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Introduction 

This past July, a highly regarded research team from Sweden led by Dr. Lennart 
Hardell reported that the risks of developing a tumor on the hearing nerve from using 
cellphones regularly for more than two decades are greater than previously reported 
[1].  The team found those who used cell phones for the most years or the most hours 
developed larger hearing nerve tumors than those who had the least year or least 
hours of use.   

The medical term for a hearing nerve tumor is acoustic neuroma.  Six previous 
studies [2-7] have found that cellphone use increased the risk of developing   acoustic 
neuromas.   A Korean study published a month later affirmed Hardell’s findings that 
those who used cell phones for longer periods of time develop larger acoustic 
neuromas than shorter term users [8]. 

This exposition explains why we can conclude that wireless phone use (cell & 
cordless) unequivocally cause acoustic neuromas. 

Figure 1 shows the location of an acoustic neuroma. 
 

The Hardell team is the only team in the world to have studied people that have used 
cell phones for between one to two decades or more.  Their latest findings, 
summarized below, strengthen the case for inferring causation between longer term 
cell phone use and the development of acoustic neuroma:   

• Their study design constitutes the most comprehensive review of the topic 
ever carried out.  Ten years of acoustic neuroma data collection were 
pooled together (1997-2003 and 2007-2009).  By comparison the 13-country 
Interphone study collected data on acoustic neuromas between years 2000 and 
2004 [4] (with a weighted average data collection period of 2.7 years amongst 
these 13 countries [9]. 

                                           
1 Lloyd.L.Morgan@gmail.com; 510 841-4362 
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• Risks are reported for 1st (analog), 2nd (GSM2) and 3rd (UMTS3) generation 
cellphones known colloquially as “Smart Phones,” and for DECT4 cordless 
phones.  This is the first time risks are reported for the third generation 

cellphone, albeit with sparse data. 
 

 
Figure 1: An acoustic neuroma is a growth of cells surrounding the hearing nerve.  
Allowed to grow it will commonly cause deafness and it eventually invades the space 
between the brain stem (pons) and the cerebellum5, which can result in the 
compression of these most vital portions of the brain. In such a case the results will 
be far more severe than deafness. 
 

                                           
2 GSM:  Global System for Mobile Communications, originally Groupe Spécial Mobile became the de facto global 
standard for mobile communications with over 80% market share. 
3 UMTS: Universal Mobile Telecommunications System is a third generation mobile cellular system for networks 
based on the GSM standard. 
4 DECT:  Digital Enhanced Cordless Telecommunications.  Like another important wireless standard, Global System 
for Mobile communication (GSM), DECT uses time division multiple access (TDMA) to transmit radio signals to 
phones. 
5 The cerebellopontine angle 
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• Hardell has more than doubled the longest previously reported time (10 or 
more years), with exposure times of 20 or more years, resulting in the 

strongest evidence yet of an increased risk of acoustic neuroma with 

increased duration of exposure.   

• With increased hours or years of exposure, the size of the tumor increased.  
None of the six previous studies reported tumor size much less increased 
size with increased use. 

 
It is important to note that the Hardell team is also the only team that has reported 

on the risk of acoustic neuroma from cordless phone use along with cell phones, as 
cordless phones emit microwave radiation just like cell phones.  Because other 
studies have ignored cordless phone use, any risk the studies have found 
underestimated the risk of cellphones.     
 

Table Findings Hardell et al, 2013 (sequenced by levels of importance) 
Table I reports risks by years since first use.  Table III reports risks by cumulative 

hours of use.  Table V reports the rate of tumor growth per year since first use and 
the rate of growth for cumulative hours of use.  Table IV reports dose-response6  
findings: the risk increases by year since first use and by every 100 cumulative hours 
of use.  Table II reports risks based on which side of the head where a wireless 
(mobile and cordless) phone was mostly held when used.   
 
Table I Results  

Table I of this Hardell et al study “Pooled analysis of case-control7 studies on 
acoustic neuroma diagnosed 1997-2003 and 2007-2009 and use of mobile and 
cordless phones” examines the risk of acoustic neuroma by years since first use 
broken out into seven categories  (1st generation analog, 2nd generation digital, 3rd 
generation digital, all mobile phones (1st, 2nd and 3rd generation), DECT cordless 
phones, digital phones (2nd and 3rd generation cellphone combined with cordless 
phones), and wireless phones (all phones combined).  Please note that most of the 

cases and controls used more than one type of wireless phone.  With 94% of 

cases using more than one phone type the risk below for a specific phone type 

also includes the risk from whatever other phones a given user may have used. 

