0/12);
control: not reported

EHS: 29/52 (0/12);
cantrol: not reported

None

Heat or reddening, Itching, stinging,
oedema, “olhers”

Unspecified symptoms

Symptoms—unspecified in
translation

Skin lightness, heal, itching,
pricking, aching, other

Heat, itching {(p = .03), skin
tightness, tenderness, redness,
blisters/acne, desquamation

“Comparison wilh symptoms from
(liquid crystal display) work” (p
<.01); 9 other unspecified
symptoms

Unspecified symptoms previously
reported by Lhe participants as
elicited by EMF

Not measured

Heat, itching, skin tightness, skin
redness, éye stinging, eye pain,
eye redness, eye tiredness,
sensitivity to light, headaches,
dizziness, tingling, fatigue

Ten unspecified symptoms relating
to skin, mouth, airways,
abdominal sensations, mental
sensations

Facial skin sensations, steess level,
tiredness; no interactions were
found hetween stressor and EMF
condition

Facial skin sensations, stress level,
tiredness; no interactions were
found between stressor and EMF
condltion

Observer-rated skin rash

None

Erythema, observer-
rated skin redness

None
None

Observer-rated
dermatologic status

None

Nane

None

None

None

None

None

EHS = electromagnetic hypersensitivity; EMF = electromagnetic field: VDU =

visual display unit.
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TABLE 2. Provocation Studies for Mobile Phone-Related Sensitivities

Reference Sample

Active Stimulus

Resuits (all p >.05 unless otherwise indicated)

Total Number of Correct

Number and Length of
Exposures

Discriminations Between
Active and Sham {number
of participants apparently

demonstratin
electromagnetic
sensibility)

Type of Self-Reported
Symptoms Measured and
Comparison Between Active
and Inactive Conditions

Other Health Qutcomes
Measured and Comparison
Between Active and [nactive

Conditions

|ohansson, 1995 7 EHS
23)

(S002) Z£Z-¥TT:L9 duinpon dnewosoydfsd

Radon, 1998 11 EHS
(25)

Raczek, 2000 16 EHS
(27)

Barth, 2000 (26) 1 EHS

Hietanen, 2002 20 EHS
28

jobansson, 2003 70 EHS
(unpublished
data)

Zwamborn, 2003 36 EHS, 36
(24) healthy

controls

Mobile phone hidden
inside a bag

GSM 900 signal

GSM 900 signat

Mobile phone

Analog, GSM 200 and
GSM 1800 signals

Mobile phones

GSM 900, GSM 1800,
and UMTS mobile
phone base station
signals

Participants exposed up to ¢
times each; each exposure
randomized as active or
inactive; exposures fasted
for twice the lime necessary
to provoke symptoms
during a nonblind
provocation

A series of 12 trials, each
consisting of 3 2-min
exposures, 1 active and 2
inactive

A series of 21 trials, each
consisting of 3 3-min
exposures, 1 active and 2
inactive

Patient exposed to 15 active

rovocations and 16
inactive provocations

One 30-min exposure to cach
condition

Between 3 and 12

provocations per
articipant; exposures

asted for twice the time
necessary to provoke
symptoms during a
nonblind provocation

Each volunteer exposed to 3
45-min provocations, 1
inactive and 2 active

EHS: 25/37 (1/7 [p =
.002])

EHS: 54/132 (0/11)
EHS: 94/336 (0/16)

EHS: 13/31 (0/1}

EHS: not reported (0/20)

EHS: not reported (0/70)

Not measured

None

None
None

None

Nurmber of symploms reported
by participants during
experiment was greater in
inactive condition (no
statistical analysis}

Unspecitied symptoms

Anxiety (p <.05) [B], somatic
symptoms (p <.0S) {B],
inadequacy {p <.05) [B, €],
dep(rﬁssion, hostility {p <.05)

None

None

None

None

None

None

Reaction time (p <.05) [A,
E], memory comparison
(p <.05) [D,E], selective
attention (p <.05) [B, E],
dual-tasking reaction time
(p <.05) [D], filtering
irrelevant information (p
<.05) |A|

A. Comparison of inactive and 900 MHz for EHS group; B, comparison of inactive and 2100 MHz for EHS group; C. comparison of inactive and 900 MHz for contro! group: D, comparison of inactive
and 1800 MHz for control group: E, comparison of inactive and 2100 MHz for control group.
EHS = clectromagnetic hypersensitivily: UMTS = universal mobile telecommunications system.
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(UMTS) mobile phone basc station signal resulted in greater
levels of anxiety, somatic symptoins, inadequacy, and hostility
for EHS participants than exposurc to a sham signal (p <.05).
A healthy control group was also significantly morc affected
by the UMTS signal than the sham signal. experiencing an
increase in inadequacy only (p <.05). These clfects were
smaller in the control group (overall SMD for well-being =
0.22) than in the EHS group (SMD = 0.36), although the
authors of the study caution against direct comparison be-
tween the groups because of the demographic differences
obscrved between them. Some changes in objective cognitive
measures were also apparent for both samples as a result of
exposure to UMTS, 900-MHz and 1800-MHz signals, al-
though no consistent patlern was found in terms of which
cognitive variables were affected by which type of signal (sce
Table 2). Furthermore, although some cognitive parameters
(ability to filter information, reaction time) showed signilicant
decrements as a result of exposure, others (memory, visual
attention, dual-tasking reaction time) showed significant im-
provements.

Of the 4 remaining blind or double-blind mobile phone-
related studies (25-28), none found any effect indicative of
biophysical hypersensitivity.

Only | EHS participant (0.8%) of the 12§ for whom
information was available in these studies was consistently
able to discriminate active from inactive exposures. No com-
parabic data were available for any control participants. Nev-
crtheless, the probability of 1 or morc of 125 participants
identifying “on” from “off™ 9 times out of 9, as this participant
did, but purely by chance, is p = .22.

General Electromagnetic llypcrscnsitivﬁy-Rclatcd

Studies

Ten studies tested individuals reporting EHS using provo-
cations with other sourccs of weak EMF (Table 3).{One of thé
Earlicst, by Rea ct al. (29), tested 100 patients with EHS and
_comorbldTbl_]oglcal—iﬁh_alant “food and chemical scnsitivi?
ties.” Of these, 16 individuals were identified who repeatedly
responded 1o certain EMFfrequencies witli sympioms but
who did not respond fo inactive challenges. A control group of
healthy volunteers showed no response to cither type of chald
enge. Although the substantive parts of this study were ded
Scribed as double-blind, the authors reported that the cxposure
equipment and ifs operafor were present in the testing room
fduring the experimént. A subsequent attempt by this group to
replicaie their findings, but this time using a screen to prevent
participants from seeing the manipulation bf the exposure
Equipment, did not find any evidence of bigphysical hyper?
Sensitivity (30)]

Aside from this study, only 1 other in this category found
any significant effect of EMT (31). This crossover experiment
cxposed EHS participants to 4 hours of nighttime EMT or an
inactive sham condition over the course of 4 weeks. Mceasure-
ments of mood during the morning revealed significantly
higher levels of pleasure (p = .01) and arousal (p = .05)
during the EMF condition, a finding that runs contrary to the

228

G. ). RUBIN et al.

self-reports of EHS sufferers. The explanation for these find-
ings is still unclear, but given their unexpected direction, they
do not seem to support the hypothesis that EHS sufferers are
adversely affected by EMF. Of the remaining 7 studies, nonc
identified any significant cffect of EMF on EHS sufferers
(32-38).

Six of 95 EHS participants (6.3%) and 1 of 47 control
participants (2.1%) were reliably able to discriminate active
from inactive conditions in these experiments, a nonsignifi-
cant difference in proportions (chi-square = L.18,df = 1, p =
.28).

Other Studies

One other study (39) was identified. This used a between-
participants design to test a group of 66 volunteers drawn from
student and military populations. Two of the 3 provocations
uscd arc particularly relevant here: exposure o EMIF and
noise, and exposure to noise only. Adjusting for performance
in a third condition in which noisc and EMF werc not present,
participants classified as hypersensitive were significantly
more affected by the presence of EMF than control partici-
pants in terms of their performance on visual processing and
visual attention tasks (p <.05). No such effects were seen for
3 other cognitive variables or for subjective discomfort (sce
Table 4). However, interpretation of these results is compli-
cated by several methodologic factors, including the catego-
rization of participants into sensitive or control groups on the
basis of responses given after testing had been completed and
the inappropriate use of t-tailed significance tests.

DISCUSSION

Current Evidence

[To date, 7 blind or double-blind provocation studies have

found some effect of EMF provocation on people who report
ENS (12,13,23,24,29,31,39). However, even the original au-
thors have been unable to replicate the results of 2 of these
(14,30}, the results of 3 more scem to be statistical artefacts
reflecting the large number of significance tests conducted
(12), the large number of participants tested (23); unpublished
Johansson study), or the inappropriatc usc of 1-tailed signifi-
cance tests (39), and the results of the remaining 2 ar¢ mutu-
ally inconsistent, with one showing improved mood as a result
of provocation (31), while the other shows worse mood (24).
Meanwhile the cognitive effects of this last study were appar-
ent in both the control group and the hypersensitive group and
appeared to reflect both improvements and impairments in
cognition (24). Twenty-four other blind or double-blind prov-
ocation studies have found no evidence that people with
apparent EHS are cspecially sensible or hypersensitive to
EMF. QOur metaanalyses also confirmed these findings. In
summary, we have therefore been unable to find any robust
cvidence to support the existence of EHS as a biologic entity.

On the other hand, several of the experiments reviewed
also examined the effects of a nonblind cxposure to the
relevant stimulus (7,22,23). All found that when the partici-
pants were awarce that thc EMF source was switched on, they

Psychosomatic Medicine 67:224--232 (2005)
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TABLE 3. Provocation Studies for Generalized Electromagnetic Hypersensitivity,

Reference

Sample

Active Stimulus

Number and Length of
Exposures

Results (all p >.05 unless otherwise indicated)

Total Number of Correct
Discriminations Between
Active and Sham (humber of
participants apparently
demonstrating
electromagnetic sensibility)

Type of Self-Reported
Symptoms Measured and
Comparison Between
Active and Inactive
Conditions

Other Health
QOutcomes
Measured and
Comparison
Retween Active
and Inactive
Conditions

Rea, 1991
(29)

Wennberg,
1994 (32)

Johansson,
1995 (33)

Wang, 1995
(30)

Bertoft, 1996
(B34

Toomingas,
1996 (35)

Mueller,
2000 (31)

ReiBenweber,

2000 (36)
Lyskov, 2001
37

Muelfer,
2003 (38)

100 EHS, 25 healthy
controls

25 £11S, 13 healthy
controls

7 EHS

19 EHS, 34 healthy
controls

4 [HS

1 EHS

53 EHS

37 EHS, 37 healthy
controls

20 EHS, 20 healthy
controls

49 EHS, 14 healthy
controls

Exposure to EMFs of varying
frequencies

CLFAVLF fields

"Electric and/or magnetic
fields”

Exposure to EMFs of varying
frequencies

[xposure lo EMFs gencrated
y a dental chair and unit

Whole-body Helmholtz coil
with 2 field intensities

Exposure to intermittent or
constant EMF

50-Hz sinusoidal field

Weak magnetic fields, with
or without concurrent
mathematical task

Low-intensity EMF

Three testing phases involving
repeated testing with 3-min
exposures to different
frequen(y EMFs and inactive
chalienges

Multiple exposures of less than
10 min

Unknown number of 60-min
provocations

Nine 3-min provocations; 6
active, 3 inactive

Two 1-hr provocations; 1
active and 1 inactive

Twenty-four 1 or 10-s
provocations to inactive or
active conditions

Exposure to active or inactive
provocations (1 4-hr period
per night for 25 nights)
conducted while participant
was sleeping

Twenty 2-min exposures, haif
active, half inactive

Two testing days: day 1
entirely inactive, day 2 had
4 10-min exposures to
active and inactive fields,
with or without maths task

Twenty 2-min provocations: 10

active and 10 inactive

EHS: not measured; control:
not measured

EHS: unreported (0/25);
control: unreported (0/13)

Study abandoned; authors
reported that “several
miliey factors” may have
interfered with the study

Not measured

Not measured

EHS: unreported (0/1)

Not measured

EHS: unreported (unreported);
control: unreported
(unreported); authors
report "no significant
differences in guess
probabilities of groups”

EHS: unreported {0/20);
control: unreported (0/20)

EHS: unreported {6/49);
control: unreported (1/14)

Patients asked to describe
any symptoms; 16/100
EHS participants
consistently reported
symptoms in active, but
not inactive conditions,
compared with 0/25
controd participants

Patient asked 1o report
onset of any symptoms

Not reported

Unspecified symptoms

Neurologic,
musculoskeletal,
cardiovascular,
oral/respiratory,
gastrointestinal, ocular,
and dermal symptoms

Patient asked to describe
any symptoms

Steep quality, pleasure {p =
.01), arousal (p = .05)

Patients asked to describe
any symptoms, but no
analyses reported

Tactile feelings and general
fatigue more prevalent
in inactive condition (no
statistical analysis)

None

None

None

Not reported

Neone

None

None

None

None

None.

None

EHS = clectromagnetic hypersensitivity: EMF = electromagnetic ficld.
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TABLE 4. Other Provocation Studies

Results (all p >.05 unless otherwise indicated)

Other Health Qutcomes
Measured and Comparison
Between Active and Inactive

Type of Self-Reported
and Comparison
Between Active and
Inactive Conditions

Symptoms Measured

Total Number of Correct
Discriminations Between Active and

Sham (number of participants

Number and Length
of Exposures

Active Stimulus

Sample

Reference

apparently demonstrating

Conditions

electromagnetic sensibility)

Unsuccessful visual processing,

Not measured Discomfort

Exposure to either 1

EMFs generated by a

36 EHS, 30 healthy

Trimmel,

hr of EMF + noise

transformer coil

controls

1998
(39

precise visual processing (p

<.05), visual attention (p
<.05), visual perception,

verbal memory

or to 1 hr of just

noise

EMF = clectromagnetic ficld.

G. |. RUBIN et al.

reported being able to detect the EMF or experienced more
symptoms. Another study found that participants’ belicfs
about the status of a double-blind exposure significantly pre-
dicted symptom reporting regardless of whether these beliefs
were correct (21). Given that the actual presence of EMF did
not correlate with increased symptom severity in these studies,
these findings suggest that psychologic mechanisms may play
at least somc role in causing or exacerbating EHS symptoms.

Review Methodology

Our results illustrate the nced to conduct reviews system-
atically and without heed to the publication status, language,
or conclusions of the primary rescarch. By doing this, we have
been able to identify a large number of studies that have gone
unreported in previous reviews. It is always possible, how-
ever, that additional provocation studics cxist that we were not
able to find. Yet, given that publication bias makes studics
with significant results easier to locate, it is very unlikely that
any missing studies would alter our conclusions.

A subtler problem for this review concerns the homogene-
ity of the participants included in the original rescarch. Al-
though some studies focuscd on participants with a single
complaint such as skin rashes caused by VDUs (17) or symp-
toms caused by mobile phones (28), others tested volunteers
with more generalized and typically more severe sensitivities
under the assumption that this would make any effect casier to
detect (16). In this review, we have made no distinction
between thesc categorics. Given that there i1s no a priori reason
to assume that any biophysical mechanisms goveming the
adverse effects of EMF will differ between these groups, we
belicve we arc justified in doing this. Nevertheless, arguments
might be made for assessing these groups independently.
Although poor reporting by the original studics makes subdi-
vision into these categories difficult (1), we do not believe that
doing this would alter our conclusions; the studies reviewed
provide no robust evidence for the existence of generalized
EHS, and there is currently no good cvidence for the existence
of more specific sensitivitics to mobile phone sighals or VDU
cmissions. However, as new technologics with different EMF
characteristics arc developed, it is likely that new sensitivitics
to them will be reported. As such, there will always be room
to arguc that the latest form of EHS has yet to be fully
investigated.

Research Methodology

Why have so many provocation studics failed to produce
significant findings? A number of suggestions have been put
forward. For example, it has been suggested (24,29) that only
studies conducted in specially designed chambers, which
shield against all extraneous background EMF, would be able
to produce a significant result. However, although this would
presumably reducce any “noise” in symptom reporting and
make increased symptoms casier to identify, people with EHS
do usually report being able to detect the presence of electro-
magnetic triggers in cveryday lifc. It should therefore also be
possiblc for scicntists to detect this sensitivity against the

Psychosomatic Medicine 67:224-232 (2005)
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backdrop of normal EMF lcvels. Morcover, many of the
studies reviewed did use techniques to reduce or control for
background EMF but were still unable to identify an effect
(7,12,16,19.21,28,30,36.38).

Other arguments sometimes heard arc that the participants
in an experiment were not sensitive enough, that the wrong
symptoms were measured, that the exposure used was the
wrong kind, or that the follow up was too short. Again, nonc
of these scem very plausible as an explanation for all the
negative results. In particular, we note that when provocation
studies have included nonblind arms or training sessions, then
it usually has been possible to measure an increase in symp-
toms (7,22,23). Oiher studies have found participants to be
confident in their assertions that a particular scssion was
active or inactive (15,21) or have identified inercases in symp-
toms that are similar to those found after exposure to real-life
triggers (18,34,37). The conclusions of the 1997 Europcan
Commission report thus still scem 1o be valid: participants do
expericnce “realistic” symptoms in these experiments, but this
is apparently not associated with the presence of EMF (1).

More of an issuc arc “hangover effects.” EHS sufferers
sometimes report symptoms that can last for several days (3).
It is thercforc important that studics use an appropriate inter-
val between provocations to prevent symptoms experienced in
onc from masking any cffects of the next. It is difficuit to
know how many studies were affected by this, but at least 2
reported that hangover cffects did seem to have an impact on
their results (18,29).

Low statistical power might also explain some of the neg-
ative findings. This is not simply an issuc of sample size;
testing a single participant numerous times can be a powerful
design, although it does reduce the generalizability of any
ncgative findings. Ncvertheless, the majority of studies in-
cluded relatively small sample sizes and failed to justify this
by providing a power calculation. Such a calculation could be
based on participant reports of usual symptom severity after
real-life exposure to the stimulus and should now be given in
any future rescarch,

Implications for Researchers and Clinicians

We arc aware of at Icast 6 more double-blind provocation
studies into EHS that arc currently ongoing, each of which is
examining hypersensitivity symptoms associated with mobile
phone-type signals. The results of these studies will determine
whether any more rescarch in this arca is needed. If further
studies arc necessary, the following guidelines should be
considered: 1) Studics should include a healthy control group.
This will not only provide a standard against which to judge
heightened sensibility (38), but it will also provide a useful
indication of the adequacy of the blinding (16). 2) The nature
and severity of participants’ sclf-reported scnsitivities should
be assessed and reported. This might then be used to produce
a power calculation, which should also be reported. 3) The
inclusion of open-blind provocation sessions should be con-
sidered as a uscful way of ensuring the face validity of the
experiment. 4) Hangover cffects should be controlled by the

Psychosomatic Medicine 67:224-232 (2005)

use of lengthy intervals between exposures or ¢lse checked for
by the use of precxposurc measures of symptom scverity.

Our review suggests that treatment for EHS should not
simply focus on reducing EMF cxposure because this is un-
likely to address the root causes of the problem (14). Identi-
{ying whal these causes are may require careful investigation.
For some, complaints of EHS may mask organic or psychiatric
pathology, whereas others may benefit from a course of cog-
nitive behavioral therapy (21).

CONCLUSIONS

‘This systematic review coubd find no robust ¢vidence to
support the existence of a biophysical hypersensitivity to
EMF.
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nications and Health Research Programme. The views expressed in
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Are some people sensitive to mobile phone signals? Within
participants double blind randomised provocation study

G James Rubin, Gareth Hahn, Brian S Everit, Anthony | Cleare, Simon Wessely

Ahstract

Objective 'To test whether people whio report being sensitive to
mobile phone signals have more symptoms when exposed to a
pulsing mobile signal than when exposed o a sham signal or a
non-pulsing signal.

Design Double blind, randomised. within partcipants
provocation study.

Setting Dedicated suite of oflices ar King's College London,
between September 2003 and June 20056.

Participants 60 “sensitive” people who reported often geiting
headache-like symptoms within 20 minutes of using, a glohal
systam for mobile communication (GSM) maobile phone and 60
“contral” participants who did not veport any such symptoms,
Intervention Parlicipunts were exposed to three conditions: a
900 MEz GSM mobile phone signal, a non-pulsing carier wave
signal, and a sham condition with no signat presem. Fach
exposure fasted for 50 minutes.