For >20 years of 1st generation (analog) cellphones use, there was more than a 
six-fold increased risk (670%8); for all mobile phones the increase risk was more 

                                           
6  Dose-response relationship:  As the exposure increases, the risk increases. 
7  Cases are subject with an acoustic neuroma; controls are subjects without an acoustic neuroma but matched to case 

by age, gender, residence location, date of diagnosis and economic status. 
8 Calculated confidence level is 99.995%. 
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than tripled to 350%9; when a cordless phone was used the risk increased by 550%10; 
for any kind of digital cellphone phone use, there was a seven-fold increased risk 
(710%11); and for any kind of wireless phone use the risk increased by 340%12. 

Not included in Table I, but in the text of the paper, for 10 years or more of 1st 
generation analog cellphone use, the risk increased more than three-fold (320%13); 
for 2nd generation digital cellphone the risks more than doubled by 260%14.   
 

Third generation phones, generally referred to as “smart phones,” were not 
introduced until 2003 resulting in very sparse data in this study.  No case had used a 
3rd generation smart phone for more than 5 years.  It is important to remember that 
it is likely almost every 3rd generation cellphone user, has also used other wireless 
phones and this would contribute to the risks discussed below. 

Nevertheless, for 3rd generation digital cellphone use of >1-5 years the acoustic 
neuroma risk increased by 310%15 compared to a smaller 110%16 increased risk with 
1st generation cellphones; an even smaller 40%17 risk with 2nd generation cellphones, 
and cordless phone more than 6-fold smaller 50% increase risk18. 

The increased risk of acoustic neuroma found in this study after five or less 

years of smart phone use is substantially larger than the risk from either 1st or 

2nd generation cellphones or cordless phones for the same duration of use.    If 
these greater risks of acoustic neuroma from the third generation of smart phones 
occur throughout the population after longer term use, this resultant larger increase 
would bode very badly.   

Meanwhile 4th generation LTE19 cellphones are now in use.  None of these phones 
has been studied prior to their introduction for their possible biological impacts on 
hearing or the brain. We cannot know until much later if 4th generation cellphones 
will be even more dangerous, or not, than previous generations.  
 
Table III Results 

Table III examines the risk for these same seven categories of wireless phones by 
cumulative hours of use.  Table III’s data are presented in 4 quartiles of cumulative 
hours of use (1-122, 123-511, 512-1,486, and greater than 1,486 cumulative hours 

                                           
9 Calculated confidence level is 99.993%. 
10 Calculated confidence level is 99.4%. 
11 Calculated confidence level is 99.7%. 
12 Calculated confidence level is 99.997%. 
13  Calculated confidence level is 92.1% 
14  Calculated confidence level is 97.9%. 
15 Calculated confidence level is 81%. 
16 Calculated confidence level is 99.1%. 
17 Calculated confidence level is 94.6%. 
18 Calculated confidence level is 98.1%. 
19 LTE:  Long term evolution. 
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of use).  Note that 50% of wireless phone use was for less than 512 cumulative hours 
and about half of these users (25”% of all users) had used a wireless phone for less 
than 10 years, or about 8 minutes per day. 

The findings for more than 1,486 cumulative hours of use (about 25 minutes per 
day over a period of 10 years—among 25% of the study subjects) are:  Analog 
cellphone use increased the risk by 560%20; 2nd generation use increased the risk by 
110%21; and for cordless phone use the risk increased by 90%.22  

No 3rd generation phone had been used for 1,486 hours and only a single case had 
used a phone in the 2nd and 3rd quartiles of cumulative hours of use. 
 
Table IV Results 

As with a previous Hardell et al study [10], they found a strong dose-response 
relationship.  Four of the six previous studies of acoustic neuroma did not examine 
if increased exposure increased the risk.  For every year of use of wireless and mobile 
phones the risk increased by 5.6%23 per year and by 6.0%24 per year, respectively. 

 Figure 2 shows how this yearly wireless phone use cumulates over 20 years 
duration of use.  After 20 years the risk of acoustic neuroma triples, and considering 
a 95% confidence range of this result the increased risk would range from between 
a 77% to more than a five-fold risk. 

 

 
Figure 2.  Cumulative risks of acoustic neuroma per year of wireless phone use, 
with 95% confidence intervals (Low to High). 
 