Main outcome measures The principal outcome measuwre was
headache severity assessed with a 0-100 visual analogue scale.
Other outcomes included six other subjective symptomns and
participants’ ability to judge whether a signal was present.
Results Headache severity increased during exposure and
decrcased immediately aftorwards. Flowever, no strong evidence
was found of any difference betweern the conditions in terms of
symprom severity. Nor did evidence of any differenial effect of
corclition between the two groups exist. The proportion of
seusitive participants who believed a signal was present during
GSM exposure (60%) was sismilar 1o the proportion who
helicved one was present during sham exposure (63%).
Conclusions No evidence was found 1o indicate that people
with self reported sensitivity to mobile phone siguals are able to
deteet such signals or that they react (o themn wirh inereased
symptont severity, As sham expaosure was sufficient to (rigger
severe symptoms in some participants, psychalogical factors
may lave an importani role in causing this condition.

Trial registration ISRCTN81432775,

Introduction

The recenn upiake ol mohile phones has been accompanied by
sone concern aboul possible healih visks.! I the general popu-
lation, the health ceffects most often auributed to mobile phone
use are non-specific symptoms. Excluding sensations of mild
warntly, the most commonly reported symptoms are headache,
burning, dizziness. fatigue, and tingling? Mechanisms 10 explain
these phenomena remain speculative, and although the pulsing
nature of “glabal system for mobile communication” (GSM) sig-
nals hias been suggested 10 he partly to blame,’ experiments that
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have exposed healthy aduhs to GSM signals under blind condi-
tions have not found any significant effects on the reporting of
sympioms,’

Witether a subgroup of people who are more sensitive o
GSM exists remains unclear. Of particular interest are people
who report symptoms almost every fime they use a mobile
phone” This phenoutenon falls within the broader category of
“elecuromagnetic sensitivity,” a medically unexplained condition
in which non-specific symptoms are reported after perceived
exposure to any of a wide range of electrical devices, including
mohile phones, visual display units, and power lines. The preva-
tence of sell reported clectromagnetic sensitivity in the United
Kingdom is unknown, but community studies in Sweden and
California pan the figure at herween L5% and 3%." 7 Provacation
studies tha have exposed people who report clearomagnetic
sensitivity to electromagnetic fields under blind conditions have
so {ar failed 10 provide any good evidenee linking the presence
of clectromagnetic fliclds 1o severity of symptoms.” Several
authors have therelore suggested that psychological mecha-
nistms may be more relevant in causing the condition.”

We tested whether people with self reported sensitivity to
GSM would experience grearer hcadache severity after double
blind exposure 10 a GSM sigial thase aflter exposure e a sham
signal. Secondary outcomes included other symptoms and abil-
ity to diseriminme GSM from sham signals. We also tested
whether a pulsing signal resulted in greater reponting of
sympoins than a non-pulsing signal.

Mecthods

Study design

In ahis within participams study, we exposed people who
reported adverse reactions to nobile phone signals (sensitive
group) or who did not report any such effects (control group) o
three conditions: a signal mimicking thar produced by a 900
Mz GSM mobile phone, an unpulsed continuous wave signal,
and a sham exposure with no signal present. Qur Clinical ‘Trials
Unit determined thie order in which these conditions vccurred
for each participant on enrolment, by using a computerised ran-
dom numbers generator and counter-halancing within blocks of
six consecutive participants,

Exposures were double blind—tha is, neither participants
nor researchers were told which type of exposure was present in
which testing session, The controls for our exposure equipment
allowed for 256 possible seitings, of which 15 had been
randomly alocated w cach condition. Only the Clinical Trials
Unit kniew which settings related o which exposure. For the first
nine control participants and six sensitive participants (11.5% of
all participants), Clinical "Trials Unit staff 1old rescarchers which
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sctring 1o use on the morning of cach expaosure. Given the theo-
retical possibility that the meaning of a seting might eventually
be inferred by obscrving several participants’ reactions to it, for
the remaining sessions Clinical Trials Unit staff entered the
codes and then obscured iltem from the researchers with
opaque pe.

Participants

To be eligible for the sensitive group, participants had to report
often experiencing headache-ike symptoins within 20 minutes
of using a 900 MHz GSM mobile phone. Parricipants who did
not auribute any symptons 1w mobile phone signaly were
eligible for the control group. We excluded people who were
aged under 18 or over 75, were pregnant, had a psychotic illness,
were currently using  antidepressanis, or reported  severe
symptoms at bascline while in our esting room. We reeruited
participants through mailshots organised by an clectromagnetic
sensitivity support grou, advertising by interested clinicians and
by our funding body, posters in general practitioners” surgeries,
adverts and  articles in the press and  specialist healih
publications, emuil cireulars, and word of mouth.

Exposures

We gencrated exposures by using the standard GSM handset
system used within the UK Mobile Telecommunications and
Health Rescarch programme.™ The antenna for this headband
mounted system was positioned slightly above and behind the
left ear and within a few millimeires of the participant’s scalp.
Roth GSM and continuous wave conditions produced a (arget
specific absorption rate adjacent 1o the antenna o’ 1.4 W/kg,
with an uncertainty of £30%. For the sham exposure, a continu-
ous wave signal was generated 1o ensure that the systein heated
up to the sume degree as the active exposures hut was diveried 1o
aninternal load instead of heing wansmitied  through the
autenna; only minimal leakage of this signal occurved (specific
absorption rate <0.002 \W/kg).

Questionnaires

We assessed severity of symptoins during exposure by using 100
mum visual analogue scales,” anchored with the phrases “no sen-
sation” and “worst possible sensation” These scales measured
headaches; nausca; fatigue; dizziness; skin itching, tingling, or
stinging; sensations of warmth or huring on skin; and eye pain
or dryness.

We collected other data at hascline, consisting of demograph-
ics and current or previous mobile plione usage. We also asked
participants  to  record  the  frequency  with  which  they
experienced 11 common symptoms after a mohile phone call
{never, 25% of calls. 50% of calls, 75% of calls, every call). We
asked participants in the sensitive group about duration of illness
arl symptoms, how near a mohile phone needed 1o be before
they could detect it whether they considered themselves 10 have
“clectrosensitivity  or sensitivity 10 electromagnetic  fields”
whether they had sought ireatmery, and whether theiv seusitivity
ipaired (heir daily functioning.”

Procedure

We sent written infornion 1o people who contacted us md
screened them for cligibility. We invited those who provided ver-
bal consent to attend our unii for three mornings. We insoucied
participants nor to take recreational drugs for one week before
attending; not o drink alcohol for 24 hours heforehand: and not
to drink more thun one cup of tea or coffee, rake painkillers, or
undertake strenuous physical activity or anything psychologi-
cally stressfut ont the morning of cach visit.
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Sessions began wirh a 30 minute adjusiment period. During

this time in session oue, participants provided informed writien
consent and completed the various demographic questionnaives.
At the end of these adjustiment periods, we asked participams (o
complete bascline visual analogue scale measures, The exposure
cquipment was then attached and switched on for 50 minuies.
Participants compleled further visnal analoguce scale measures
after 5, 15, 30, and 50 minutes. If a participant requested that an
exposure be ternminated carly, visual analogue scales were
adminisiered imnediaely. All participans completed a final set
of visual analogue scales 30 minutes after the end of each expo-
sure. At this point we asked them to siate whether they believed
u signal had been present and their confidence about this (200
mm visual analogue scales from “complete guess” 10 "100% cer-
win”), Al least 24 howrs after each session we  contacied
participants and asked them whether they had experienced any
visual analogue scale symptoms in tle 21 hours since exposure,
We ascertained a score of 0 (no sensation) to 10 (worst possible
sensation) for any symptoms thal were reported, and we catego-
rised participanis scoring H or more ax having experienced a
“definite” symptom.

All testing took place berween Sepiember 2003 and June
2005 in two rooms within King's College London. The rooms,
which were lit by two table lamps, were not shiclded against out-
side clectromagnetic fields.

Sample size calculation

We based our sample size calculaiion on our ability to detect a
change in headache severity within the sensitive group afier 50
minutes of GSM expusure, using a two way analysis of variance
with one between participants factor (sensitive » control) and
one within participants factor (GSM » continuous wave » shamy).
On the basis of previous studies in healthy and clecuosensitive
participants,' " this analysis assumed that conwrol participars
would report a mean headache severity of 10 units in all thvee
experimental conditions whereas sensitive participants would
report a mean severity of 11.7 in the sham and continuons wave

condidons, with standard deviations of 26.8. [n the abscnce of

any pre-existing data, we assumed correlations of r— 0.5 between
conditions and that any cfect of GSM in the sensitive group
would be moderate—ihat is. an cfiect size of 0.5. Our caleulation
showed that to deteet this cficet as significant at the 5% level and
with 80% penver we would need 60 participants in cach group. In
practice, although  these  assumptions thuirned owt 1w be
reasonable, the nature of our data required us 1o adopt a differ-
ent analviical sirategy from that originally planned. As such, this
calculation should be taken as indicative only.

Analyses
“lo analyse symptom severity over time, we used generalised esti-
mating equations.” This approach was needed to accommodate
the extemely positively skewed distribution of each response
ariable and 10 allow the inclusion of a sutuble corvelation suuc-
ture for the repeated measures of cach response. These models
also attowed us 10 take into account differing lengths ol exposure
for purticipants who requested that an exposure be terminated
-arly. The specific generalised estimating equations model fitted
1 cach response used log(syinptom  severity+l) as the
dependent variable, a ganma crror disuibudon, and an
exchangeable correlation structure, We used robust standard
crrors 1o judge the “signilicance” or othenwise of the explanatory
variables included in the fitted models.”
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Fig 1 Study flow diagram

Results

We were contacted by 83 potential sensitive participants and 69
potential controls wha met the inclusion criteria and provided
verbal consent. OF these, 71 sensilive participants and 60
controls attended for their first testing session, and 66 in cach
group attended all three testing sessions and were included in
our main generalised estimating cquations analyses (fig 1), Table
1 shows demographic data for those participants who attended
at least one session; tie only subsiantive difference between the
groups wis a significantly higher proportion of sensitive partici-
panis from a professional or managerial background (=56,
P=0.02). Resiricting the demograpliic comparisons (o partici-
pants who compieted all three testing sessions did not alier these
resulis.

For sensitive participants, the mean veporied delay hetween
beginning a call and onset of symptoms in everyday life was 6.5
(SD 6.5) minues. For 48 people, symptoms usually resolved
within iwo hours. All but one had been sensitive for at least a yeaw
(median 4 (interquartile range 2-5) years).. Fighteen people
reported that their sensilivity to mohile phones caused “definie”
impairment or worse in at least one aspect of daily functioning,
and 15 people reported having sought treatment lor their condi-
tion. Thiricen people reported being sensitive to mobile phones
at distances ol one metre or niore. and the same number
reported  having  “clecrrosensitivily”  Sensitive  participants
reported headache-like symptoms in a mean of 70.4% of calls.
‘The next most cotmaon symptoms were skin warmth or burning
(43.3% of calls). difficulty concentrating (30.09), and dizziness
(20.84%). Very few comtrol participants reported any symptoms in
rclation 10 mobile phone signals; the highest mean frequency
was for skin warmth or burning (2.9%%).
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Table 1 Demographics of participants

P value lor
Cantral group Sensitive group differences
Variahle {n=60) {n=7%) beiween graups
Mean (SD) age {years) 335 (10.2) 371 (13.2) 0.09
Sex (mate.female) 27133 31.40 .88
Ethniclty {wiite other) 45 & 56 15 0.60
Matilal stalus 39:182 383013 0.41
{singla:maraied/
cohabiting divorced d)
Employment stalus {n 3010218 42:9317 0.1
viotk unemployed housewite/
hushand student)
Socioecanomic status , 3129 51:20 0.02
{professional, managerial, or
intermedate:sermroutine,
routine, or stirdent)
Educational leve! {secondary 1842 2645 0.42
education or lower higher
eduranon)
Weekly frequency of mabile 82527 172232 0.23
phone use (<4 hmes 4-12
times: 13+ times}*
Typical leagth of call (<5 32226 44189 0.37

minutes 5-15 minutes:16+
minutes)*

*Former mobile users {n=10) based their answers on the last time they regufarly used one.

Table 2 shows the results of fitting generalised estimaiing
equation models to each response variable. The groupxiime
nteracton ternt was not needed in any model, so it does not
appear in this table. Fitted madels for all response variables
showed highly significant ctfects Tor time (borh linear and quad-
aatic effects) and for baseline severity, We found no convincing
evidence of an cffect of condition or a conditionxgroup effect
for any of the syinptoms. For headache, burning sensations, skin
sensations, ad eye pain we (o evidence of a main group
effect—sensitive participants reported greater severity, In terms
of the original visnal analogue scale units, this group cffect for
headuche severity equated 10 an increase of 1O (95% conlidence
interval 0.4 (0 20) unit. Figure 2 shows the median headache
severily by group for cach exposure condition, and ligure 3 illus-
ates the main effect of group on headache severity collapsed
across conditions.

We also analysed the number of severe reactions seen in cach
condition, with a severe reaction defined as a participant
requesting that an exposure he ierminated early or withdrawing
from the study entirely after an exposure, Twenty six such
reactions oconrred in dhe sensitive group (9 withdrawals; 17 carly
tevminations), and none occurred in the conwrol group. These
reactions were equally distributed between GSM (n=7), continu-
ous wave (n=10), and sham (=% conditions (¢*=0.51,
P=10.76). Excluding data relating 1o the four participants whose
reasons for withdrawal were not explicitly stated to us (see fig 1)
did not affect these results (GSM 5, continuous wave 9, sham 8;
721=1.2,P=10.55),

We had next day follow-up resulbis for all three sessions for 41
control participunts and 49 sensitive participants. Cochran’s Q
tests identified no  significunt differences in the number
reporting at least one definite symptom after GSM, continuous
wave, or shan exposures in either the control group (GSM 0741,
continuous wave 2741, sham 1/11; @ =40, P=10.14) or the scu-
sitive group (GSM 5/49, continuous wave 8/49, sham 4/49;
Q=20,1=037).

‘Table 3 shows pardcipants’ assessments of whethier o signal
was present during provocation. The proportion who believed a
signal was present during exposure 1o GSM (60% of sensitive
participants, 58% of controls) was stightly less than for the sham
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Tahle 2 Estimated regression coefficients (robust standard error) derived from generalised estimating equatian models used to assess effects of group,
exposure, duration of exposure, and baseline score on symptom severity

Duration {linear Duration {quadratic Seasilive v
$ severily ion) {unction) controt Sham v GSM LW vGSM Group x (sham v GSM)  Group x (CW v GSM)
Headathe 0.04 (0.008) 0.04 (0.004) -0.0004 {0.0004) 07 (0.2) 0.07 {0.1) -0.62 (0.1) —0.08 (0.2 0.2 {0.2)
Nausea 0.02 {0.05) 0.006 (0.001) ~0.0082 (0.00004) 6.2 (0.3) 0.06 {0.1) -0.2 {0.1) 0.1 (0.4) 0.3 (0.3)
Fatigue 0.04 {0.005) 0.01 (0.002) ~0.0003 {0.00005) 0.2 (0.2) —0.08 {0.1) 0.2 (0.1) ~009 (02) 0.2 (0.2)
Dizziness 0.05 (0.02) 0.607 (0.00t} -0.0003 (0.00005) 143 (0.2) —0.2 (0.1) ~0.03 {0.1) 02 {0.3) —0.01 (0.3}
Skin 0.05 (0.01) 0004 (0.001} -0.0003 {0.00005) 0.5 (0.2) -0.09 (0.1) 0.1 (0.1} 0.1 {0.2) 0.3 (0.2)
Burning 0.63 {0.00005} 0.007 (0.001) -0.0007 {0.0004) 04 (0.2) —0.05 (0.1) -0.09 (0.09) 02 {0.2) 0.4 (0.2)
Eye pain 0.05 {0.008) 0.607 {0.001) —0.0003 {0.00004) 06 (0.2) -0.04 (0.1) 02 {0.1) -0.3 {0.2) .08 (0.2

CW=cantinuous wave; GSM=global system for mohile communicahon,
In each model, the dependent variable used was log{syriplom seventy +1).

—— Sensitive (GSM) —-— Control {GSM)
---- Sensitive (CW) - — Control {CW)
- Sensitive (sham) — — Control {sham)
S 2
2
<
= |
$ 15
&
10
5
0

Time {minutes}

Fig 2 Median headache severity {error bars show nterquartile range) during
provocation with global system for mobile communication {GSM), continuous
wave (CW), and sham expaswes for sensitive aad cantral padicipants. For
clarity, graph does not include data relating to exposures that were terminated
early, although these data were included in analyses

exposure (63% of sensitive participants, (8% ol controls). Scll
reported confidence for these judgments did not differ greaily
(table ).

Discussion

We found no evidence 1o indicare that self reported sensitivity 10
4900 Mz GSM mohile phone signals has a hiologicat basis. Nor
did we tind any evidence to suggest that the pulsing nature of
GSM comributes ta these symptoms, These findings agree with
the large majority ol previous blind or double blind provocation
studies for electromagnetic sensitvity, which have found no dif-
ferences in the severity of symptoms clicited by active or sham
exposure to clectromagnetic fiekds.”

Did some inadequacy exist in our methods diae might
account for these “negative” findingsz 1 i did, we are unaware of
it. The exposure represented a relatively “worst case scenario”
mobhile phone call, using a high specific absorption rate and last-
ing almost cight tmes longer than the mean call length usually
needed o (rigger symptoms in our sensitive sample. Interference
from pariicipants’ reactions (o extraneous clechromagnetic fields
is also unlikely: after 30 minutes adjusting to our offices, only rwo

Contro}

SensHive

100+

Severity

80+

T T T T T T 1 T
20 40 60 80 20 40 60 80
Time {tminutes)

Fig 3 Headache severity over time for each paricipant, illustrating main effect of group on severily. Data for this Tigure have been collapsed across all three exposure

conditions
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Table 3 Number of participants who believed a signal was present for each experimental condition and mean (SD) confidence (0-100) reported by

participants for these “signal present” assessments

Sensitive parlicigants

Contrals
Exposure Comgleted all three exposures Compleled al teast one exp
No Confidence No Conlid: Na Confidence
GSM 35/60 36.8 (28.5) 36/60 586 {30.8} 41165 61.2 (31.0Y
cw 42760 337 (33.0) 41/60 57.7 (27.8) 4564 57.8 (28.9)
Sham 41/60 4349 (31.9} 38/60 844 (31.7) 39-63 64,0 (31.3)

CW=conlinuous wave; GSM=global system for mobile communication.

participants  reported  bascline symptoms  that might  have
masked any effects of exposure, il botls were excluded. Finally,
as we were able to deteat chunges in symptom severity over time
as highly significant, the sensitivity of our visual analoguc scales
and our statistical techniques do not seen to have had any shori-
comings.

A [Ihatsymprom severity did incréase dunngi cxposurc bERGITS
cstmg These symptoms were not lﬂl‘)’l{@uﬂdﬂ-d me thcy

wc : 50 severe that exposurdcs had (o

g sl.oppcd ém)r'dlc p.xr-
liciparits withdrew front the studyl T he cenfidence that sensitive
participants had in their ability to discriminaté active from sham
signals also suggesis that they experienced reacitons similar to
thase encountered in real Jife, a finding also reported in previous
provocation studics.” That apparently realisticisymptoms can be
induced in provocation experiments, despite no - dilferences
heing obscrved between active and sham canditions, suggests
that the acute symptoms reported by sensitive people
cvaryday life may e the result of a nocebo phenomenon. Such
phenomena have previausly been observed in relation 1o a wide
range of stimuli,'” including headaches induced by providing
misleading information about the presence of elecurical fields.'
The mechanisims governing noceho cffects need further study
but seem 1o include conscious expectation of symptoms and the
presence of negative affeet,” ' factors that are likely 1o be present
whenever peaple who perceive thamselves 10 he sensitive (0
maobile phones have to make use of the technology.

In terus of their einical implications, these results do not
suggest that attempting 10 reduce exposure to mobile phone sig-
nals will be i uselul strategy for paiients who report sensitivity to
them. Although such interventions might he actively sought hy
patients and may even produce a short ierm veduction in symp-
toms mediated by a placebo effeet,™ in the longer (erm a danger

exists that they will reinforce a patient's view of himself or hersell

as being sensitive to electromagnetic fields and pul him or her at
risk of developing svmptoms assoctated with other elecurical
stimuli. Instead, it may be better 16 encourage such paticnts 10
test aliernative non-electromagnetic fiekd related explanations
for heir symptoms by using principles derived {rom cognitive
hehavioural therapy.”
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Non-specific symptoms such as headaches, tingling
sensations, and fatigue are sometintes attributed to mobile
phone use

No generally aceepted mechanisms exist that might explain
how 1nohile phone signals could cause such cflects

A minarity of people also report being particularly sensitive
to mohile phones, experiencing syniptoms almost every
time they use one

[ W Ghdrpas - - T

“The signals produced by 900 Mt 1z GSM mobile pliones do
not cause greater subjective symptoins than sham
exposures in which no signal is present, even in people who
report sensitivity to mobhile phones

‘The symploms reported by “sensidve” people may be the
result of a nocebo effect and may be primarily
psychological in origin
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Review

Idiopathic Environmental Intolerance Attributed
to Electromagnetic Fields
(Formerly ‘Electromagnetic Hypersensitivity’):
An Updated Systematic Review of
Provocation Studies

G. James Rubin,* Rosa Nieto-Hernandez, and Simon Wessely

King's College London, Institute of Psychiatry, Department of Psychological Medicine,
London, UK

Idiopathic Environmental Intolerance attributed to electromagnetic fields (IEI-EMF; formerly
‘electromagetic hypersensitivily’) is a medically unexplained illness in which subjective symptoms
are reported following exposure to electrical devices. Inan carlier systematic review, we reported data
from 31 blind provocation studies which had exposed IEI-EMF volunteers to active or sham
electromagnetic fields and assessed whether volunteers could detect these ficlds or whether they
reported worse symptoins when exposed to then. In this article, we report an update to that review. An
extensive literature scarch:identified 15 new experiments. Including studies reported in our earlier
revicw, 46 blind or double-blind provocation studies in all, involving 1175 IEI-EMF volunteers, have
tested whether exposure to electromagnetic fields is responsible for triggering symptoms in IEI-EMF.
No robust evidence could be found to support this theory. However, the studies included in the review
did support the role of the nocebo effect in triggering acute symptoms in IEI-EMF sufferers. Despite
the conviction of IEI-EMF suffcrers that their symptoms are triggered by exposure to clectromagnetic
fields, repeated experiments have been uwnable to replicate this phenomenon under controlled
conditions. A narrow focus by clinicians or policy makers on bioclectromagnetic mechanisms is
therefore, unlikely 10 help [EI-EMF patients in the long-term.  Bioelectromagnetics 31:1-11,
2010.  © 2009 Wiley-Lis», Inc!

Key words: environmental illness; electromagnetic ficlds; somatoform disorders; environ-
mental exposure; cellular phone

INTRODUCTION

In recent years, many parts of the world have
witnessed social and political controversies surround-
ing the introduction of new electrical technologies,
particularly technologies which involve the trans-
mission of digital radiofrequency fields. Despite the
lack of any clear-cut evidence demonstrating that these
technologies have adverse health effects and the lack of
any generally accepted mechanism through which these
effects could occur {Scientific Committee on Emerging
and Newly Identified Health Risks, 2009], innumerable
media stories about the potential effects of mobile
phones, mobile phone base stations, wireless computer
systems, digital baby monitors and the like. have left the

ing the appropriate use of these technologies [Barnett
et al., 2008].
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public feeling uncertain and anxious.. This anxiety has
been further exacerbated by the precautionary advice
given out by some governmental organisations concern-
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Both media stories and the continuing provision of
precautionary advice have been partially driven by the
existence of people who claim to have detected a clear
link between their own poor health and exposure to a
specific electrical device [Burgess, 2004; Goldacre,
2007; Stewart, 2008]. Their condition, often described
as either ‘electromagnetic hypersensitivity’ or ‘electro-
sensitivity’, manifests itself as the occurrence of
subjective symptoms which the individual attributes
to the presence of man-made clectromagnetic fields.
This condition can have major implications for a
person’s quality of life and is associated with decre-
ments in general health status, increased levels of
distress, increased levels of health service use, and
impairments in occupational and social functioning
IRoosli et al., 2004; Carlsson et al., 2005; Rubin et al.,
2007]. The condition is also notable for its hctero-
geneity: no consistent pattern has been detected in the
type of symptoms reported by sufferers [Hillert et al.,
2002; Levallois et al., 2002; Roosli et al., 2004], the
speed in which these symptoms develop following
exposure [Roosli ct al., 2004] or the types of electro-
magnetic exposure which apparently trigger the symp-
toms [Roosli et al., 2004]. Even the prevalence of the
condition is heterogenous: while some areas such as
California and Sweden have prevalence rates of 3.2%
and 1.5%, respectively [Hillert et al., 2002; Levallois
et al., 2002|, over 10% of Germans attribute adverse
health effects to mobile phone base stations |Blettner
ct al., 2009] while other countrics, such as Iran,
apparently have few, if any, sufferers [Mortazavi
et al., 2007].

The aetiology of ‘electromagnetic  hyper-
sensitivity” is controversial. While most patients and
some scientists belicve that the condition is caused by
an as yet unrecognised ‘bioclectromagnetic’ mecha-
nism, most mainstream medical bodies maintain that
there is not sufficient evidence to support this theory and
that the symptoms experienced by sufferers are
unrclated to the presence of clectromagnetic fields.
Indeed, a working group ot the World Health Organ-
isation has recommended that the use of terms like
‘electromagnetic hypersensitivity’ should be discon-
tinued in favour of the more actiologically neutral
phrase “idiopathic environmental intolerance attributed
to electromagnetic fields (IEI-EMF)’ [Hillert et al.,
2006]. Resolving this actiological debate is an impor-
tant task, not Jeast because these two opposing theories
have different implications in terms of identifying the
most appropriate treatment [Rubin et al., 2006a].

One powerful technique for testing the roie of
electromagnetic fields in triggering IEI-EMF symp-
toms is the double-blind experimental provocation
study. in which volunteers are exposed to active and

Bioelectromagnetics

sham electromagnetic fields under controlled condi-
tions. In 2005, we reported a systematic review of all
provocation studies for IEI-EMF published up to
January 2004 [Rubin et al., 2005}]. Of the 31 studies
located, only 7 reported any significant effect of
exposure on symptom severity. Of these, threc had
important shortcomings in their statistical methods,
two could not be subsequently replicated by the same
research teams and the final two produced contradictory
results. Our conclusion was that ‘we have therefore
been unable to find any robust evidence to support the
existence of (electromagnetic hypersensitivity) as a
biologic entity.” In this article we report an update to that
review. Our goals remained to test whether people who
have IEI-EMF are better at detecting electromagnetic
fields under blind conditions than people without IEI-
EMF, and to test whether they respond to the presence of
weak electromagnetic fields with increased symptom
reporting.

METHODS

Search Strategy for the Identification of
New Studies

We searched the following eclectronic databases
for articles that included 1EI-EMF-related keywords
(e.g., ‘electrosensitivity’, ‘environmental intolerance’,
‘electrosmog’): AMED, Embase. Medline, Psychinfo,
Scopus, Web of Knowledge, the WHO EMF research
database, the EMF-Portal database, WorldCatDisserta-
tions. and the Networked Digital Library of Theses and
Dissertations. Four databases (AMED, Embase, Med-
line and Psychinfo) were also searched for articles
which included combinations of stimulus and symptom
keywords (e.g., ‘mobile phone’ and ‘headache’). In
addition, citation analyses were conducted for two
review articles published on this topic in 2005 [Rubin
et al., 2005; Seitz et al., 2005]; the journal Bioelec-
tromagnetics was hand-scarched and also conference
proceedings from the Bioclectromagnetics Society:
and the reference sections of the included articles
were examined. All sources were checked for articles
published between January 2004 and November 2008.
Articles were initially screened by checking their titles
and abstracts online. The full texts of any that appeared
relevant were then obtained for a more detailed review.

Inclusion Criteria

The same inclusion criteria used in our original
review were applied [Rubin et al., 2005]. In brief,
studies were included only if they: tested a discrete
sample of participants who reported experiencing
subjective symptoms which they associated with



common electrical devices: experimentally exposed
those participants to at least two conditions involving
different levels of electromagnetic fields; performed
this exposure blind or double-blind; and either assessed
levels of subjective symptoms following each exposure
or assessed participants’ abilities to discriminate
between the experimental conditions. Studies that
tested only ‘healthy’ participants who did not report
[EI-EMF were excluded from the review.

Data Extraction

For each study we extracted data on the number
of participants, type of exposures and results for any
statistical tests, based on symptom severity or ability
to discriminate between conditions. As [EI-EMF is
defined solely in terms of an apparent relationship
between subjective symptoms and clectromagnetic
ficlds, we did not extract data about any outcomes
which were not directly related to self-reported
symptoms or the ability to perceive electromagneltic
fields. For example, we did not extract data concerning
EEG measurcments, blood chemistry results or objec-
tively measured cognitive function.

Review Process

The initial search for articles was conducted by
GJR. The application of the inclusion criteria and
data extraction were conducted independently by
GJR and RNH with any disparities resolved through
discussion.

RESULTS

Search Results

In total, the searches retrieved 2093 citations,
Of these, 77 articles appeared potentially relevant to
the review and were examined in full. Sixteen articles
detailing 17 cxperiments involving 487 IEI-EMF
participants were included in the update. One of these,
David et al. [2006], was a report about an experiment
that was included in our previous review article
IReissenweber et al., 2000]. This new article was,
nevertheless, included in the update because it
described the results from a larger sample of IEI-EMF
participants than had been previously reported. Taking
this overlap into account and combining the updatc with
our earlier review identified a total of 46 provocation
studies for IEI-EMF that tested 1175 participants with
the condition.

Of the 16 experiments included in the update.
seven involved exposure to a signal designed to emulate
amobile phone handset [Wilenetal., 2006; Rubinet al.,

Electromagnetic Hypersensitivity 3

2006b; Oftedal et al., 2007; Bamiou et al., 2008; Hillert
ct al., 2008; Kim et al., 2008; Kwon ct al., 2008], four
tested the effects of exposure to mobile phone base
station-type signals [Regel et al., 2006; Eltiti et al,,
2007; Augner et al., 2009; Furubayashi et al., 2009},
four involved exposure to magnetic ficlds generated
using transcranial magnetic stimuli or other magnetic
coils |Frick et al., 2005; Wenzel et al., 2005; David
et al., 2006; Landgrebe et al., 2008b] and one assessed
the effects of installing a protective Faraday cage over
the beds of IEL-EMF suffercrs [Leitgeb et al., 2008].

Mobile Phone Handset Experiments

{Table 1 shows the results for the” mobile phone
handset-related cxpenmenls No significant effect of
[
exposure was s reported in five of these studies [Wllen
ct al., 2006; Rubin et al., 20060 _ Oftedal et al., 2007;
Bamlou etal,, 20087 Kwon et al,, 2008): In one study. a
significant incrcase in headache severity was detected
after 23/3 h exposure [Hillert et al., 2008], however this
effect was atiributable to an increase in the healthy
control group rather than the IEI-EMF group [Hillert
etal., 2008]. This same study also reported a significant
increase in heat sensations at the ear in both groups
following exposure. However, this effect was observed
only in one of the three techniques used for scoring
heat scnsations and the authors reported that the
result may, therefore, have been a chance finding
[Hillert et al., 2008]. In another study, significant
differences between the IEI-EMF and control groups
in the ability of participants to differentiate between
conditions, was noted [Kim et al., 2008]. However,
this effect mainly reflected the greater tendency of
IEI-EMF participants to reply ‘yes’ when asked the
prompt question ‘do you feel EMF?’ Despite this,
the accuracy of 1EI-EMF participants in detecting the
genuine EMF exposure in this study was only 42.2%,
less than the 50% rate that would be expected by chance
alone.

Mobile Phone Base Station Experiments

The resuits for the mobilec phone base station
experiments are shown in Table 2. In one study,
participants randomised to receive higher levels of
exposure reported significantly higher levels of ‘calm-
ness’ than those who received lower levels of exposure
[Augner et al.. 2009]. Howcver, this effect was
identified only when both the control and IEI-EMF
groups were combined together and was no longer
observed once the authors corrected for the number of
endpoints tested [ Augner et al., 2009]. In another study,
exposure to UMTS (3G) signals was found (o be
significantly associated with higher levels of agitation

Bioelectromagnetics
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TABLE 1. Provocation Studies Using Mobile Phone Handset-Related Exposures

v

Total number of correct discriminations

‘e 1o uigny

Type of sclf-report symptoms meusured
und comparison between active and

Active Number between active and sham (number of inactive conditions (results al)
Refs Sample stimulus of exposures participants successfully diseriminating) P >0.05 unless indicated)
Bamiou 9 IEI-EMF. GSM handset Six 30 min exposures: For both groups combined: 77/180 (43%). None
et al. 21 controls exposure two GSM. two CW, There was no significant difference in
[2008] (882 MHz). and and two sham mean number of correct guesses between
a carrier wave 1IEI-EMF and contrals (IEI-EMF:
(CW) signal 0/9. Control: 0/21)
Hillert 38 IEI-EMF, GSM hundset Two exposures: [EI-EMF: 26/75 (35%) (2/37). Headache {control group: more headache
et ul. 33 controls cxposure one GSM. one sham control: 21/62 {(34%) (5/31) in the uctive condition. P < 0.03), fatigue,
12008] (884 MH2z) nausea, vertigo, difficulty concentrating,

Kim et al.
[20081

Kwon
ct al,
[2008]

Oftedal
et al.
[2007]

Rubin
ot al.

|2006b]

Wilen et al.
{2006]

18 IEI-EMF.
19 controls

6 IEI-EMF,
7R controls

17 I[EI-EMF

69 IEI-EMF.

60 controls

20 IEI-EMF,
20 controls

CDMA hundset
(R3S MH?2)

GSM handset
exposure
(902 MHz)

GSM handset
exposure
(902.4 MH7)

GSM handset
exposure
(900 MHz) and
a CW signal
GSM handset
exposure
(900 MHz)

Two 30 min
exposures: one
CDMA and one sham

Minimum of 600 trials
per participant of
active or sham
stimulus. Each
condition lasted for Ss

Up to eight 30 min
trials per participant
(four active and four
sham for most
participants)

Three 50 min
eXposures per
participant: one GSM.
one CW and one sham

Two 30 min
exposures: one
GSM and one sham

IEI-EMF: accuracy for exposure =42%.
accuracy for non-exposure = 74%.
Contrul: uccuracy for exposure = 3%,
accuracy for non-exposure = 95%.
Significant differences (P < 0.01)
between groups tor both exposure types

Mean correct response rate for [EI-EMF (n =6,
100 *on/off” trials) =47% and for most
controls (n=76. 100 "on/off” trials)=51%
(After retesting three participants:
IEI-EMF 0/6, contro! (/78)

1EI-EMF: 52/129 (40%)

IEI-EMF: | 1(/192 (57%), controls;
96/180 (53%)

Not reported

feeling low-spirited, vision problems, dermal
complaints, stress. ear heat (higher scores
for both groups in active condition (P < 0.05)),
car pain, other

Redness, itching, throbbing, burning, fatigue,
headache. dizziness. nausea, palpitation,
indigestion

None

Headache, “any other symptoms’
affecting the bead

Headaches: nausea: fatigue: dizziness:
skin itching. tingling or stinging: warmth
or burning on skin: eye pain or dryness:
‘severe reaction’

Whether the participant reported any
symptoms during or after the experiment

GSM. General System for Mobile Communication: 1ET-EMF, Tdiopathic Environmental Intolerance with attribution to Electromagnetic Fields.
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TABLE 2. Provocation Studics Using Mobile Phone Basce Station-Related Exposures

Refs

Sample

Active
stimulus

Number
of exposures

Total number of correct
discriminations between
active and sham (number of
participants successiully
discriminating)

Type of selt-report symptoms
measured and comparison between
active and inactive conditions
(results ull 7> 0.05 unless indicated)

Augner et al,
[2009]

Eltiti et al,
[2007]

Furubayashi
et al. [2009]

Regel et al.
[2006]

R IEI-EMF,
49 controls

44 IEI-EMF,
114 controls

11 IEI-EMF.
43 controls

33 [EI-EMF.
84 controls

Predominuntlv GSM base
station exposure (900 MHz).
with three intensities: ‘low’,
‘mediwm’ or “high

GSM (combined 900 and
1800) and UMTS base station
exposure

Contintous exposure 10
W-CDMA base station
exposure (2.14 GHz). and
intermittent exposure with
EMF randomly turned on
and off every Smin

UMTS base station
exposure of 10V/m
or 1 Vim

Five 50 min exposures,
separated by S min breaks

Three 50 min exposures:
one to GSM, one to UMTS
and one 1o sham. Plus three
5 min exposures. one 1o
each condition

Four 30 min sessions,
consisting of the two
active exposures, 2 sham
exposure. and a sham
exposure with noise
as a stressor

Three 45 min exposures,
one each to strong. weak
or sham exposure

Not reported

{EI-EMF: 73/132 (55.2%, S min

exposures} and 79/132 (59.8%,
50 min exposures). Controls:
176/342 (51.4%. 5 min exposures)
and 1717342 (50.1%. S0 min
exposures) (TEI-EMF: 2/44.
Controt 5/114)

During the intermittent exposure

condition: [EI-EMF: 34/66
(52%). Controls: 126/258 (49%)

Mean perceived field strength,

rated on a 0~ 100 scale, showed
no significant association with
actual field strength. IEI-EMF:
17/31 (55%}. controls 22/57 (47%)

Good mood, alertness and calmness.

*No exposure/hypersensitivity-interaction
was detected’.

With TIEI-EMF and control participants
combined. participants rundomised into
groups which reecived one “high' and one
‘medium’ exposure (in different orders,
=22 and 26) had significantly higher
calmness than participants who received
low levels of exposure (n=9, P=0.04.
and P=0.03)

Anxiety. tension, agitation (IEI-EMF:
UMTS vs. sham P < 0.0025), relaxation,
discomfort, tiredness, plus overall
symptom severity and occurrence for
a list of 57 symptoms

Tension, depression, anger. vigour,
fatigue, confusion. discomfort

Tenseness, apprehension, worry. anxiety,
being skeptical. unease. anxiety, somatic
symptoms, inadequacy. depression,
hostility

GSM. General System for Moebile Communication: {EI-EMF., Idiopathic Environmental Intolerance with attribution te Electromagnetic Fields; UMTS, Universal Mobile Telecommunications System.
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in the IEI-EMF group [Eltiti et al., 2007]. However,
further analyses controlling for the order in which the
active and sham exposures were presented suggested
that this effect was an artefact “most likely due to a
higher proportion of sensitive individuals receiving the
UMTS signal first” [Eltiti et al., 2007], although this
interpretation has been the subject of some debate
[Eltiti et al., 2008; Roosli and Huss, 2008]. The other
two studies in this category reported no significant
effect of exposure [Regel ct al.,, 2006; Furubayashi
et al., 2009).

Magnetic Field Experiments

Of the four studies using magnetic ficld cxposures
(Table 3) [Frick et al., 2005; Wenzel et al., 2005; David
et al., 2006; Landgrebe et al., 2008b], two reported
significant diffcrences between IEI-EMF participants
and control participants [Frick et al., 2005; Landgrebe
ct al., 2008b]. In both cascs, however, thesc differences
reflected a reduced ability of IEI-EMI? participants to
discriminate between genuine and sham stimulation,
resulting from an increased tendency of IEI-EMF

TABLE 3. Provocation Studies Using Magnetic Ficld Exposures

participants to report physical sensations during the
sham exposures.

Other Experiments

In one final study (Table 4), 43 IEI-EMF parti-
cipants spent three nights at home sleeping under
protective netting designed to shield them from electro-
magnetic fields, three nights under sham netting and
three nights under no netting [Leitgeb ct al., 2008].
Three participants experienced significant benefits in
terms of subjective sleep quality from the genuine
netting, in comparison to the other two conditions.
However, subsequent checks of monitoring equipment
instailed inside the netting revealed *suspicious” changes
in electromagnetic ficld levels during the evenings for
each of these volunteers. The authors concluded that
the participants may have been checking whether
the netting was genuine or sham and advised that ‘these
faking volunteers could not be considered as evidence
for anything, in particular not for causal etfects of
(radiofrequency field) immissions {sic) on sleep’
[Leitgeb ct al., 2008].