                                           
20 Calculated confidence level is 99.994%. 
21 Calculated confidence level is 98.8%. 
22 Calculated confidence level is 98.4%. 
23 Calculated confidence level is 99.996%. 
24 Calculated confidence level is 99.998%.  
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There are similar dose-response increases of 0.8% and 0.9% for every 100 hours 
of cumulative use.  For cordless phones the risk increased by 2.8%25 per year and 
0.7%26 per 100 hours of cumulative use. 
 
Table V Results 

Table V’s findings report the increase in tumor size by every year since first use 
and by every 100 hours of cumulative use. With analog cellphone use, the tumor size 
increased by 7.4%27 per year and 10.3%28 per 100 hours of use; for wireless phone 
use the size increased by 3.6%29, and by 1.0%30 respectively. For every year of 
wireless phone use the risk of acoustic neuroma increased by 3.6%31.  Again, there 
was no data for smart phones. 
 
Table II Results 

Table II, reported risk of acoustic neuroma on the side of the head where the 
phone was mostly used (ipsilateral)32. On the opposite side of the head where the 
tumor was located is where the phone was mostly not used (contralateral)33.   
Ipsilateral use (tumor on the same side of the head where the phone was mostly held) 
is always higher than contralateral use (tumor on opposite of head where the phone 
was mostly used).  Once again, smart phone ipsilateral use is somewhat higher than 
2nd generation cellphone, but this may not be statistically meaningful.  Additional 
increase tumor size not included in the Table but discussed in the paper was a larger 
tumor size with ipsilateral as opposed to contralateral use when use of 2nd generation 
cellphones and cordless phones were combined.  

In a personal communication greater tumor size increases were also observed for 
ipsilateral use of 2nd generation cellphones and cordless phones of 2.9%34 and 2.1%35 
respectively [11].  This is consistent with Table IV where contralateral increased 
tumor volume was less than the ipsilateral increased tumor volume. 
 

Because, the study defines ipsilateral use as half the time or greater, contralateral 
use also show increased risk.  Given, that if a phone was used 49% of time on the 
side of head opposite to the tumor this constitutes contralateral use, and also given, 

                                           
25 Calculated confidence level is 88%. 
26 Calculated confidence level is 88%. 
27 Published confidence level was 98%. 
28 Published confidence level was 99%. 
29 Published confidence level was 87% 
30 Published confidence level was 92%. 
31 Calculated confidence level is 87%. 
32 Ipsilateral use was defined as greater than or equal to 50% of the time. 
33 Contralateral use was defined as use less than 50% of the time. 
34 Published confidence level was 94%. 
35 Published confidence level was 64% 
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that hearing is impaired prior to diagnosis of an acoustic neuroma such that a user 
with a yet-to-be-diagnosed acoustic neuroma would be inclined to use the opposite 
ear, it is reasonable to deduce that contralateral use would also be found to be a risk, 
albeit less of a risk, than ipsilateral use. 

The latency or average time from first use of a phone and the diagnosis of acoustic 
neuroma was 9 years (personal communication, Dr. Hardell, June 2, 2013). 
 
Results from Previous Studies Compared with Hardell et al (2013) 

As noted above, the Hardell team is the only team that has reported on the risk of 
acoustic neuroma from cordless phone use and with two decades of total use.  In 
2002 Hardell’s team was also the first to report a risk of acoustic neuroma from 
cellphone use [12].  No other study has reported cordless phone results, although one 
stated an analysis was performed, but strangely no results were published [2].  

1. The Swedish Interphone case-control study, published in 2004 found a 
290%36 increased acoustic neuroma risk from ipsilateral use of 10 or more 
years [2].  While this study is a subset of the pooled Interphone study (see 4 
below), it is unique in that it showed the risks for an exclusively Swedish 
population. 

This Swedish study states in the Exposure Assessment section “[W]e 
analyzed whether the use of DECT phones (Digital European Cordless 
Communication) increases the risk of acoustic neuroma,” but does not show 
the data and  makes no further comment about cordless phone either in the 
text or in the tables.  

 
2. A 2006 Hardell team case-control study from Sweden, provides an earlier 

analysis of the same study as discussed above (without the 2007-2009 cases 
and controls) [3], and found for greater than 5-10 years combined cellphones 
and cordless phone use with more than 64 cumulative hours of use from 2nd 
generation cellphones, a 140%37 increased risk (there was insufficient data to 
determine a risk for more than 10 years).   