Type of self-report
symptoms measured
and compitrison
between active and
inactive conditions

Total number of correct
discriminations between
active and sham

Active Number {number of participants {results all > 0.08
Ret Sample stimulus of exposures successfully discriminating) unless indicated)
Frick et al. 30 IEI-EMF. Transcranial Four series of 19 tests per No significant differences None
{2005] 27 controls: magnetic pulses participant, ‘o series between the groups in
high symptoms, to the dorsotateral involved increasing output detection thresholds (or the
28 conrals: prefrontal cortex capacity of 1he ngnetic genuine magnetic coil.
low symptams of increasing coil. with 3% increments, IEI-EMF puasticipants had
magnitude rising trom 0% w 57% ‘significantly” worse ability
of 1.8 T. A sham coil with 1o discriminate magnetic
no output was applied for from sham coils compared to
the other two series the high symptom load
control group
Landgrebe 88 IEI-EMF, Transcranial Four series of [9 tests per No signiticant differences None
et al. 107 controls magnetic puises participant. Two series between the groups in
|2008b] to the dorsolateral with increasing magnetic detection thresholds for
prefrontal cortex coil output, with 3% the genuine magnetic coil.
of increasing increments, from 0% to [EI-EMF participants had
magnitude 57% ol 1.8 T. A sham coil warse ability to discriminate
with no output was appliced magnetic from sham coils
for the other 1wo series compared to the control
group (P =0.01)
Davidetal.  *‘More than’ 50 Hz magnetic Twenty 2 niin exposures *The rating of field situation None
12006] 50 1EI-EMF, flux densities per participant: 10 of the by (IEI-EMF) during
similar number of 10T active condition, 10 of a exposure in weak fields
of controls sham condition did not differ from healthy
contrals’
Wenzel JIEI-EMF, ‘Total body Ten 5 min exposures. five Not reported Any sensations
et al. 7 controls expuosure 10 of the active condition and experienced during
[2005) 5013z magnetic five of a sham condition the experiment

flux of 96 mT

IEI-EME, Idiopathic Environmental Intolerance with attribution to Electromagnetic Fields.
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TABLE 4. Other Provocation Studies
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Total number of correct
discriminations between
active and sham (number

Type of self-repont symptonis
measured and comparison between

Aclive Number of participants successtully active and inactive conditions
Refs Sample stimulus of exposures discriminating) (results all /> 0.05 unless indicated)
Letgeh 43 {L-EME A Faraday Nine nights of Not assessed Sleep quality, awakening quality, sleep
etul. cage ol clectric sleep: three ctiiciency, overall sleep score.
{2008)] conductive were under Three participants showed results indicating
material the genuine significant (£ < 0.05) improvements

mounted around
the participant’s
own bed
at home

protective
material. three
under sham
material, and
three under
no material

in Lotal sleep score in the genuine
protective condition compared to the other
two conditions, as well as signiticant
improvements in skeep quality (n= 1),
awakening quality (n= 1} or slecp
efficiency (1 = | ). However, suhsequent
checks revealed that all three participants
appeared to have unblinded the study

IEI-EME. Idiopathic Environmental Tntolerance with attribution w Electromagnetic Fields.

DISCUSSION

Current Evidence

In our original review of 31 provocation studies
for IEI-EMF, we reported being ‘unable to find any
robust evidence to support the existence of (electro-
magnetic hypersensitivity) as a biologic entity’ [Rubin
et al., 2005]. Five years and 15 experiments later, this
update has failed to uncover any evidence which
challenges that conclusion. While seven studies did
report some cffects of exposure on IEI-EMF partic-
ipants, without exception thesc effects had either
methodological explanations, be it a type 1 error due
to multiple testing |Hillert et al., 2008; Augner et al.,
2009], an effect caused by the order of exposure [Eltiti
et al.. 2007] an unblinding of the study by the
participants [Leitgeb et al., 2008], or they reflected an
increased tendency of IEI-EMF participants to claim to
have detected the presence of EMF. regardless of the
accuracy of these claims [Frick et al., 2005; Kim et al.,
2008; Landgrebe et al., 2008b]. At,the same time,
several studies included in this update contradicted two
of the ‘positive’ studies identified in our original review
[Mueller et al., 2000; Zwamborn ct al., 2003]. In onc of
these, the original study reported a significant effect of
mobile phone base station exposure on self-reported
symptoms in IEI-EMF participants and in healthy
control participants [Zwamborm et al., 2003]. Two
studics included in this update consisted of explicit
attempts to replicate these findings; neither was able to
do so [Regel et al., 2006; Eluti et al., 2007], although
questions have been raised about the adequacy of the
statistical analysis in one of these replication attempts
[Roosh and Huss 2008; Eliiu et al., 2008]. In the other
study, our original review showed that night-time

exposure to higher levels of electromagnetic fields
resulted in significantly higher levels of pleasure and
arousal upon awakening [Mucller et al., 2000]. How-
ever, a subsequent study failed to identify any effect of
altering field levels on subjective sleep parameters
|Leitgeb et al., 2008]. The evidence that IEI-EMF
symptoms are related to exposure to electromagnetic
fields is, therefore, now weaker than it was al the time of
our original review.

This conclusion is in agreement with most other
reviews of this arca [Scitz et al., 2005; Hillert ¢t al..
2006; Roosli, 2008; SCENIHR, 2009], with one notable
cxception: the ‘Bioinitiative Report’ [Carpenter and
Sage, 2007]. Subsection seven of section nine in this
report dealt with *human subjective effects’ of exposure
to mobile phone signals and stated that ‘nonce of these
effects has been studied under controlled laboratory
conditions. Thus, whether they are causally rclated to
(mobile phone) exposure is unknown’. Given that seven
relevant studies were reported in our original review
[Rubin et al., 2005], 12 turther studies werc identified in
this update (Tables 1,2 and 4) and at least six additional
provocation studies involving only healthy volunteers
have also been reported [Roosli, 2008], we are unable to
explain how this conclusion was reached.

While this update has provided no support for the
theory that bioelectromagnetic mechanisms are respon-
sible for IEI-EMF, additional support was found for
the theory that psychological factors have an important
role in triggering, maintaining or exacerbating IEI-
EMF symptoms [Rubin et al., 2007]. In particular,
although no specific effects of active exposure were
found in the studies that we identified. many studies
noted that both active and sham conditions were equally
effective in triggering symptoms [Wenzel et al., 2005;

Bioelectromagnetics
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Wilenet al., 2006; Rubin et al., 2006b; Eltiti et al., 2007;
Oftedal et al., 2007; Hillert et al., 2008: Leitgeb ct al.,
2008, Furubayashi et al., 2009]). Given that sham
exposures appear sufficient to trigger the symptoms
reported by IEI-EMF participants in the laboratory, it
seems likely that similar ‘nocebo’ effects may also
account for many of the acuie symptoms that they
experience in everyday life. This mechanism would
predict that conscious expectation of symptoms follow-
ing perceived cxposurc to clectrical devices results
in the formation or detection of symptoms, while
heightened vigilance for possible indicators of exposure
leads to a higher frequency of such effects occurring
[Frick et al., 2005; Landgrebe et al., 2008b]. In support
of this, one study not included in this review has
demonstrated that triggering symptom expectations by
deceiving IEI-EMF participants into thinking that they
are being exposed to a mobile phone signal does indeed
result in symptom formation, accompanied by activa-
tion of brain regions previously shown Lo be involved in
pain perception [Landgrebe et al., 2008a].

Quality of the Current Evidence

Provocation studies lor any variant of TET can be
difficult to conduct {Das Munshi et al., 2007). [From a
prdgmatlc point of view, recruiting sufficicnt numbcrs
of participants is often the hardest challenge, explaining

hy many of the studies we reviewed have been
relativ 1illlﬂ(n_1€l(1m‘n_ﬂugb"e_:r of IEI-EMF pach
1pdnl —12) However, while it is possible that reduced
statistical'power resulting from low sample sizes may
have restricted the ability of individual studies to
identify a genuine effect of exposure, the consistency
in which this finding has bcen reported throughout
the literature suggests that this is not the reason for the
overall failure of provocation studies to support the
bioelectromagnetic theory of IEI-EMEF. This conclusion
is also supported by results of a recent meta-analysis
which pooled together outcomes trom five mobile
phone-related studies (combined n= 180), and still
failed to identify any significant effect of exposure
[Roosli, 2008]. Nonetheless, we would reccommend that
researchers, and their funding bodies, ensure that future
studies are allowed sufficient time and money to recruit
enough participants to meet the study objectives:
additional small-scale or pilot studies are unlikely to
substantially advance this literature,

As well as allowing more time for recruitment,
two other ways to increase sample sizes ave to advertise
widely for participants (e.g., through newspaper
articles, approaches to support groups or via referrals
from clinicians) and to adopt broader inclusion crileria
allowing sufferers with differing subjective experiences
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or levels of impairment to take part. Both of these
approaches have been used in several of the studies
included in this review [Rubin et al., 2006b] and both
have been criticised for increasing the heterogeneity of
a study’s sample [Schrottner et al., 2007, Hillert et al.,
2008]. Is it helpful, for examplc to include participants
who describe numerous symptoms associated with
multiple electrical and chemical stimuli along with
participants whose sole concern is that they experience
headaches when using their mobile phone? In practice,
however, several recent studies have deliberately
used homogenous samples of participants who reported
sensitivity to mobile phones alone: these too have failed
to identify any robust cffect of exposure [c.g. Wilen
et al., 2006; Oftedal et al., 2007; Hillert et al., 2008].

A slightly more complex homogeneity issue
concerns whether only a small subset of those who
report IEI-EMF regardless of its severity, arc actually
sensitive to electromagnetic fields while the majority
suffer from unrelated conditions and/or nocebo reac-
tions. If true, this would adversely affect the ability of
studies which rely on group means or overall response
frequencies to test the bioelectromagnetic theory of IEI-
EMF. It should be noted, however, that 21 studies used
designs in which individual participants were repeat-
edly exposed to sham or active stimuli and reported data
cnabling the identification of individuals who werc
reliably able to discriminate one form of exposure from
the other. These include three studies reported in this
update that involved 6—600 exposures per participant
|Eltiti et al., 2007; Bamiou et al., 2008; Kwon et al.,
2008] and 8 studics reported in our original review
[Rubin et al., 2005]. Of the 378 participants tested in
this way, only 11 (2.9%) appeared able to make this
distinction. with a similar proportion of healthy control
participants also falling into this category (7 out of 292
(2.49)). While diflcrences between the studies in lerms
of the number of tests used and the statistical criteria
cmployed for identifying someone as ‘reliably able to
discriminate’ make it difficult to perform any meta-
analysis, it seems likely that these figures are no higher
than might be expected by chance. Of particular interest
is one study in which participants were exposed to
EMF or sham conditions up to scveral hundred times
each [Kwon et al.,, 2008]. Although this study did
identify two healthy control participants who achieved
remarkable success in onc round of 100 exposures,
identifying over 90% of them correctly, neither
participant was subsequently able to replicate their
performance.

Aside from issues surrounding the recruitment
of participants, a second sct of concerns relates to the
ccological validity of provocation studies. This issue
encompasses uncertainty as to whether carefully



constructed chambers which screen out extraneous
electromagnetic fields increasc the chances of detecting

an effect of exposure or removes important (if

unknown) synergistic elements present in the environ-
ment; that attendance at a laboratory may cause
anxiety for participants which may affect their results
|Eltiti et al., 2007; Augner et al., 2009]; that exposure
produced using specially designed equipment as
opposed to, say, a genuine mobile phone, may miss
some important clement of cxposure that is cssential
for triggering symptoms [Ofledal et al., 2007]; that low-
level leakage from the equipment during sham
exposures may invalidate any comparison [Rubin
et al., 2006b]: that other environmental stimuli
encountered in the laboratory or on a participant’s
journey to the laboratory may themselves trigger
symptoms; and criticism that follow-up times in
laboratory experiments are insufficiently long to
capture a participant’s response. Although none of
these issues is entirely without foundation, the impor-
tance of them can be overstated. In particular, the use
by scveral studics of non-blind ‘practice’ sessions
involving the active exposure condition have explicitly
demonstrated that the artificiality of a laboratory setting
does not prevent participants from experiencing their
usual IEI symptoms {Rubin et al., 2005; Eltiti et al.,
2007, Oftedal ct al., 2007]. At the same time, the high
level of confidence reported by participants in their
ahility to detect which condition is which, in many
of these studics, also suggests that the participants
themselves believe these experiments to be a fair test of
their sensitivities [Rubin et al., 2005, 2006b]. Mean-
while, several studics have deliberately used a more
naturalistic setting without noting any robust effect of
cxposure [Rubin et al., 2005].

While the majority of people with [IEI-EMF report
that their symptoms usually occur within minutes to
hours after exposure, a minority of sufferers report a
lengthier onset, with an accumulation of exposure
over days or weeks scen as causing increased symptom
severity [Roosli et al., 2004]. While most provocation
studies have used short-term exposures to test the
former type of IEI-EMF, the more chronic form of
the condition remains underinvestigated. To date, three
double-blind experiments have used real or sham
shielding material to test whether reducing electro-
magnctic fields in a participant’s workplace or home for
periods between 3 days and 3 months is cffective in
reducing symptoms: these studies have not produced
any convincing evidence [or such an effect [Oftedal
et al., 1995, 1999; Leitgeb et al., 2008]. Although care
must be taken to ensure that the double-blinding of such
studies i1s not compromised by the understandable
inquisitiveness of some participants [Leitgeb et al.,
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2008]. additional research using this paradigm would
be of interest.

CONCLUSIONS

jTo date, 46 studies involving 1175 Volunteers with
IEI-EMF have tested whether exposure to electro-
magneuc fields can trigger the symptoms reported by/
thxs group. These studies have produced little ewdence
to suggest that this is the case or that mdwndua]s
with IEI-EMF are particularly adept at detecting the
presence of electromagnetic fields, On the other h.md
many of these studies have found evidence that the
nocebo effect is a sufficient explanation for the acute
symptoms reported in IEI-EMF. Thus while continued
experimental research in this area will be required to
clarify the role of chronic exposures and to test the
effects of new varieties of electromagnetic emissions,

o

the best evidence currently available suggests that TEI; Ku{%

EMF should not be viewed as a bloelectromagnenc
phenomenon{ Despite this, some commentators con-
tinue to discuss the condition without sufficient
reference to this literature [Carpenter and Sage, 2007,
Goldacre, 2007]. This is regrettable and suggests that
the scientific community should do more to communi-
cate the current state of the art in this area.

n the meantime, when faced” With ‘Someoné L/"

who describes subjective symptoms that are apparemly
dssoc1ated with exposure to an electrical device, 1t
would be wisc for clinicians and policy makers to bcgml
with the assumption that an alternative explanatlon for,
these symptoms may be present, either in the form of a
:convem;onal organic or psychiatric disorder, orin lermsI
|of the more subtle psychologlcal processes a%socnated
with the nocebo response! In the latter casc, treatment
based on cognitive behaviour therapy may be helpful
for some patients [Rubin et at., 2006a].
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Parachute use to prevent death anci major trauma related
to gravitational challenge: systematic review of

randomised controlled trials
Gordon C S Smith, Jill P Pelt

Abstract

Objectives To determine whether parachutes arc
cfleclive in preventing major trauma related o
graviltational challenge.

Design Systematic review of randomised conirolled
tials.

Data sources: Medline, Web of Science, Embase, and
the Cochrane Library dutabuses; appropriate internct
sites and citation lists,

Study selection: Studies showing the effects of mmg
a parachute during free fall.

Main ouicome measure Death or major tmuma,
defined as an injury scverity score > 15,

Results We were unable to identify any randoinised
controlled trials of parachute intervention.
Conclustons As with many interventions intended to
prevent ill health, the cffectivencss of parachutes has
not been subjected to rigorous evaluation by using
randomised controlled trials. Advocates of evidence
based medicine have criticised the adoption of
interventions evaluated by using only observational
data. We think that everyone might benefit if the most
radical protagonists of evidence based medicine
organised and participated in a double blind,
randomised, placebo controlled, crossover trial of the
parachute,

Introduction

The parachute is used in recreational, voluntary sector,
and military sellings to reduce the risk of orthopaedic,
head, and soft tssuc injury after gravitational
challenge, typically in the context of jumping from an
aircraft. The perception that parachules are a success-
ful intervention is based largely on anecdotal evidence,
Observational data have shown that their use is associ-
ated with morbidity and mortality, due to both failure
of the intervention' ? and iatrogenic complications.® In
addition, “natural history” studies of free fall indicate
that failure to take or deploy a parachute does not
inevitably result in an adverse outcoine.* We therefore
undertook a systematic review of randomised control-
led trials of parachutes.

Methods

Literature search
We conducted the review in accordance with the
QUOROM (quality of reporting of meta-analyses)
guidelines” We searched for rundomised controlled
trials of parachute use on Medline, Webh of Science,
Embase, the Cochrane Library, appropriate internet
sitcs, and citation lists, Scarch words cinployed were
“parachwte” and “tial” We imposed no language
restriction and included any studics that entailed
jumping from a height greater than 100 metres. The
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accepled intervention was a fabric device, secured by
strings o a harness worn by the participant and
released (cither automatically or manually) during free
fall with the purpose of limiting the rate of descent. We
exduded studies that had no control group.

Definition of outcomes

The major outcomes studied were death or major
trauma, defined as an injury severity score greater than
151

Moeta-analysis

Qur statistical apprach was to assess outcomes in para-
chute and control groups by odds ratios and quantified
the precision of estimates by 95% confidence intervals.
We chose the Mantel-Haenszef test to assess hetero-
geneity, and sensitivity and subgroup analyses and
fixed cffects weighted regression techniques to explore
causcs of heterogencity. We selected a funnel plot to
assess publication bias visually and Egger’s and Begg's
tests to test it quantitatively. Stata software, version 7.0,
was the tool for all statistical analyses.

Results

Our search strategy did not find any randomised
controlled trials of the parachute.

Discussion

Evidence based pride and observational prejudice

It is a truth universally acknowledged that a medical
intervention justified by obscrvational data must be in
want of verification through a randomised congrolled
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Parachutes reduce the risk of Injury after gravitational chaftenge, but thelr effecliveness has
not been proved with randomised controlled trials
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trial. Observational studies have been tainted by accu-
sations of data dredging, confounding, and bias” For
example, observational studies showed lower rates of
ischacmic heart disease among women using hormone
replacement therapy, and these data were interpreted
as advocating hormone replacement for healthy
women, woinen with cstablished ischacmic heart
disease, and women with risk factors for ischaenmic
heart discase® Flowever, randomised controlled trials
showed that hormone replacement therapy actually
increased the risk of ischaemic heart disease”
indicating that the apparent protective effects seen in
observational studies weve due to bias. Cases such as
this one show that medical interventions based solely
on obscrvational data should be carefully sarutinised,
aud the parachute is no exception.

Nutural history of gravitational challenge

The cffectiveness of an intervention has to be judged
relative to non-intervention. Understanding the nato-
ral history of free fall is therefore imperative. If failure
touse a parachute were associated with 100% mortality
then any survival associated with its use might be con-
sidered evidence of effectiveness. However, an adverse
outcome after free fall is by no means inevitable.
Survival has been reported after gravitation challenges
of mare than 10 000 metres (3% 000 feet).* In addition,
the use of parachutes is itself associated with morbidity
and monrtality.* ™ 'This is in part due to failure of the
intervention.  However, as  with  all  interventions,
parachutes are also associated with jatrogenic compli-
cations* Therefore, studies are required to calculate the
balance of risks and benefits of parachute use.

The parachute and the healthy cohort effect

One of the major weaknesses of observational data is
the possibility of bias, induding selection bias and
reporting bias, which can be obviated Jargely by using
randomiscd  controlied wials. The relevance to
parachutc usc is that individuals jumping from aircraft
without the help of a parachute are likely to have a
high prevalence of pre-existing psychiatric morbidity.
Individuals who use pavachules are likely to have less
psychiatric morbidity and inay also diller in key demo-
graphic factors, such as income and cigavette use. It
follows, therefore, that the apparent protective eftect of
parachutes may be merely an example of the “healthy
cohort” effect. Observational studices typically use mul-
tivarinte analytical approaches, using maxinnun likeli-
hood based modelling methods 10 wy w adjust
estimates of relative risk for these biases. Distasteful as
these statistical adjustments are for the cognoscenti of
evidence based medicine, no snch analyses exist for
assessing the presumed effects of the parachute.

The medicalisation of free fall

It is often said that doctors are interfering monsiers
obsessed with discase and power, who will not be satis-
fied until they control cvery aspect of our lives (fournal
of Social Science, pick a volwne). It might be argucd that
the pressure exerled on individuals to use parachutes
is yet another example of a natural, life enliancing
experience being turned into a situation of fear and
dependency. The widespread use of the parachute may

Jjustbe another example of doctors’ obsession with dis-

easc prevention and their misplaced belief in unproved

technology to provide effective protection agaiust
occasional adverse events.