For cumulative hours of use, in the highest category, >1,000 hours the 
increased risks were the highest for analog, then digital cellphones, and then 
for cordless phone, 410%38, 210%39, and 110%40, respectively. 

                                           
36 Calculated confidence level is 98.8%. 
37 Calculated confidence level is 99.6%. 
38 Calculated confidence level is 99.89%. 
39 Calculated confidence level is 99.8%. 
40 Calculated confidence level is 99.2%. 
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The ipsilateral risk was higher for analog and digital cellphones and for 
cordless phones than on the opposite side (contralateral). The increased risk 
for ipsilateral use was 200%41, 70%42, and 70%43 respectively. 

 
3. A 2010 Japanese case-case study reported a 400%44 increased ipsilateral risk 

of acoustic neuroma for the heaviest users (>20 minutes per day) 45 with higher 
risks for greater years of use prior to diagnosis [4]. 

 
4. The 2010 pooled 13-country Interphone study [5] found for 1,640 or more 

cumulative hours of use a 179%46 increased risk from exposures 5 years prior 
to the date of diagnosis. 

For ipsilateral use after 10 or more years of use combined with 1,640 or 
more cumulative hours the risk of acoustic neuroma increased by 274%47.  For 
ipsilateral use with 1,640 or more cumulative hours of use this study found a 
133%48 increased risk. 

This 13-country pooled study made no mention of cordless phones.  Yet, 
the Interphone protocol states on page 14,  

“In addition, the effects of other possible risk factors and confounding 
variables will be taken into account where appropriate and possible. 
These include: 
• Use of other RF communication devices …” [13].   

Certainly cordless phone use falls into the category “of other RF 
Communications devices”. 

Additionally the Interphone Design and Methods paper states, “The study 
questionnaire covered demographic factors, mobile phone use (detailed 
below), use of other wireless communication devices including cordless 
DECT telephones …”  and it states, “Other wireless applications such as 
cordless phones … are now very common” [14]. 

Thus, the Interphone study recognized that cordless phone use was a 
confounder, and it asked questions about cordless phone use and noted that 
cordless phone use is “now very common.”   Despite this acknowledgement 

                                           
41 Calculated confidence level is 99.9994%. 
42 Calculated confidence level is 98.6%. 
43 Calculated confidence level is 98.6%. 
44 Calculated confidence level is 97.1%. 
45 “Among these 16 persistent heavy users, 15 cases reported more frequent use of the affected ear (9 of 9 left tumor 

cases and 6 of 7 right tumor cases).  The estimated risk ratio based on these 16 cases was 5.0 (95% CI, 1.3–24.8)” 
[4]. 

46 Calculated confidence level is 99.92%. 
47 Calculated confidence level is 99.8%. 
48 Calculated confidence level is 99.2%. 
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of their importance, Interphone treated cordless phone use as a non-exposure 
and has never analyzed their data for cordless phone use. 

This failure to account for cordless phone use results in an underestimation 
of risk of cellphone use.  In other words, all risks reported in the Interphone 
studies are larger than published! 

 
5. A 2013 study, structured on the UK Million Woman study, reported on “risk 

of brain neoplasms and other cancers” found a strong risk of acoustic neuroma 
after just five years of use [6].  For 10 or more years of cellphone use, the risk 
increased by 146%,49 and perhaps even more importantly, the study reported 
there was a statistically significant trend (97% confidence) of increasing 
acoustic neuroma risk with increasing years of use.   

Even when use was only 5 or more years of use, they found an 88%50 
increased risk.  The mean time between first use of a cellphone and diagnosis 
of an acoustic neuroma (latency time) was a surprisingly short 6.0 years [15]. 

 
6. In August 2013 Moon et al published “Association between vestibular 

schwannomas51 and mobile phone use” [8].  It had 119 cases of surgically 
removed tumors and used a combination of case-control, case-case, and case-
only analyses to reports its findings.  As Hardell had found, this study also 
found that increased exposure increased the size of the tumor. They compared 
regular cellphone use52, to non-regular cellphone use and reported a 300%53 
increase in tumor size.  

When they compared light use (less than 20 minutes per day) to heavy use 
(greater than 20 minute per day the tumor size increased by 232%54; 
comparing less than 2,000 cumulative hours of use to more than 2,000 hours, 
the tumor size increased by 273%55.   