Parachutes and the military industrial complex
However sinister doctors may be, there are powers at
large that are even wore cvil. The parachute industry
has earned billions of dollars for vast multinational
corporations whose profits depend on belief in the
cfficacy of their product. One would hardly expect
these vast comnercial concerns to have the bravery to
test their product in the sctting of a randomised
controlled trial. Moreover, industry sponsored trials
are morc likely to condude in favour of their commer-
cial product,' and it is uncicar whether the results of
such industry sponsored irials are reliable,

A call to (broken) armns

Only two options exist. The first is that we accept hag,
under exceptional circumstances, common sense
might be applied whicn considering the potential risks
and benefits of interventions. The second is that we
continue our guest for the holy grail of exclusively
evidence hased interventions and preclude parachute
usc outside the context of a properly conducted trial.
The dependency we have created in our population
may make recruitment of the unenlightened passcs to
such a irial difficult. If so, we feel assurcd that those
who advocate evidence based medicine and criticise
use of interventions that lack an evidence basc will not
hesitate to demonstrate their commitment by volun-
leering for a double blind, randomised, placebo
controlled, crossover trial.

Contributors: GCSS had the eriginal idea, JPP tried 1o 1alk him
outofit JPP did the liest literature search but GCSS lost it. GCSS
drafted the manuscript but JPP deleted all the best jokes. GCSS
is the guarantor, and JET says it serves him right.
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Medicine in Egypt at the time of Napoleon Bonaparte

Thomas G Russell, Terence M Russell

The scientists and doctors who accompanied Napoleon to Egypt in 1798 undertook a survey that is
one of the great intellectual achievements of the 19th century. It left a record of the'health and

wellbeing of the people, especialy in Cairo

In 1798 Napoleon Bonaparte conquered Egypt with
an army of 55 000 men. With his army was a' pacty of
300 men of science and letters whose objective was to
record the culture of Egypt. The result was an extensive
series of wuungs and engravings known as the Deserip-
tion de LEgypte.! Part of this great work was devoted to
recording the health and wellbeing of the people of
Egypt, as observed by Bonaparte’s surgeons and physi-
cians. In this article we draw attention to some of their
achievements.”

French men of medical science

The stientists were selected by Claude Louis
Berthollet, who studied medicine and served on
scientific committees during the French Revolution
{fig 1). He placed in charge of the aniny’s medical
core Dr René-Nicolas Desgenettes, who was the
expedition’s  chief medical officer. In  Egypt,
Desgencttes busied himsell with the welfare of the
French army and the wellbeing of the Egyptian
people. He also read papers (o the French Institute at
Caito on the causes of ophthalmia and infant
mortality. Remarkably, ie inoculated himself with pus
from a suppurating bubo to fortify himself against
bubonic plague. Desgenettes outiined ideas for a new
hospital, a pharmacy, and a school of medicine at
Cairo.

The celebrated French naturalist and anatomist
Gearges Léopold Cuvier was invited to participate, He
declined because he was about to start his serics of
studies of comparative anatomy, published in 1800 as
Legons d'anatomie comparée. In his place went one of the
most revered men of French medical science, Dr
Dominique-Jean Larrey. Bonaparte called him “the
most virtuous mnan [ have ever known” One of Larrey’s
contributions to military medicine was the ambulance
volante (flying ambulance) that enabled wounded men
to be transported from the scene of conflict (tig 2). Lar-
rey published his Egyptian medical researches as
Mémoires et Observations sur plusieurs Maladies. He was
later appointed doctor in surgery and medicine at Paris
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and was subsequently elevated to a peerage with the
titles Monsieur Le Baron and Chevalier de la Légion
d’Homeur.

Tribulations of the military

The French anny had to mnarch through the desert to
Cairo, The soldiers were maddencd by thirst, and their
torment was increased by the image of a lake—their
first experience of the illusion ofa mirage. On reaching
the Nile, the troops gorged themselves on water-
melons, which carried their own hazards; scores of
men became afflicted by waterborne bacteria and

Fig 1 Claude Louls Berthollet, the distingulshed surgeon and
chemist who was responsible for recrulting the men of sclence who
accompanied Napoleon Bonaparte on his Egyptian campaign. The
decoratlon in his lapel Is that of a Grand Officer of the Order of the
L.egion d'Honneur
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The history of the discovery of the cigarette—lung
cancer link: evidentiary traditions, corporate denial,

global toll

Robert N Proctor

ABSTRACT

Lung cancer was once, a very rare disease, so rare that
doctors taok special notice when confronted with a case,
thinking it a once-in-a-lifetime oddity. Mechanisation and
mass marketing towards the end of the 19th century
popularised the cigarette habit, however, causing

a global lung cancer epidemic. Cigarettes were
recognised as the cause of the epidemic in the 1940s
and 1950s, with the confluence of studies from
epidemiology, animal experiments, cellular pathology and
chemical analytics. Cigarette manufacturers disputed this
evidence, as part of an orchestrated conspiracy 10
salvage cigarette sales. Propagandising the public proved
successful, judging fram secret 1obacco industry
measurements of the impact of denialist propaganda. As
late as 1360 only one-third of all US doctors believed
that the case against cigarettes had been established.
The cigarette is the deadliest artefact in the histary of
human civilisation. Cigarettes cause about 1 ung cancer
death per 3 or 4 miliion smoked, which explains why the
scale of the epidemic is so large today. Cigarettes cause
about 1.5 million deaths from lung cancer per year,

a number that will rise to nearly 2 million per year by the
2020s or 2030s, even if cansumption rates decline in the
interim. Part of the ease of cigarelte manufacturing
stems from the ubiquity of high-speed cigarette making
machines, which crank out 20000 cigarettes per min.
Cigarette makers make about a penny in profit far every
cigarette sold, which means that the value of a life to
a cigarette maker is about US$10 000.

Lung cancer has become a formidable disease,
killing about 1.5 million people per year globally,
extrapolating from a 2008 International Agency for
Rescarch on Cancer (IARC) risk assessment.! The
tragedy is magnified by the fact that the over
whelming majority of these deaths, around 95%,
arc entirely preventable. Lung cancer today is
primarily caused by the inhalation of smoke from
cigarettes, which is also why the disease was quite
rare prior to the 20th century. Lung cancer was not
even recognised medically until the 18th century,
and as recently as 1900 only about 140 cases were
known in the published medical literature. The
malady must have been occasionally misdiagnosed
as tuberculosis (phthisis) or pneumonia or some
other lung malaise, but we also know from detailed
autopsy records in Germany that the disease
cannot have been very common. Findings of
primary fung tumours in the autopsied bodies of
German research clinics rose dramatically in the
second half of the 19th century, and even more
dramatically in the first decade of the 20th. Isaac
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Adler sumimarised this evidence ih 1912, in the
world's first monograph on lung cancer, noting that
the incidence of malignant neoplasms of the lung
seemed 1o show ‘a decided increase’. Adler
mentioned the ‘abuse of tobacco and alcohol as one
possible cause, while also commenting that the
subject was ‘not yet ready for final judgment’.?

Tobacco was apparently not even suspected as
a cause of lung tumours until the final decade of the
[9th century. In 1898, a medical student by the
name of Hermann Rottmann in Wiirzburg
proposed that tobacco dust-——not smoke—might be
causing the elevated incidence of lung tumours
among German tobacco workers. Rottmann's
mistake was not corrected until 1912, when Adler
proposed that smoking might be to blame for the
growing incidence of pulmonary tumours. Lung
cancer was still a very rare disease; so rare, in fact,
that medical professars when confronted with
a case sometimes told their students they might
never see another.” By the 1920s, however, surgeons
were cncountering the malady with increasing
frequency, and started puzzling over what might be
responsible. Smoking was commonly blamed, along
with asphalt dust from newly tarred roads, indus-
trdal air pollution and latent effects from exposure
to poison gas in the First World War or the global
influenza pandemic of 1918—1919. These and
a number of other theories were put forward as
possible explanations for the rise of lung cancer,
unti} evidence from multiple sources of enquiry
made it clear that tobacco was by far and away the
leading culprit.

CONVERGING LINES OF EVIDENCE

In the middle decades of the 20th century, four
distinct lines of evidence converged to establish
cigarctte smoking as the leading cause of lung
cancer. These are outlined below.

Population studies

These were among the first and most convincing
forms of evidence. Scholars started noting the
parallel rise in cigarette consumption and lung
cancer, and by the 1930s had begun to investigate
this relationship using the methods of case-control
epidemiology. Franz Hermann Miiller at Cologne
Hospital in 1939 published the first such study,
comparing 86 lung cancer ‘cases’ and a similar
number of cancer-free controls.* Miiller was able to
show that people with lung cancer were far more
likely than non-cancer controls to have smoked,
a fact confirmed by Eberhard Schairer and Eric
Schéniger at the University of Jena in an even more
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ambitious study from 1943° These German results were
subsequently verified and amplified by UK and American
scholars: in 1950 alone, five separate epidemiological studies
were published, including papers by Ernst Wynder and Evarts
Craham in the USA and Richard Doll and A Bradford Hill in
England. All confirmed this growing suspicion, that smokers of
cigarettes were far more likely to contract lung cancer than
non-smokers. Further confirmation came shortly thereafter from
a series of prospective ‘cohort’ studies, conducted to eliminate
the possibility of recall bias. The theory here was that by
following two separate and initially healthy groups over time,
one smoking and one non-smoking, matched by age, sex, occu-
pation and other relevant traits, you could find out whether
smoking was a factor in the genesis of lung disease. The results
were unequivocal: Doll and Hill in 1954 concluded that smokers
of 35 or more cigarettes per day increased their odds of dying
from lung cancer by a factor of 40.° Hammond and Horn,
working with the American Cancer Society on another large
cohort study, concluded that same year that the link had been
proven ‘beyond a reasonable doubt’.” ©

Animal experimentation

This was a second key line of evidence. ‘Tobacco juice’ had been
shown to cause cancer on laboratory animals since the first
decade of the century,” and a number of scholars had confirmed
these results. The most active in this realm was the intrepid
Angel H Roffo, founding director of Argentina’s Institute of
Experimental Medicine for the Study and Treatment of Cancer,
who in 1931 showed that smoke condensed from the destructive
distillation of tobacco could cause tumours when smeared on
the hairless skins of rabbits.'® Roffo in the 1930s and early 19405
published dozens of articles (mainly in German and Spanish)
implicating smoking in the genesis of cancer, prompting
enthusiastic endorsement from the German public health
establishment but also ridicule from the cigarette industry.
German tobacco manufacturers even established an entire
journal-—Clironica Nicotiana—and a scientific ‘academy’, the
Academia Nicotiana Internationalis, to buttress the fortunes of
tobacco, then under siege from public health activists.!!

In 1953, a great deal of attention was given to an experiment
by Ernst Wynder, Evarts Graham and Adele Croninger, showing
that tumours could be generated by painting cigarette smoke
tars onto the shaved backs of mice.”* Life magazine devoted
several pages to the story, and Tinte cited Graham’s conclusion
that the case against tobacco had now been proved ‘beyond any
doubt”.? Public confidence in tobacco was shaken, and stock
prices of American cigarette manufacturers plummeted. Tobacco
manufacturers saw this new ‘health scare’ as a mortal threat to
their livelihood, and decided to organise a response. On
December 14, 1953, at the Plaza Hotel in Manhattan, CEOs of
the six largest tobacco manufacturers in the USA (all but
Liggett) met to plan a response. The outcome was a far-reaching
plan to refute the accumulating evidence, using adverts, ‘white
papers’, press releases and corporate schmoozing with popular
science writers and journalists. Support for (industry-friendly)
science was a vital part of this enterprise: cigarette manufac-
turers called for ‘more research’ to resolve a purported ‘contro-
versy’, and set out ta reassure the public that the companics
were taking charge. That campaign was by and large a success,
judging from the fact that per capita consumption rebounded
from its dip in 1953. Cigarette consumption in the USA would
in fact continue to grow throughout the 1960s and 1970s,
peaking at about 630 billion sticks in 1982 before starting to
decline.

88

Cellular pathslogy

A third line of evidence for the cigarette—cancer link came from
cellular pathology. Pathologists in the 1930s had started noticing
the capacity of cigarette smoke to cause ciliastasis—the dead-
ening of the tiny whip or hair-like structures lining the upper
airway passages, structures known to be responsible for wafting
particulate contaminants out of the lungs."! Suspicions started
to grow that ciliastasis could cause cigarette smoke to become
trapped in the lungs, causing cancer. Pathologists also started
exploring whether damage from smoking could be discerned at
the level of the cell. Anderson C Hilding in 1956 confirmed that
smokers were experiencing pulmonary ciliastasis, but also that
cilia were being deadened at precisely those ‘Parts of the lung
where cancers were most likely to develop.'” Oscar Auerbach
about this same time showed (from autopsy studies) that
precancerous changes could be detected in the cells of smokers—
even in thase who had died from other causes.'®

Cancer-causing chemicals in cigarette smoke
A fourth line of evidence stemmed from the discovery of cancer-
causing chemicals in cigarette smoke. Tolycyclic aromatic
hydrocarbons had been identified as carcinogenic constituents of
coal tar in the 1930s, and the question then arose: might there
not be similar compounds in cigarctte smoke? Angel Roffo in
Argentina was the first to identify polycyclic aromatic hydro-
carbons in cigarette smoke from their distinctive spectrographic
signatures, and for a time at least his was the most authoritative
voice in this realm.'” Roffo's work was taken seriously even by
consultants working for the industry. In 1947, in an internal
report to the Lorillard company, makers of Old Gold cigarettes,
John B Fishel of Chio State University acknowledged the pres-
ence of ‘carcino§enic benzopyrene in tobacco tars’, citing Roffo
as an authority.'® Tobacco industry laboratories conducted their
own investigations: Brown and Williamson rescarchers identified
benzpyrene in cigarette smoke in 1932, and by the end of the
decade cigarette manufacturers had characterised several dozen
carcinogens in cigareite smoke, including arsenic, chromium,
nickel and a veritable zoo of polycyclic aromatic hydrocarbons
(chrysene, methylcholanthrene, dibenzanthracene, dibenzacri-
dene, etc). As Philip Morris rescarch director Helmut Wakeham
put it in 1961, carcinogens were found in ‘practically every class
of compounds in cigarette smoke’.' 2

The confluence of these diverse forms of evidence—from
epidemiology, animal experiments, clinical observation and
chemical analysis, combined with diminishing evidence for
alternative explanations, prompted health and medical authori-
ties throughout the world to publicly acknowledge a cigarette-
—cancer link. The American Cancer Society’s National Board of
Directors in 1954 announced ‘without dissent’ that ‘the pres-
ently available evidence indicates an association between
smoking, particularly cigarette smoking, and lung cancer’. The
Public Health Cancer Association that same year advised stop-
ping smoking as a way to prevent cancer, and cancer autheritics
in Norway, Sweden, Finland, Denmark and The Netherlands
came to similar conclusions. UK cancer authorities came on
board, as did the Joint Tuberculosis Society of Great Britain and
Canada's National Department of Health and Welfare.?' Scep-
tics were converted, and medical attention shifted from the
question of ‘whether’ to the question of ‘how’—and what to do
about it.

Researchers in the tobacco industry also became convinced of
a cigarette—cancer link—though this was never admitted
publicly. Claude Teague in his confidential 1953 ‘Survey of
Cancer Research’, written for upper management at R]
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Reynolds, malkers of Camel cigarettes, concluded that the
parallel rise in cigarette use and cancer had led to the suspicion
that tobacco was ‘an important etiologic factor in the induction
of primary cancer of the lung'. Teague observed that clinical data
were confirming the relationship, and concluded. that the large
body of animal experimental work ‘would seem to indicate the
presence of carcinogens'??

Teague was not the only tobacco insider conceding a hazard.
Harris Parmele, Lorillard’s dircctor of research, in 1946 had
commented privately on how ‘Certain scientists and medical
authorities have claimed for many years that the use of tobacco
contribules to cancer development in susceptibile people. Just
enough evidence has been presented to justify the possibility of
such a presumption’> The American Tobacco Company in the
summer of 1953 took the extraordinary step of sponsoring
a series of secret animal tests in the laboratories of the Ecusta
Paper Corporation, makers of much of the world’s cigarette
paper, with the goal of finding out whether it was the tobacca
leaf or the cigarette paper that was causing all this cancer. Their
conclusion, distributed only privately, was that tobacco—and
not the paper—was the culprit.”!

Tobacco industry insiders by the mid 1950s clearly knew their
product was dangerous. In December of 1953, when Hill and
Knowlton was exploring how to respond to the uproar
surrounding the publication of carcinogens in cigarette smoke,
one tobacco company research director commented in a confi-
dential interview: ‘Boy! Wouldn't it be wondertul if our company
was first to produce a cancer-free cigarette. What we could do to
competition!” Another remarked on how fortunate it was ‘for us’
(ie, for cigarette manufacturers) that smokers were engaging in
‘a habit they can't break’ The mid-1950s cancer consensus
was clearly (albeit privately) shared by the companies; and the
reality of addiction was also starting to be conceded—at least in
internal industry documents.

UK cigarette makers also commented on the lung cancer
consensus. Three leading scientists from British American
Tobacco (BAT) visited the USA in 1958, for example, and found
that with only one exception all of those consulted—including
dozens of experts inside and outside the industry—believed that
a cancer connection had bheen proved® Alan Rodgman at
Reynolds 4 years later confessed that while evidence in favour of
the cancer link was ‘overwhelming’, the evidence against was
iscant’.® Helmut Wakeham at Philip Morris about this same
time drew up a list of dozens of carcinogens in cigarette
smoke ™ None of this was made public; indeed the tobacco
industry throughout this time and for decades thereafter—until
the end of the millennium—refused to admit any evidence of
harms from smoking. No one can say precisely how many lives
were lost as a result, but if the decline in per capita consumption
that began with the US Surgeon Ceneral’s report in 1964
had begun instead in 1954, when the conspiracy to challenge
the science was launched, millions of lives would have been
saved.?

The 1964 Surgeon General's report, which recognised smoking
as a cause of lung cancer in men, is often regarded as a turning
point in the recognition of health harms from smoking. But the
Surgeon General's report was actually a kind of scientific anti-
climax: from an evidentiary point of view the case against
smoking had been closed by the end of the 1950s, and it was only
the truculence and obstinacy of cigarette manufacturers that
forced a blue-ribbon review by the federal government. Charles S
Cameron, Medical and Scientific Director of the American Cancer
Socicty, put the matter nicely in a 1956 overview for the Arfamic
Monthly, noting that if the same level of evidence had been
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arrayed against, say, spinach, no one would have objected to the
banning of that plant from the national diet.?®

POPULAR KNOWLEDGE—AND IGNORANCE

History is, among other things, the study of origins and
outcomes—how things come to be and disappear. The
presumption is often of a certain contingency: how things turn
out is often the outcome of struggles among competing agents.
We've reviewed bere the rise of scholarly knowledge of cigarette
carcinogenicity, but it is also important to realise that popular
knowledge, too, has a history. Scholars don’t pay enough
attention to what non-scholars think about the waorld, the
proper study of which is agnotology.®® What is the history of
popular knowledge of the tobacco lung cancer link? What
efforts have been made to generate ignorance?

One source of information for the history of ignorance is the
polling data amassed by professional opinion research agencies
and their tobacco industry counterparts. In 1954, for example,
George Gallup sampled a broad swath of the US public to ask:
‘do you think cigarette smoking is one of the causes of lung
cancer, or not?' 41% answered ‘yes', with the remainder
answering cither no’ or ‘undecided’ ™ Even large numbers of
doctors remained unconvinced. In 1960, in a poll organised by
the American Cancer Society, only a third of all US doctors
agreed that cigarette smoking should be considered ‘a major
cause of lung cancer’. This same poll revealed that 43% of all
American doctors were still smoking cigarettes on a regular
basis, with occasional users accounting for another 5%.*" With
half of all doctors smoking, it should come as no surprise that
most Amcricans remained unconvinced of life-threatening
harms from the habit.

The tobacco industry was not innocent in this persistence of
ignorance. Cigarette makers spent countless sums to deny and
distract from the cigarette—cancer link, in some instances
actually quantifying the impact of their denialist propaganda. In
1973, for example, the Tobacco Institute hired AHF-Basico
Market Research Co. and Audience Studies, Inc., to measure the
impact of its 1972 propaganda film, ‘Smoking and Health: The
Need to Know', shown to hundreds of thousands throughout
the country, including high school students. Prior to screening,
viewers were asked a series of questions about whether the
Surgeon General ‘could be wrong about the dangers of smoking';
the same questions were then asked after the screening. Anne
Duffin at the Tobacco Institute was happy to report that the
film had reduced by 17.8% the number of people agrecing that
‘Cigarette smoking cause{s] lung cancer’ (from 74.9% to 57.1%,).
The film had also produced ‘significant shifts' in attitudes
favourable to the industry in other arcas, including whether
recent reports had ‘overemphasized the dangers of smoking’. ™

Global denialist campaigns have borne similar fruit. In the
1980s, UK tobacco researchers commented on how Philip Morris
was piloting a ‘global strategy’ to deny the reality of secondhand
smoke hazards, spending vast sums of money ‘to keep the
controversy alive’*® Hundreds of millions of Chinese remain
poorly informed about the hazards of smoking, and as recently
as 2011, scholars from the International Tobacco Control Policy
Evaluation Project in The Netherlands published a survey
showing that only 61 per cent of Dutch adults agreed that
cigarette smoke endangered non-smokers.**

THE GLOBAL TOLL
The cigarette is the deadliest artefact in the history of human
civilisation.?! Consumption rates are falling in most of the richer
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countries, but smoking rates remain high or even increasing in
many parts of the globe. In China, cigarette consumption has
risen from about 500 billion 1980 to over four times that in
2010, and it is not yet clear whether consumption has peaked.
China is now manufacturing about 2.4 trillion cigarettes per
year, close to 40% of the global total. Consumption has been
facilitated by the introduction of ultra high speed cigarette
making machines: Hongta’s Yuxi Cigarette Factory, for example,
produces over 90 billion cigarettes per year, using 52 high-speed
Molins cigarette making machines. Modern cigarette making
machines of the sort made by the Hauni Corporation in
Hamburg or GD (Generate Differences) in Bologna crank out
cigarettes at rates up to 20000 per min, which helps account for
the dramatic drop in manufacturing costs over the last century
or so. Cigarette factories today produce death at a faster

BoxRilWhatisfa]lhuman]lifefworthitoYalcigarettefmanud
facturer’y

Cigarettes cause about one death per million smoked®™ with
a latency of about 25 years, which is why the 6 trillion smoked in
1990 will cause about & million deaths in 2015, That's one death
every 5 seconds. One-third or one-quarter of those deaths will be
from lung cancer; about one every 15 or 20 s.

This relationship is fairly consistent in different parts of the world,
given the homogeneity of cigarettes and how similarly they are
smoked. it also means we can generate some interesting
equivalences. Cigarettes typically come in 20 sticks per pack,
with 200 sticks per carton, 10000 sticks per master case and 10
million sticks per container. A 12 m {40 ft) container of the sort
shipped overseas or trucked by highway houses 10 million
cigarettes, which means that each container will cause about 10
deaths.

We can also think about this in terms of the rate at which
cigarettes are smoked. A total of 6 trillion cigarettes are smoked
every year, and if each cigarette is about 60 mm {counting only
the part that is smoked), this means that 360 trillion mm of
cigarettes are smoked per year. Converting this, 360 trilion mm
is 360 billion m, or 360 million km. Imagined as one long rod, this
means that cigarettes are smoked at a rate of 360 million km per
year, which is more than 10 km/s. Cigarettes are smoked at
a rate equal to the speed at which sateliites orbit the earth.
We can also think about the deaths caused per unit weight of
stuffing. Cigarettes contain about two-thirds of a gram of
tobacco, which means that if it takes 3 million cigareties to cause
one lung cancer, it takes about 2 million g—or 2 metric
tonnes—to cause one lung cancer. A typical tobacco farm yields
about 2 tonnes per hectare, so a 10-hectare field will cause about
10 lung cancer deaths/year. And 20 additional deaths from heart
attacks, gangrene of the feet, cancers of the bladder and oral
cavity, etc.

Finally, we can also think about this in terms of the value of a life
as assumed by tobacco manufacturers. Cigarette companies
make about a penny in profit for every cigarette sold, or about US
$10000 for every million cigarettes purchased. Since there is one
death for every million cigarettes sold (or smoked), a tobacco
manufacturer will make about US$10 000 for every death caused
by their products. Otherwise put: a cigarette manufacturer will
not forgo US$10 000 in profit, even if this means the death of one
of their customers. The value of a human life to a cigarette
manufacturer is therefore about US$10 000,
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rate—and cheaper—than any previous form of industrial
manufacture. If cigarettes cause 1 lung cancer for every 3 or 4
million smoked,® this means that a factory such as Hongta’s in
Yuxi is responsible for generating 25000 or 30000 deaths per
year from lung cancer. And about twice that number from other
diseases. There are about 400 industrial-scale cigarette factories
in the world, each of which causes thousands of preventable
deaths per year (see box 1 and table 1).

There are still many myths surrounding smoking—that the
dangers have long been ‘common knowledge’, for example, or
that legitimate scholarly doubt about the reality of hazards
postdates the Surgeon General’s report of 196477 Yet another
myth, though, is that the tobacco ‘problem’ has by and large
been ‘solved’. Tobacco is commounly referred to in the
past tense—as when critics of the fast food industry talk about
solving dietary problems ‘the way the tobacco problem was
salved’. The fact is that cigarette use persists, and on a massive
scale. Global cigarette use seems to have peaked at about 6
trillion cigarettes sometime after the turn of the new millen-
nium, but the deadtly effects of this epidemic will still be felt for
decades—even if global use continues to decline. Only about 100
million people died from smoking in the 20th century, whereas
several times that are likely to die in the present century, even
if current rates of smoking fall dramatically.® Most of the
tobacco epidemic remains in the future, with the total global toll
likely to approach 2 million lung cancer deaths per year in the
2020s or 2030s.

No causes are themselves uncaused, however, which means
thar when we think about what causes lung cancer or even
smoking, we should think not just in terms of how individuals
‘decide’ to start smoking, but rather in terms of larger, more
weblike threads of causation. We have to look at the cigarette
epidemic—and therefore lung cancer—as facilitated by long
causal chains of a sociopolitical, technical, molecular and agri-
cultural nature. If cigarettes cause cancer, then so do the
machines that roll cigarettes and the companies that supply the
‘filters’, ‘flavourants’ and paper. We have to realise that adverts
can be carcinogens, along with the convenience stores and
pharmacies that sell cigarettes. The executives who work for
cigarette companies cause cancer, as do the artists who design
cigarette packs and the PR and advertising firms that manage
such accounts. Farmers who grow tobacco are part of this

Table 1 Factories of death {selected)

Cigarettes produced/

Deaths caused

year {year) per year
Philip Maorris's Richmond plant 146 billion {2010} 146 000
Philip Morris Holland, Bergen op 96 billion (2006} 96 000
Zoom, The Netherlands
Yuxi Cigarette Factory, Yunnan 90 billion {2008} 130000
Kunming Cigarette Factory, 71 hillion (2010} 71000
Kunming, China
Philip Morris Izhora Cigarette 70 bitfion {2011) 70000
Factory, St. Petershurg
Hong He Cigarette Factory, 65 billion (2005} 65000
Yunnan, China
Anyang Cigarette Factory, China 50 billion {2008) 50000
Hongyun Cigarette Factory, 47 biltion {2008} 47000
Qujing, Yunnan
Thane Road, Nottingham 50 bilfion {2003) 50000
{Imperial Tobacco), UK
Hangzhou Cigarette Factory, China 47 billion {2007} 47000
Reemtsma, Berlin 38 billion {2005) 36000
Philip Marris Kuban, Russia 33 biffion {2002) 33000

Tobacco Control 2012;,24:87—91, doi:10.1136/tobaccocontral-2011-050338
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. What this paper adds

This paper reviews the converging lines of evidence that fed to
the recognition that smoking is the major ¢cause of lung
cancer. ,

it also shows that the non-scholarly public was slower than
scholars and medical professionals to recognise tobacco
harms. !

The point is made that part of that fag can be traced to
campaigns mounted by the industry to manufacture doubt.
The paint is also made that global tobacco 'use would be
declining were it not for China, which now accounts for about
40 percent of all cigarettes sold (and smoked).

Deaths caused by some of the world’s largest tobacco
factories are calculated, and the value of a‘human life for
a cigarette manufacturer is shown to be about $10 000,

network, as are the politicians who take money from ‘Big
Tobacco’, and thase chemists and breeders who favour the
nicotine molecule. So too must we include those many hundreds
of experts who testify for the industry in court.?’ We need to
better understand such webs or networks if we are to be more
creative in finding ways to reduce the toll from this, the world’s
deadliest malignancy.
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Brief report

Correction

Proctor RN. The history of the discovery of the cigarette-lung cancer link: evidentiary tradi-
tions, corporate denial, global toll. Tob Comtrol 2012;21:87-91. The data related to “Yuxi
Cigarette Yactory, Yunnan' in Table 1 was migprinted. The correct table should appear as
below:

Table 1 Factories of death (selected)

Cigarettes produced/year {year) Deaths caused per year

Philip Morris's Richmond plant | 146 billion {2010) 146 000
Philip Morris Holland, Bergen op Zoom, The Netherlands 96 billion {2006) 96 000
Yuxi Cigarette Factory, Yunnan 90 billion {2008) 90 000
Kunming Cigarette Factary, Kunming, China 1 billion {2010} 71000
Philip Monis Izhora Cigarette Factory, St. Petersburg 70 billion {2011) 70000
Hong He Cigarette Factary, Yunnan, China 65 billion {2005) 65 D00
Anyang Cigarette Factary, China 50 billian {2008) 50 000
Hongyun Cigarette Factory, Qujing, Yunnan 47 billion {2008) 47 000
Thane Read, Nottingham {lmperial Tohacco), UK 50 billian {2003} $0 000
Hangzhou Cigarette Factory, China 47 billion {2007) 47 000
Reemtsma, Berlin 36 billion {2005) 36 000
Philip Marris Kuban, Russia 33 hillien {2002) 33000

Tobacco Controf 2013;22:62. doi:10.1136/tobaccocontral-2011-050338corr1
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Editorials

Evidence based medicine: what it is and what it isn't
It's about integrating individual clinical expertise and the best external evidence

Evidence based medicine, whose philosophical origins extend back to mid-19th century
Paris and carlier, remains a hot topicfor clinicians, public health practitioners,
purchasers, planners,and the public. There are now frequent workshops in how to
practice and teach it (one sponsored by the BMJ will be held in Londonon 24 April);
undergraduate® and postgraduate? training programmes are incorporating it* (or pondering
how to do so0); British centresfor evidence based practice have been established or
planned in adult medicine, child health, surgery, pathology, pharmacotherapy,nursing,
general practice, and dentistry; the Cochrane Collaborationand Britain's Centre for
Review and Dissemination in York are providing systematic reviews of the effects of
health care; new evidence based practice journals are being launched; and it has become a
common topic in the lay media. But enthusiasm has been mixed with some negative
reaction * 2 ¢ Criticism has ranged from evidence based medicine being old hat to it being
a dangerous innovation, perpetrated by the arrogant to servecost cutters and suppress
clinical freedom. As evidence based medicine continues to evolve and adapt, now is a
useful time to refine the discussion of what it is and what it is not.

evidence in making decisions aboutthe care of indmdual patients.|The practice of
evidence based medicine means integrating individual clinical expertise withthe best
available external clinical evidence from systematic research. By individual clinical
expertise we mean the proficiency and judgment that individual clinicians acquire
through clinical experience and clinical practice. Increased expertise is reflected in many
ways. but especially in more:effective and efficientdiagnosis and in the more thoughtful
identification and compassionate use of individual patients' predicaments, rights, and
preferences in making clinical decisions about their care. By best availableexternal
clinical evidence we mean clinically relevant research,often from the basic sciences of
medicine. but especially from patient centred clinical research into the accuracy and
precision of diagnostic tests (including the clinical examination), the power of prognostic
markers, and the efficacy and safety oftherapeutic, rehabilitative, and preventive
regimens. External clinical evidence both invalidates previously accepted diagnostictests
and treatments and replaces them with new ones that are more powerful, more accurate,
more efficacious, and safer.

Good doctors use both 111d|v1dual clinical expertise and the best available external;
evidence, and neither alone i lS enouOh Without clinical expertise, practice t‘lSkS becommg
tymnmscd by evidence, for even excellent external evidence may be mapphcableto or
inappropriate for an individual pati git Without current best evidence, practice nsksl
becommg rapidly out of date, to the detriment of patients.] I




This description of what evidence based medicine is helps clarifywhat evidence based
medicine is not. Evidence based medicine is neither old hat nor impossible to practice.
The argument that "everyone already is doing it" falls before evidence of striking
variations in both the integration of patient vatues into our clinical behaviour? and in the
rates with which clinicians provide interventions to their patients & The difficultics that
clinicians face in keeping abreast of all the medical advances reported in primary journals
are obvious from a comparison of the time required for readlng (for general medicine,
enough to examine 19 articles per day, 365 days per year®) with the time dvallab]e (well
under an hour a week by British medical consultants, even on self reports—).

The argument that evidence based medicine can be conducted only from ivory towers and
armchairs is refuted by audits from the flOl][ Iines of clinical care where at least some
inpatient clinical teams in general medicine,! psychiatry (J R Geddes et al, Royal College
of Psychiatrists winter meeting, January 1996), andsurgery (P McCulloch, personal
communication) have provided evidence based care to the vast majority of their patients.
Such studies show that busy clinicians who devote their scarce reading time to selective,
efficient, patient driven searching,appraisal, and incorporation of the best available
evidence can practice cvidence based medicine.

Evidence based medicine is not "cookbook" medicine. Because it requires a bottom up
approach that integrates the best external evidence with individual clinical expertise and
patients’ choice, it cannot result in slavish, cookbook approaches to individual patient
care. External clinical evidence can inform, but can never replace, individual clinical
expertise, and it is thisexpertise that decides whether the external evidence appliesto the
individual patient at all and, if so, how it should be integrated into a clinical decision.
Similarly, any external guideline must be integrated with individual clinical expertise in
deciding whether and how it matches the patient's clinical state, predicament, and
preferences, and thus whether it shouid be applied. Clinicians who fear top down
cookbooks will find the advocates of evidence based medicine joining them at the
barricades.

Some fear that evidence based medicine will be hijacked by purchasersand managers to
cut the costs of health care. This would notonly be a misuse of evidence based medicine
but suggests a fundamental misunderstanding of its financial consequences. Doctors
practising evidence based medicine will identify and apply the most efficacious
interventions to maximise the quality and quantity of life forindividual patients; this may
raise rather than lower the cost of their care.

Evidence based medicine is not restricted to randomised trialsand meta-analyses. It
involves tr acking down the best external evidence with which to answer our clmlcal
'qucsnons‘ To find out about the accuracy of a diagnostic test, we need to find proper cross
sectional studies of patients clinically suspectedof harbouring the relevant disorder, not a
randomised trial. For a question about prognosis, we need proper follow up studiesof
patients assembled at a uniform, early point in the clinical course of their disease. And
sometimes the evidence we need will come from the basic sciences such as genetics or

immunology. It is when asking questions about therapy that we should tryto avoid the



non-experimental approaches, since these routinely lead to false positive conclusions
about efficacy. Because the randomised trial, and especially the systematic review of
several randomised trials, is so much more likely to inform us and so much less likely to
mislead us, it has become the "gold standard” for judging whether a treatment does more
good than harm.[However, some questions about therapy do not require randomised trials
(successful interventions for othe1w1se fatal condmons) orcannot wait for the trials to bel
E:onducted And if no randomlsed trial has been carried out for our patient's predlcament T
we must follow the trail to the next best external evidence and work from there.;

Despite its ancient origins, evidence based medicine remains a relatively young discipline
whose positive impacts are just beginning to be validated,™ 1213 and it will continue to
evolve. This evolution will be enhanced as several undergraduate, postgraduate,and
continuing medical education programmes adopt and adapt it (o their learners’ needs.
These programmes, and their, evaluation, will provide further information and
understanding about what evidence based medicine is and is not.
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ABSTRACT

A sultiphase study vas parformed to fiad an offective method to avaluste
electronaguatic £ield (Emr) sensitivity of patisnts. The firet phase doveloped
criteria for coatrolled testing using an envircoment lev in ahesicsl, partlou~
late, and ZnP polluticn. mlmlug davices wera used in aa offort to snsure that
extrenscus ¥ would got loterfers with tho tosts., A seuend phase involved a
single-blind cballenge of 100 patisate who cowmplained of EHP sensltivity to a
sweleo of flelds panging fren O to S #ils ia frequency, pilus S blank challangss.
Tventy-five patiests vere fousd who weze sensitive to the fields, hut did mot
geatt to tha blasks. Thazs vere ¢cxpared 1n tho third phase to 25 bealthy nalve
volunteer contcole. None of the. voluntasrs roadted to any challenge, active or
blank, but 16 of the Enr~sensitivo patients (644} had positive signs and ayvptoss
scozes, plus sutcoonic nervous eystem changes. In tho fourth phase, the 16 EWP-
venaitive patients wvere rechallengod twice ta the frequescies to uhich thay were
post sensitive during the previous challsngo. The active frequency was found to
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242 REA £T AL,

be positive la 1008 af the challengsas, while ail of the placsebo tests wazo
aegative. We concluded that this atudy yiveo etroug ovidenco that electronagnetic
2ield sansitivity exiety, and can be slicited under eaviranmontslly controlled
conditlons.

INTRODUCTION:

Interaction machaniems that undexlie the health and biological
effects of elactromagnetic tlelds (ENF) on humand have been atudied
by many authore (1,2,3,4,5,6). This subject was reviewed recently
at the 1990 Spring Heeting of the Amecican Phyeical Society (7).
Choy et. al. (8) investigated individuvale with multiple sen-
oltivities who reported reactions to varlous types of electrical
equipment, including power iines, electronic office equipment such
as typewritere and computer terminala, video display terminals,
household appliances {such as hair dxyere), and fluoresaent lights.

Thie paper prosente proliminary data on electromagnetic field
tests uwoing a oquare wave generator to avaluate the ENF sensitivity
of patients reporting such sensltivities under snvironmemtally
controlled and monitored condltions.

HATERIALS AND HBTRODSS:

This study has been carried out in four phases.

I. The tests ware carried aut in an environmentally controlled acea
with porcelain-on-steel walls to minimize airborne chemical
pollution which might interfere with the testing procedure. This
type of constmqti.on sloc acted to decrease external electro-
magnetic flelds. Portable EMP monitoring devices were used to find
an area that would minimize background EHP which might disturb
double~blind ¢halleonges and interfere with the testing process. The
low-pollution room had a background of 0-100 V/m electric tield and
20-200 oT (Tesla} magnetic fleld. The immediate tost site of the
patients had unmeasyrable electrical fielde and magnetic fields in
the vicinity of 20 nT.

The wmajor omphasis of this phaase of the otudles was the
avaluation of tho offacts of the magnetic fleld genorated by a coll
fed from a swoep/function gaenarator (Model 3030, 8.K. Preclaion
Pynascan Corp.). Thls equipment allowed ve to test square wave
frequoncies from 0.1 Hz to 5 Miz.

The pationts were tosted while they were sitting comfortably
upright in a chair with the generator on a desk at least 2 m away,




ELECTROMACMETIC PIBLD SEHSITIVITY 243
vith its output connected to a coil 6 cm in dlamator and 15 em
tall, made of 35 m of cable and positicned on the floor with its
center approximately 0.3 m from the fest of the person tested. The
moan values of tha alternating magnetic field ganarated by this
arrangement were approximately 2900 T at floor level, approximate-
1y 350 aT at the level of the chair seat and patients' knees, and
about 70 nT at hand lavel. The exposuce period lasted approximately
3 minutes por challenge. -

Bofore the BMP challonge, bload pressure, pulse rate,
respiratory rate, temperature, sign and oymptom scores, and
autonomic nervous aystem' functlons were teated. The autoncmic
netvous oystem function was tested with a binocular iriscorder
(Nodel C2513, Bamamatsu Photonles), which measured pupll area, time
at which constriction and dilation occurred, and rate of constric~
tion/dllation (9). '

Al)l patients had been previcusly evaluated and treated for
biological inhalant, food and chemlocal sensitivities in order to
minlnlze possible confusion from coexisting problems. The patients
were stabilized on a healthy diet in a constant low-pollution
snvironment. In addition, they had their ovexall body load reduced
and stabilized in a controlled eavironment.

1I. Thie was a single-blind screening of 100 patients who com-
plalned of being EMF-pennitive. Thoy wore challenged under low-
pollution conditions using thes sweep/tunction generator at 0.1,
v.s, 1, 2.5, 5, 10, 20, 40, 50, 60, and 100 Bz) then at 1, 5, 10,
20, 3s, 50, 75, and 100 KHz; and £inally at 1 and 5 MHz. There were
tventy-one active challengas and five blanke {placebos) per person,
giving a total of 2600 oha:ueugu. When the number and/or intensity
ol symptoms were 20% over baseline, the result was conaidered
positive, and were recorded as auch under the various eriteria
used. A change in the lriscorder readings more than two standard
deviations from baseline was also recoxded as a positive xesult.

11I. Twanty-five patients, who waro found to bo poasitive in phase
It challenges, and who had no more than one placebo reaction were
then selected for a third phase of the atudy. In addition, 25
hualthy mnaiva volunteers were challenged. Double-blind EMP
vhallenges and plecebos uaing the aferementioned parameteras wera
porformed. Thera were 1300 total challenges, of which 1050 were
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Phase II -~ Single-blind Cballenga of 100 Patients

No. of No. of No. of Pos. pos.
Patients Active Blank Reactions Reactions
Challenges [ Challenges | to Active to
Challenges Blanks
50 1050 250 750 150
25 528 125 0 0
28 9298 128 328 0

active and 250 were blanks. The tasts averaged 21 active frequen-
cles and 5 blanka per subject.

1V. Sixteen patients who reacted in phase IIT were than rechal-
lenged on two saparate occaglons in a double-blind manner, uvsing
only the frequencles to which they hed reeponded most strongly. For
each subject, the frequency of maximum sensitivity was imserted
randomly into a serles of 5 placebo challenges. Thus, there were
a total of 32 active challengas and 160 blanks.

RESULTS:

Phase I. Tho EMF measureaments were quite reproducible. We found
that the lights. and air handling equipmont had to be off during the
toste becsuse of thelr electromagnetic field output. Basellne
studies on patients wers completed without remarkable result. -

Phase II. Of the total of 100 patients tested in the single-blind
study, 50 reacted to geversl of the placeboa in additlon to the
active challenges, and were oxcluded from further study. Twenty~
five subjectu who did not react to any active challonges were also
exaluded. A final 25 gubjacts who did react to active challenges,

but not to blanks, were selected for the third phase of the study
{Table 1).

Phase III. The 25 subjects selocted from phase Il were rechal-
lenged, and 16 (64%) reacted positively to the active challenges
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['lfublo 2). The total number of positive reactions to the 336 ective
challenges in the 16 patients was 179 (5)%), as compared to 6
positive reacticns out of 80 blanks {7.5%). There were no reactions
to any challenge, active or placabo, in the volunteer group of
naive subjects (Table 2).

When evaluating frequescy response, 75% of the 16 patients
reacted to 1 He, 75% to 2.5 Hz, 69% to § Hz, 69 A to 10 Hz, 69% to
20 Ha, and 69% to 10 Ruz (Table 3). Mo patient reactad to all 21
of the active £requencies in the challenges. The average was 11
reactive frequencies per patient, with a range of 1 to 19 positive
seoponses.

The principal eigns and symptoms produced were neurological
(tingling, sleepiness, headache, dizzinese, unconsciousness),
wusculoaskeletal {pain, tightness, spasnm, fibritlation), cardlo-
vascular {palpitation, flushing, tachycardis, edema), oral/respica-
tory (preseure in cars, tooth paln, tightness in chest, dyspnea},
gastrointestinal (nausea, belching), ocular {burning), and dermal
(itching, buraing, prickling pain) (Table 4). Most reactions were
neurological .

Phaae 1V, In the 16 patients again rechallenged in a double-blind
manner, ueing only the mingle fraguapncy to which thay were most
sensitive, all reported reactions to the active frequencies when
challenged. lNone reacted to the placebos (Table 5). Signs and
symptoms in all 16 patients were positive as was the autonomic
nervoua oyotem dyafunction, as measured by the iriscorder (Table
é, Figure 1). Examples of changas weres a 20% decrease in pulmonary
function and a 40% Sncroase in heart rate. In the 16 patients with
positive reacticns to EMP challenges, two had dalayed reactionaj
gradually became depressed and £inally becams unconscious.
Bventually, they awoke.without treatment. Symptoms lasted from 8
hours to 3 days.

DISCUSBION:

8ince it has bosn found that alectromagnetic fields can affaect
health, researehers have invastlgated these phenomona in vivo and
in vitre, in animale {10,11,12) and humans {1,2,3,4,5,6,7).

No iadividual had been specifically challenged in an attempt
to wuproduce acute symptoms untll Smith and Monro (S) followed by



Table 2

ghase IXII - 25 Pationts Previously Positive
Rochallanged And Tweaty-Five Coatrols Taested

Doubla-blind
No. of No. of No. of Posgitive Pogitive
Persons Active Blank Reactionsg to Reactions to
Challengas Challeages Challenges Blanks
16 patients (ouct of 336 80 173 3
25 reacting
positivaly) :
25 controls $25 125 0 0
(none of them
reacting pouuvelz)
| - = -

IV 12 v
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Table 3
PERCENTAGE OF 16 PATIENTS WITR POSITIVE
ABACTION TO DIVFEREZNT FARQUENCIES
Froi(;::;uey ﬂ EIonts with Fo:tE!ve Keaccion
0.1 N
0.8 44
3 11
2.5 75
S €9
10 (1]
20 €9
40 s0
S0 50
60 63
100 86
1x 86
5K k1]
10K 69
20K ' 56
3sK n
SOK 50
75K 50
100K 8
M 1)

M n
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Table §

Pfhase IV -~8ixteen Patients Rachallengad to Ono Activo Fraquency
on Two Separate Eplsoded and in Additlon to Plva
Blank Challenges on Bach Eplaodes -~ Doubla-blind

Pirsr Eplagde of Challangs

Total Total No. of patients No. of patientsg
_tio. of Ho, of Ho, of rsacting to reacting to
e s ¥ LEQS BAGS RKA : ive & Aiangsa DAANKS
16 16 80 16 0
8 9 o lon
Total Total No. of patients No. of patients

No.4 af No, of No. of ceacting to reacting to
At isats fxaque blanks acrive allepqge blanks.
16 16 80 18 0

Choy, Monro, and Smith (8), who used a secies of oscillators of
varying frequency to trigger symptoms in eleotrically asenaitivae
pativnts. He modlfied this procedure by developing controlled
environnantal areas where bamalines ware constantly monitored for
particulates, pollutants, and extranecus fieolds. Heore, controlled
EWP output was applied ao that data would be more reproducible,
Saveral factors have led us to believe that we have reproduci-
ble resulte. Maticulous construction of environmental rooms made
a great difference in the reproducibility of test reaults. Prior
to the use of such facllities and careful monitoring, a variety of
factors, such as diet, exposure to chemicals, EKF, or dust gave
clse to symptome which would have been mistaken for placebo
reactione. Such effecte were minimized here, as evidenced by tho
small aumber of placebo reactions. A few patfients reacted to the
tiulda ganorated by the monitoring davices (Iriscorder, EXG, and
computers) and had to’'bs dropped from the atudy as too fragile for
accurato analysis. Somo patiants reacted to the fialds generated
by the fluorescent lights, and others did not present the same
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Tabla 6

Paramaters of 235 normal control’s pupillary Light
roflex - [riscordar - EBC~Dallas
(Right and Loft Byas Combingd)

Porvant

Parameter %z % SO variation

AL 5.70 = 3,58 10.9

cR " 0.46 & ©0.048 10,4

T 196.74 = 18.36 9.%

ve 49.67 =  5.86 11.8

ac $03.20 = 79.80 15.1

9 1520.04 = 206.86 18.7

v 13.6% = 2.44 17.9
o — Ao oot eotdogebinie st

R
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DOUBLE-BLIND EMF CHALLENGE -- T-5
48 yr old white female { M.Y.)

2800 meoo+~speesd ol change ot pupll dilatation

= Right eye —+-Lelt oye

1800 1

1300 o . e . emeems -
eoo [ L [} L} ] 1) L] ] L LI I | L J L] ¥ L 1} L] L
olf J 110 60 60100 K 10K16K 100KIM 6
Frequency i

Environmental Health Center - Dallae

FPlgure 1. Speed of dilation of the pupil following BHF stiwmulation
at variocus frequoncies as measured by iclscorder. Note that right
and left eyes raspond simultancously and to the same relative
dagreen at a given fraguency. These vresults are quits repreducible
{viz. text).

signs and symptoms at cach challenge, even though the reactions
wero significant when contrasted with the blank responses. The
Ixlscoxdar data were objective, however, and were slways reproduai-
ble (Piguxe 1).

Ho also noted that patients sometimes had delayed or prolonged
responses. Thersfore, care had to be taken to be certain that the
patient hod returned to basoline before the next challenge. ‘This
carry~over was first noted when evaluating responaes to placebo
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challenges. Such a resporse could ugually be oxplained and
eliminated by use of longor intervale between challienges.

In thie study, of the 100 patients who expressed suspicion ot
ENP sensitivity, 75 actually responded to fields, whereas none of
the controle did. Of the 75, 25 had no reactions to blanks, whereas
50 did, and thue were dieccarded from tha study; even though we felt
that aome of the reactions to blanks might be evidence of dalayed
reaction to previocus frequencies, or prolonged respones to the
previous positive challenge, as well as true placebo reactions.

We learned that challenge with 21 frequencies was lmposalble
on many senaitive patiente. They were often unwell for eeveral
hours or days, which confused the data from repeat challenges on
subsequent days. Hence, we eslected the one frequency of maximum
sensitivity for repeat cliallengee in the phaoe IV studles.

When one compares the various groups to controle, it is clear
that there io a group of patients who have uneteble responaa
systema which appear different from those of the individuale who
acted as controls. Theae studies show that BMP sensitivity could
be elicited under eavironmentally controlled conditlons. As a
result of the woak field levels and short exposure time, the
reoponses wore mild except In two patienta whose syoptoms were so
severe (e.g. drop attack, severe itohing) that they received
intravenous vitamin C, wmagneaium, and oxygen as a result of the
prolonged and delayed raactions.

8Signas and oymptoms appeared aimllar to those seen in foed or
chemically sensitive patients at the Environmental Health Center/
ballag, and included nourological, musculaskeletal, cardiovascular,
respiratory, gastrointestinal, dermal, and occular changea. The
neurological symptoms ware most cormon. Similar responses have been
recorded by others in the literature (S5,6,7.8,13,14). In 1972,
after the Soviete reported that electrical utility workere were
suffering from lietleasncas, fatigua, and nausea, Subrohmangam and
cowvorkers (13) iavestigated and reported decleive changes in
cardiac function and bicamine levals when pulees of 0.01 and 0.1
Rz wore used. They found significant changea fin the hypothalamua
in response to the BWF tields.

In these astudies, the preponderance of reactions cccurred at
one to 10 Hz, which accordes well with thelr observstions. Rowever,
many teactiona aleo occurzed at S0 and 60 Hz, as well a some up to
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S #Hz, Wo conclude that in any given individual, susceptibility may
dovelop to any freguency, and produce reactions.

statio magnetic flelds are known to cauee inocreased blood
presgure on gsoma individuamls {14). Choy and coworkera (8) found
that ENP resctions in EMF sensitive patients were not limited to
the nervous system, but occurred in the same systems as in these
studlaa, which baslcally corroborate thairas, though neurclogical
sywmptons predominated in our experiments.

Over the paot )0 years, numerous inveastigations with animals
and a Cow spidemiological studies of human populations have been
devoted to asoceassing the relationship of microwave exposure to
cataract developument. The aeverity and speed of formation depends
not only on intensity, but also on wavelength and duration of
exposure (16-21). McCally ot. al. (22) reported damage to corneal
eplthelium in Cynomolgus wmonkeys after 2.43 GHz irradiation for
several hours at only 20-30 mW/cm' (CH) or oven 10-15 mW/cm' with
puleed fields. Therefore the results of Paz (23) strongly suggests
that the potential for eye injury exists in surgery where EMP
fields are present.

In our experience, the patients® clinical responses could not
alwayn be reproduced completely, but the objective Iriscorder, EKG,
and rosplrameter could he. However, the responses were definitely
diffaerent from controls or placebo challangas, In our oxperience
over the yaare, we have found partial reproduction of symptoms on
sepoat challenge to be as signiticant as total gepreduction.
Therefore, significant differences from controlas in objective
meagurements woce doamed valid.

There are sevoral axplanations for lack of exact xepxoducibil-
ity. Those are: a) the pationtd® total body loads were differeat
at dlfterent exposure periods. Por example, aome patients may only
respond to BMP when in a reactive hyperasnsitive state (5,8})%

b) tissua resistance could Influence the effect of the EMP.
timmerman (24) reported that electrical resistance of sekin
decreasad with increasing temperature and increased with progres-
sive drying, as oight be expacted; c) injections of antigen
nautralizing substances prior to test may have reduced the reaponse
to BMF. One patient with asthma was sensitlive to high voltage power
linos a well as low voltage house wiring. He oxperieanced wuascle
spasns in head, neck, arms, and legs. Thie patient was algo
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sanaitiv
® to dust, weeds, dust mites, ang some foods., U
+ He reacted

in cur tasts to 2 s
*> and 60 Rz,

in the cheat. gHeo then racoived ::’ :otis o e vith tightneas
hyperunoluugy xeactions. pj ntigen shot to nevtralize his
.‘the montha later, he was unceactive

that the weather can 1nt1ue:=: ot the results, asince we know
alterati S1e propagation of EWP, as ma
one in the geomagnetic field ! Y
temperat elds. Since humidity, pollution
voath Ilr:;n ete. ocan affect resiotance and total body load'
exr should :
(Lnveraions. £ perhape affect the results. Adverse weather
voathor 1“; '»':*mple) way increase pollution load, while good
" " ene it. There is mome evidence of reaonance between
: magnetic fields and an applied ac magnetic field (25), which
wplies that the cesults may depend in part at least upon the
atrength and orfentation of the geomagnetic flald in the test area;
and e) different wave forms might cause different reasponses. In
these experiments, we used only square wave Llnputs to the coils.
Consequently, we do not know whether other vave forms (uine,
sawtooth, triangular, etc.) might induce different types or

intenaities of reactiona.
Thus far, definitive information haa not heen sufficlent to

identify a plausible mechaniem for BHP interactions with biological
tissue. Interactions appear to take place at the cell surface,
perhaps acting on receptor sites and altering ion and molecular
transport across the membranes (25). Purther work remalns to be
done in the field.
’ it 1s clear that EMP sensitivity is a real phenonmenon in eome
environmentally sensitive patients, because some had consistent
reactions while none of tha controls did. Thia study must be
coneidered as only preliminary, but the evidence clearly points to

senesitivity in some paeople.
In conclusion, it io evident that BMP testing is at a rudi-

mentary stage; but clearly EHP cemsitivity exists and can be
elicited under environmentally controlled conditions. FPurthecr
studies ara needed to invastigate the effects of BMF fields on

human health.
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940:the Intention-to-Treat Dealing With Loss to Follow-up
! ' Conclusions




188 Tuprary

the possible bias introduced by omission of outcome
events in patients who discontinued treatment. The
investigators could have avoided this problem had
they chosen to follow up all patients, irrespective of
adherence to treatment.

Clinicians evaluating an RC!' need to know
whether the rescarchers followed the intention-to-treat
principle. A quick approach is to scan the methods
section of the RCT; looking for the phrase “intention-
to-treat analysis” Although most RCTs mention this
phrase (surely the effect of a campaign about the
importance of the intention-to-ireal principle), they
often-misuse it or apply it incorrectly®?! Thus, read-
ers must look not just for this phrase but also for
what the trial investigators actually did. In its updated
2010 statement, CONSORT recommends replacing
“...intention-1o-treal analysis, a widely misused term,
by a more explicit request for information about retain-
ing patticipants in their original assigned groups2

PR M6 VLT T RS TG LR L1

f.oss to follow-up leading to missing outcome data
in RCTs that report an “intention-to-treat analysis” is
common.®!! Large loss to follow-up may introduce
the same sort of bias as a per-protocol analysis. This
is particularly so because patients lost to {ollow-up
tend to have poorer outcomes than patients whom
investigators successfully follow up."?

Clinicians will find it helpful to separate the issues
of intention to treat and loss 1o follow-up,!* As we have
noted in the previous section, making assuinptions
about patients fost to follow-up (eg, all had the evenl
of interest or none had the event of interest) and then
describing the resulting analysis as an “intention-to-
treat analysis” in no way minimizes the bias that will
accur if the prognosis in those lost to follow-up differs
in intervention or control groups or if the magnitude
of loss to follow-up differs in the 2 groups.

For instance, Silverstein et al'® reported the results

- of an RCY' of 8843 paticnts taking nonsteroidal anti-

inflammatory agents for rheumatoid arthritis ran-
domized to receive misoprostol (4404 patients) or

placebo (4439 patients) to prevent gastroduodenal -

complications as judged by outcome assessors masked
to treatment allocation. The authors described their
analysis as intention to treat, However, they included

patients lost to follow-up in the denominator of event
rates used for this analysis. Inclusion of these patients
in the denominator without inclusion of their out-
comes in the numerator assumed that no patient lost
to follow-up had gastroduodenal ulcerations. The
size of the groups Jost (1851 patients in the miso-
prostol arm and 1617 in the placebo arm) eclipsed
the number of patients who experienced the primary
end point in each group (25 in the misoprostol group
and 42 in the placebo group), leaving the reader
uncertain about the true magnitude of the treat-
ment effect. The investigators could have avoided the
problem by rigorously following wp all patients or, at
least, made it controllable by conducting sensitivity
analyses with different assumptions for paticnts lost
to {ollow-up 1617

Investigators shounld transparently describe how
they dealt with loss Lo follow-up in the analysis section
of their reports. Probably the best way of dealing with
the situation is to begin by analyzing only those patients
for whom one has complete data (called a complete
case analysis). Investigators should then conduc! one
or more sensitivily analyses using different assump-
tions for the missing outcomes to assgss the robustncss
of their results. This is true for in"tf?vidual trials and
systematic reviews and meta-analyses of RCIs!7 In

-the abscnce of an explicit approach, clinicians should be

wary of studies reporting so-called intention-lo-treat
analyses in the face of substantial loss to foflow-up.

COMCLUSIONS

For RCTs to provide unbiased agsessments of treat-
ment efticacy, investigators should adhere to the
intention-to-treat principle and present analyses
in which )] patients are included in the groups lo
which they were randomized. Scanning the methods
section for the phrase “intention-to-treat analysis”
is insufficient when aritically appraising an RCT
report, Readers need to check what was actually
done in the analysis, with respect to 2 crucial threats
to validity: patients who did not follow the pyotocol
and patients lost to follow-up. In unusual situations
{toxicity, differential adherence in trials of 2 active
treatments,.and noninferiority trials), an additional
pet-protocal analysis may provide reassaring (or not
so reassuring) information.
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ADVANCED TOPICS IN DIAGNOSIS
Spectrum Bias

Reem A. Mustafa, Victor M. Montori, Peter Wyer,
Thomas B. Newman, Sheri A. Keitz, and Gordon Guyatt

iN THIS CHAPTER

7

Choosing the Wrong Patients Will
Bias Estimates of the Usefulness
of a Diagnostic Test

Target-Positive Patients With
Unequivocally Severe Disease and
Target-Negative Patients With No
Reason to Suspect Disease Are
the Wrong Patients to Study

Distributions of Test Results [llustrate
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CHOOSING THE WRONG PATIENTS
WILL BIAS ESTIMATES OF THE
USEFULNESS OF A IMAGNOSTIC TEST

For clinicians to appropriately use diagnostic tests
in clinical practice, they need to know how well
the tests can distinguish between those who have the
target condition and those who do not. If investigators

choose clinically inappropriate populations for their -

study of a diagnostic test (introducing what is some-
times called spectrum bias), the results may seriously
mislead clinicians (see Chapter 18, Diagnostic Tests).

In this chapter, we present a series of examples
that expand on the points related to spectruim bias.
Working through these examples, you will gain a
deeper understanding of which characteristics of
a study population are and are not likely to result in
misleading results. Readers will find an elaborated
version of this demonstration, intended to assist
teachers in interactive sessions with small groups, in
another publication.! :

TARGET-POSTHIVE FATIENTS WETH
UNEMHHVOCALLY SEYERE MISEASE
AN TARGET-NEGATIVE PATIENTS
WITH NO BEASON TO SWSPECT
EISEASE ARE THE WRONG
PATIENTS TG STUDY

Ideally, the ability of a test to correctly identify
patients with a parlicular disease,- condition, or
outcome (target-positive paticnts) and those with-
out (target-negative patients) would not vary from
patient to patient. A test may, however, perform
better when used to evaluate patients with more
severe disease than it would in patients whose dis-
case is less obvious and/or less advanced, Moreover,
clinicians do not need diagnostic tests when the
disease is clinically obvious or sufficiently unlikely
that they need not seriously consider it.

A study of a diagnostic test involves performing
the test of interest, together with a second test or

investigation (which we will call the reference stan-

dard, criterion standard, or gold standard) in patients

e e—— e -

with and without the disease or condition of interest.
We accept the results of the reference standard as
the criterion by which the results of the test under
investigation are assessed.

In designing such a study, investigators sometimes
choose patients with unequivocally far-advanced dis-
ease together with unequivocally disease-free peo-
ple, such as heaithy asymptomatic volunteers. This
approach ensures that the criterion standard will not
misclassify any patients and may be appropriate in the
early stages of developing a test. Any study performed
on a population that lacks diagnostic uncertainty may,
however, produce a biased estimate of a test's perfor-
mance relative to a study restricted to patients for
whom the test would be clinically indicated. .

PSTREIGUTIONS OF TEST RESULTS
ILLUSTRATE THE SPECTRUNM
PROBLEM

A crucial issue in the design of a diagnostictest study
is the distribution of sevgrlty of illness or abnormal-
ity among the patients'Who were enrolled. We refer
to this distribution as the spectrum of disease, ill-
ness, or abnormality.

Por example, consider brain natriuretic peptide
(BNP), which is 2 hormone that the ventricles of the
heart secrete in response fo expansion. Plasma levels
of BNP increase in congestive heart failure (CHF).
Consequently, investigators have suggested BNP as
a test to distinguish between CHF and other causes
of acute dyspnea among paticnts presenting to emer-
gency departments.”

One study reported promising results using a
BNP cutoff of 100 pg/ml1.24 In thinking about the use
of BNP as a test for CHF among patients with acute
dyspnea, consider Figure 19.1-1. The horizonta) axis
corresponds to increasing values of BNP. The 2 bell
curves constitute hypothetical probability density
plots of the distribution of BNP values among patients
with and without CHE 'Ihe height of the vertical axis
al any point in either curve reflects the proportion
of emergency department patients having the corre-
sponding BNP result. Aside from the choice of cut-
off value, this figure is a hypothetical illustration that
does not directly reflect the results of any actual study.
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The bell curve on the left of Figure 19.1-1 repre-
sents a schematic of the distribution of BNP values
in a group of young individuals with known asthma
and no risk factors for CHE They will tend to have
very low levels of circulating BN, The bell curve on
the right represents the distribution of BNP values
in older patients with,unequivocal and sevcre acute

CHEF. Such patients will have test results clustered on
the high end of the scale.”

If Figure 19.1-1 accurately represented the per-
formance of BNP in distinguishing between patients
with and without CHF as the cause of their symp-
toms, BNP would be a very good test: the 2 curves
demonstrate very little overlap. For BNIP values above
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management), have no explicit criteria for select-
ing the included studies, do not include systematic
assessments of the risk of bias associated with pri-
mary studies, and do not provide quantitative best
estimates or rate the confidence in these estimates.
The traditional narrative review articles are useful
for obtaining a broad overview of a clinical condition
but may not provide a reliable and unbiased answer
to a focused clinical question.

Wity Seek Sysiematic Reviews?

When searching for evidence to answer a dinical
question, it is preferable to seek a systematic review,
especially one that includes a meta-analysis, rather
than looking for the best individual study or studies.
‘The reasons include the following:

1. Single studies are liable Lo be unrepresentative of
the total body of evidence, and their results may
therefore be misleading.

2. Collecting and appraising a number of studies
take time you probably do not have.

3. A systemalic review is often accompanied by
a meta-analysis to provide the best estimate of
effect that increases precision and facilitates clin-
ical decision making.

4. If the systematic review is performed well, it will
likely provide all of the relevant evidence with an
assessment of the best estimates of cffect and the
confidence they warrant;

5. Systematic reviews include a greater range of
patients than any single study, potentially enhanc-
ing your confidence in applying the resulls to the
patient before you.

1 synopsis of the Procoss of a Sysiematic
Leview and Mela-zualysis

In applying the Users’ Guides, you will find it use-
ful to have a clear understanding of the process of
conducting a systematic review and meta-analysis.
Figure 22-2 shows how the process begins with the
definition of the question, which is synonymous
with specifying eligibility criteria for deciding which
studies to include in a review. These criteria define
the population, the exposures or interventions, and
the outcomes of interest. A systematic review also

may restrict studies to those that minimize the risk
of bias, For example, systematic reviews that address
a question of therapy often will include only RCTs.

FIGUILE 22-1
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Conduct search -
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Screen titles and abstracts
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Review full text of possibly eligible studies
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e
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\
Meta-
analysis

— SUU,
In a systematic review without meta-analysis, the step of generating
summayy eslimates and confidenca intervals Js not applicable. if the
systematic review includes a meta-analysis and presents oslimates
of effect from individual studies, seeking explanation for heterogoneity
and rating confidence in estimates Is possible.

Abbroviations: G, confidence interval; PICO, Patient, intervention,
Comparison, Oulcome.
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462 SUMMARIZING THE EVIDENCE

Havingspecifiedtheirselectioncriteria,reviewers
will conduct a comprehensive search of the literature
in all relevant medical databases, which typically
yields a large number of potentially relevant titles
and abstracts. They then apply the selection crite-
ria to the titles and abstracts, arriving at a smaller
number of articles that they retrieve. Once again, the
reviewers apply the selection criteria, this time to
the complete reports. -

Having completed the culling process, the review-
ers assess the risk of bias of the individual studies and
abstract data from each study. Finally, they summarize
the results, including, if appropriate, a quantitative
synthesis or meta-analysis. The meta-analysis pro-
vides pooled estimates (ic, combined estimates) of the

- effect on each of the outcomes of interest, along with

the associated Cls. Meta-analyses frequently include
an examination of the differences in effect estimates
across included studies in an attempt to explain dif-
ferences in results (exploring heterogeneity). If based
on previously specified hypotheses about possible
differences in patients, interventions, or outcomes
that may explain differcnces in results, such explo-
rations become more credible (see Chapter 25.2,
How to Use a Subgroup Analysis).

2250

Users’ Guides for Credibility
of the Systematic Review Process

Did the review explicitly address a sensible clini-
cal question?

Was the search for relevant studies exhaustive?
Was the risk of bias of the primary studies
assessed?

Did the review address possible explanations of
betwesn-study differences in results?

Did the review present results that are ready for
clinical application?

Were selection and assessments of studies
reproducible?

Did the review address confidence in effect
estimates?

Judging the Gredibility of the
Effect Estimates

When applying the results of a systematic review to
patient care, you can look for estimates of effect. A
systematic review without a meta-analysis typically
presents results from individual studies; the meta-
analysis adds a single pooled (combined) estimate
of effect, with an associated CI, for each relevant
outcomie. Pooled estimates could be for therapy out-
comes (eg, death, myocardial infarction, quality of
life, late catastrophic adverse effects), estimates of the
properties of diagnostic tests (eg, likelihood ratios),
or estimates of patients’ likely outcomes (eg, prog-
nosis). Clinicians need to know the extent to which
they can trust these estimates.

Two fundamental problems can undermine this
trust. One is the exlenl to which systematic review
authors have applied rigorous methods in conduct-
ing their review. We refer to this as the credibility of
the review® By credibility, we mean the extent to
which the design and conduct of the review are likely
to have protected against misleading results.4 As you
will see, credibility may be undermined by eligibii-
ity criteria that are inappropriate or not specified, the
conduct of an inadequate search, and the omission
of risk of bias assessments of individual studies (sce
Box 22-1 for issues to be considered in the cred-
ibility of the review process; these issues are appli-
cable to any systematic review, with or without a
meta-analysis).

A highly credible review-—one that hag'adhered
to methodologic standards—may nevertheless leave
us with only very low confidence in estimates of
effect. Common reasons for this include the follow-
ing: the individual studies may be plagued by high
risk of bias and inconsistent results, even the poaled
(combined) sample sizes may be small and the
results may be imprecise, and the patients enrolled
in the studies may differ in important ways from
those in whom we are interested. This chapter deals
with credibility assessment of the review process;
the next chapter {(Chapter 23, Understanding and
Applying the Results of a Systematic Review and
Meta-analysis) will guide you in deciding how much
confidence we can place on estimates of effect in the
presence of a credible review process.
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Was the Search for Relevanl Stndies Deiailed
and Fxhaustive?

Systematic reviews are at risk of presenting mis-
leading results if they fail to secure a complete, or at
Jeast representative, sample of the available eligible
studies. To achieve this objective, reviewers search
bibliographic databases. For most clinical ques-
tions, searching a single database is insufficient and
can lead to missing important studies. Thercfore,
searching MEDLINE, EMBASE, and the Cochrane
Central Register of Conirolled Trials is recom-
mended for most clinical questions.” Scarching
other databases may be required, depending on
the nature of the review question. The system-
atic review atithors check the reference lists of the
articles they retricve and seck personal contact
with experts in the arca. It also may be important
to cxamine recently published abstracts presented
at scientific meetings and to look at less frequently
used databases, including those thal summarize
doctoral theses and databases of ongoing trials held
by pharmaccutical companies or databases of ongo-
ing regislered trials,

Anacther important source of unpublished stud-
jcs is the US Food and Drug Administration (FDA)
reviews of new drug applications. A study that
evaluated the risk of dyspepsia associated with the
use of nonsicroidal anti-inflammatory drugs {ound
that searching FDA records yiclded 11 trials, of
which only 1 was published.® Another study of FDA
reports found that they included numerous unpub-
lished studies, and the findings of these studies can
appreciably alter the estimates of effect.? Unless the
authors of systematic reviews tell us what they did to
locate the studies, it is difficult 10 know how likely it
is that relevant studies were missed.

Reporting bias occurs in a number of forms,
the most familiar of which is the failure to report
or publish studies with negative results. This pub-
lication bias may result in misleading results of
systematic reviews that fail to include unpublished
studies. !0 '

If authors inclnde unpublished studies in a
review, they should try 1o obtain full reports, and
they should use the same criteria to appraise the risk
of bias of both published and unpublished studies.
"Lhere is a variety of techniques available to explore

the possibility of publication bias, but none of them
are fully satisfactory. Systematic reviews based on a
small number of studies with limited total sample
sizes are particularly susceptible to publication bias,
especially if most or all of the studies have been spon-
sored by a commercial entity with a vested interest in
the results.

. Another increasingly recognized form of report-
ing bias occurs when investigators measure a num-
ber of outcomes but report only those that favor

the experimental intervention or those that favor the !

intervention most strongly (selective outcome report-
ing bias). If reviewers report that they have success-
fully contacted authors of primary studics and were
assured of the full disclosure of  results, concern
about reporting bias decreases.

Reviewers may go even farther than simply
contacting the authors of primary studies. 'lhey
may recruit these investigators as collaboratoss in
their review, and in the process, they may obtain
individual patient records. Such individual patient
data meta-analysis can facilitale powerful analyses

-
it

{addressing issues such as trué-intention-to-treat
analyses and informed subgronp analyses), which
may strengthen the inferences from a systematic
review.

Was the Risk of Riag of ithe Privuary
Siurlies Assessod?

Even if a systematic review includes only RCT,
knowing the extent to which c,xch individual trial
used safeguards against bias is impaTtant. Differences
in study mecthods might explain important differ-
ences among the results.’? For example, Jess rigorous
studies sometimes overestimate the effectiveness of
therapeutic and preventive interventions.'® Bven if
the results of different studics are consistent, defer-
mining their risk of bias is still important. Consistent
results are less compelling if they come from studics
with a high risk of bias than if they come from stud-
tes with a low risk of bias.

Consistent results from observational studies
putatively addressing treatment issues also should
raisc concern. Clinicians may systematically select
patients with a good prognosis to receive therapy,
and this pattern of practice may be consistent
over time and geographic setting. There are many
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EMF Hypersensitivity

DIFFERENTIATION OF IEI

IEI cases with EMF attributed symptoms needs to be differentiated from other IEI cases:

a) there should be a search for a symptom cluster: Present studies were very
valuable in determining groups of self-declared EHS cases. There is a need not
to restrict the attempt to self-declared EHS cases but to study the group of IEI
on a broader scale, e.g. by hypothesis-based studies of symptom groups
according to the' frequency of occurrence or symptom-trigger by specific
sources.

b) there is a need to define IEI inclusion/exclusion criteria, e.g. definitions based
on baseline tests for characterizing the status of the autonomic nervous system
and the psychological/ psychiatric status.

PROVOCATION STUDIES

causal relationship. For proper design, apart from ethical considerations, the following
aspects need to be considered:

- differentiation bletween potential electromagnetic versus psychological/
psychophysiological impact by adequate tests

- double-blind placebo-controlled crossover design

- inclusion of an. appropriate psychiatric control group exhibiting similar
symptoms (e.g. anxiety, affective disorders, somatoform reactions, etc.)

- inclusion of a positive control factor, e.g. other environmental stressors like
sound, flickering light or mental stress

- accounting for potentially different individual reaction onset/recovery time
constants

- characterization of provocation conditions, including the duration of exposure
and the duration of washout times

- measurement of the EMF background level (which should be well below the
provocation level)

- consideration of person’s belief/ experience when choosing provocation factors
(e.g. fields, exposure time)

23
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EMF Hypersensitivity

- use of well documented and validated questionnaires and test procedures with
preference given to yes/no questions (such as the Minnesota MMPI-2 test
protocol or the SCL-90R- symptom checklist)

- neuropsychological testing before and after exposure

- consideration of appropriate signal characteristics, e.g. frequency, modulation
and intensity

There is a need to harmonize protocols and establish multinational/ international
cooperation.

EPIDEMIOLOGICAL STUDIES

For the time being, epidemiological studies are not considered helpful. The reasons for
this are the following:!

- the definition of “cases” is still lacking

- possible device-specific reactions could be missed because of the different
devices encountered in daily life

- exposure level might not necessarily be a selection criterion for exposure groups

(iii) Report on policy options, communications with IEI individuals and
recommendations to national authorities

Rapporteur: Jill Meara, National Radiological Protection Board, United Kingdom
Participants: Pavel Sistek, National Reference Laboratory on Non-lonizing EMF,
Czech Republic
Wendla Paile, STUK - Radiation and Nuclear Safety Authority, Finland
Fabriziomaria Gobba, University of Modena & Reggio Emilia, Italy
Christopher Muller, ergonomie & technologie (e&t) GmbH, Switzerland
Emilie van Deventer, World Health Organization, Switzerland

INFORMATION FOR GENERAL PUBLIC

WHO to develop a general fact sheet that includes the following points:

- range of symptoms of TEI
- no attribution of causality to EMF

- do not include prevalence of EHS but rather prevalence of the different
symptoms (and longstanding history of these) in general population

24
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LK McKnight, PD Stetson, S Bakken, C Curran, )] Cimino. Perceived Information Needs and
Communication Difficulties of Inpatient Physicians and Nurses. Proceedings, AMIA Annual
Symposium, 2001. pp.453-8. Republished in JAMIA 2002(9):6 564-9.

PD Stetson, LK McKnight, S Bakken, C Curran, TT Kubose, J] Cimino. Development of an Ontology
to Model Medical Errors, Information Needs, and the Clinical Communication Space. Proceedings,
AMIA Annual Symposium, 2001. pp.672-7.

LLK McKnight, PL Elkin, PV Ogren, CG Chute. BARRIERS TO THE CLINICAL
IMPLEMENTATION OFF COMPOSITIONALITY: A Usability Study of YATN. Proceedings, AMIA
Annual Symposium. 1999. pp.320-4.

LK McKnight, PD Stetson, ES Chen, J} Cimino. Improving Clinical Communication with a Virtual
Whiteboard. Proceedings, AMIA Annual Symposium, 2002. p.1102.

PD Stetson, LK McKnight, ES Chen, ]] Cimino. Design of a Web-Based Care Team Scheduler for
PalmCIS. Proceedings, AMIA Annual Symposium, 2002. p1172.

ES Chen, LK McKnight, PD Stetson, J] Cimino. Issues in Developing Clinical Applications for the
Wireless Environment. Proceedings, AMIA Annual Symposium, 2002. p.995.

LK McKnight, PH Goodman. APPLYING THE PRINCIPLES OF NATURAL SELECTION TO
STATISTICAL ANALYSIS: Using a genetic algorithm to discover important interactions among
clinical predictors of death. Journal of Investigational Medicine. 1995. p.184A.

Other Talks and Presentations:

S ol

A primer on Support Vector Machines. Departmental Conference, 12/2002.

Perl as a Component Model. Advanced Software Engineering Course, 12/2002.
Introduction to Unsupervised Learning. Methods in Medical Informatics Course, 4/2002.
Introduction to Supervised Learning. Methods in Medical Informatics Course, 4/2002.
Patients and the Internet. Internal Medicine Division Conference, 2/2002.

A Financial Analysis of PalmCIS. Economics of Medical Informatics Course, 12/2001.

Undergraduate Thesis:

1.

LK McKnight. Vehicle Sequencing for Open Paint Systems. GMI Press, 1989.
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Anffnnaﬂxry

1" "Emergency and Repairs:
powws outages, gas leaks of cdors, and sstely -hazaids relsied to PEC
Equipment. For ol otfwet busingss, call 1-800.424.4000

1-900-8:41-4 141, This is the numbes f0.c3ll to repe

. .g\é W Page 1
. “\y"ts\” s o
Name: LAWRENCE MCKNIGHT NN R S P oY
Account Number: 8990001202 PRI N
Phone Number:  610-453-1031 | PR
Service Address: 258 HEYBURN RD, CHADDS FORD of o M 4
b v o>y f“ Ve U
LR
Billing Summary o | _ L) ;}
Bill Date ’ 09/26/2016
Thank you for your paymont of $227. 92
Thank you for your paymient of $261.02
Thank you for your payment of $238. 14
Thank you for your paymont aof $200.60
Thank you for your payment of $273.80 g ‘\ ,} ?
Estimated bill (\ ﬂl 4 /V, KL ke $-116.12
Estimated bill 0=ty 2 / o5 7 $-120.02
Total Other Charges J C 20} 17 - 24 $-236.14
. | 440]1%

Current Period Charges ' A /4 )

Elegtric ! $165.92
Yotal Now Charges | $165.92
Total Amount Due on 10/18/2016 | $0.00
Your remaining excess credit is $759.76

|
General Information o j Message Centor
L o tdco
00, 2 trece, . PA 181031380, If you hene -
any questions or concores, Pl el 1-800-454-4000 w«::’he dus dsto :isweo z:tsr Resdm.

St i Miguana pregunts, fovoe de llamar a nimen 4-860-494.4000 sntes de

ta facha de verciniento |
1
Customer Scif Scrvice - Managa Your Accowﬁ 0T
- www_peco.corrfeblt - Go praprdess sonnie and pay yovr B
- YWW. D000 COMMaRIVice - Slart, slop snd lrarsier your sendce
- WNW.DRCO COMVSmantdens - Saw energy snd fnunvy
- Pay by phorn weh croadehe cxd &t 1-877-432-D384 ($2.35 fae)

Conttact Your Electric Supplior: !

Trink Encrgy, PO, Box 27034, Lehygh Walley, PA 18002, B65-252-0078
i
I

WWhan gaying in parsan, pkisad bring tha @vio bit

New charges contan estimsted fotal sl bars of $8.02, induding $5.79 (or
Sate Groes Rocapts [ax

You! estmated ekctric price o compate is $0.0778 per KA Thi muy
clange in March, June, Seplerrber ond Owcembes. For more Sifarmrston and
Suppiier Bas wet Wwarwy. PAPOVR Swilch.com and waww.oca s1ats 3 .us.

Yeisr Totat Accourt Balance of $.759.76 nrtudes your Tatal Amaunt Dua
and ! other Arrangement/Agreement balanees that are on this poceunt

Cradn balsmes 0n this b0 wil be apeded to your next standard bill,

This bib for destric sarvice covers an edendad poriod of tima Qur neemnial hdl
pesiod s 28 to 35 duys.

{contnued on nexi page)

Rv(umo ¢ ths poston w'h you chet sxade pozab © FECO. Preose wine your sccount number on yout chiecd,

To pty by phone call 1-877-432-0384.
A conventence foe will apply.

D Chack hrs to anroil in Pawes Pay automatic
% PECO. ALGOuRE GHDI AN cOmPiste form on ravaras side,
A Exrlon € repany { | Ghock frdre to plede 2 danation to MEAF and

compmn torm on rovarse skia,

N7 0 AVO3T3 TAUTG TAORBIR? 124V PLiimy et izn1d
R URTR TR BT RT R I | L L R TR

LAWRENCE MCKNIGHT .
258 HEYBURN RD ,
CHADDS FORNPA-19317.9700 ,

|

PECO ~ PAYMENT PROCESSING -
PO BOX 37620
PHILADELFPHIA PA 18101-0628

bi"l“||||u'l|'ol“||u|l""'"'l'"h;Iullulul"lll]""l'u

Acoount Numder Payment Reacpt Stam
89900-01209
Vuatient Anoan
i *
Please pay this
amount by 10/18/2016 $0.01

699000120900000000062920000009