When they compared less than 10 years of use with greater than 10 years, 
the tumor sized increased by 176%56. 

They reasoned that the cases with “limited serviceable hearing” would be 
more likely to have an increased ipsilateral risk and reported “When the 

                                           
49 The published confidence level was 97%. 
50 The calculated confidence level is 98.8%. 
51 Vestibular schwannoma is an alternate medical term for acoustic neuroma. 
52 Regular use is at least once a week for at least 6 months. 
53 Published confidence level was 99.6% 
54 Published confidence level was 97.4% 
55 Published confidence level was 99.3% 
56 Published confidence level was 87%. 
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analysis was limited to regular users who had serviceable hearing, laterality 
showed a strong correlation with tumor side (OR=4.5)57.” 

 
7. Using a database from the Central Brain Tumor Registry of the United States 

(CBTRUS), with about 4% of the population of the United States58 they 
reported the average annual percent change (AAPC), for the years 1992-
1999.59  The study found for microscopically confirmed acoustic neuromas an 
AAPC of of 10.2%60 per year.  The authors added that the overall data 
suggested there was modest support for “an environmental cause.” 
 

8. In late May 2011 the World Health Organization’s (WHO’s) International 
Agency for Research on Cancer (IARC) found that radio frequency radiation 
was a Class 2B Carcinogen (possible carcinogen) [17].  Cellphones radiate 
radio frequency (RF) radiation within the RF frequency range called 
microwave radiation, as well as extremely low frequency (ELF) 
electromagnetic radiation. ELF radiation was listed as a Class 2B carcinogen 
by WHO’s IARC 10 years earlier in 2001. 

IARC had convened a Working Group of experts from 14 countries. There 
was a near unanimous support for this finding; 26 of 28 present experts in 
support (one did not vote and one voted for Group 3 – not classifiable). 
Furthermore one expert walked-out prior to the final evaluation61. The paper 
stated, “… the Working Group concluded that the findings could not be 
dismissed as reflecting bias alone, and that a causal interpretation between 
mobile phone RF-EMF exposure and glioma [brain cancer] is possible. A 
similar conclusion was drawn from these two studies for acoustic neuroma 
…”  

 

Bradford Hill Principles for Deducing Causal Relationships in Public Health  
We now turn to the issue of why the evidence is so overwhelming that it can be 

asserted that cellphone use causes acoustic neuroma. 
Sir Austin Bradford Hill’s 1965 seminal President’s Address to the Royal Society 

of Medicine provides a useful framework on whether the available data from an 
environmental exposure is sufficient to state if the exposure is the cause of the 
adverse effects, or only an association [18].  The Address was given in a common-

                                           
57 OR:  Odds Ratio, similar to RR, Relative Risk.  OR=4.5 is equivalent to a 350% increased risk. 
58 The combined populations of the states of Connecticut, Delaware, Idaho, and Montana 
59 Cellphones were first introduced into the United States in the early 1980s. 
60 Published confidence level was >95%. 
61 Peter Inskip, representing the National Cancer Institue (NCI) and lead author of a cellphone study on the risk brain 
tumor study with data from the mid-1990s.  It found no risk was expected because it was too soon after cellphone use 
had begun. 
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sense and often humorous style.  It not only the most cited paper on how to determine 
causation, but is also the most misunderstood. 

Hill provides nine viewpoints that can be used to decide causation but these 
“viewpoints” are usually described incorrectly as “criteria,” which results in a total 
distortion of Hill’s seminal presentation where all criteria must be met to determine 
causation.  

However, in Hill’s own words, “None of my nine viewpoints can bring 
indisputable evidence for or against the cause-and-effect hypothesis and none can be 
required as a sine qua non.” 
 
His 9 viewpoints are: 

1) Strength of the finding.  Strong results are important yet, “In thus putting 
emphasis upon the strength of an association we must, nevertheless, look at 
the obverse of the coin. We must not be too ready to dismiss a cause-and-
effect hypothesis merely on the grounds that the observed association appears 
to be slight. There are many occasions in medicine when this is in truth so.” 

 
2) Consistency:  “I would place the consistency of the observed association. Has 

it been repeatedly observed by different persons, in different places, 
circumstances and times?”   

He then gives a tongue-in-cheek example where consistency may be 
misleading.  “Patients admitted to hospital for operation for peptic ulcer are 
questioned about recent domestic anxieties or crises that may have 
precipitated the acute illness. As controls, patients admitted for operation for 
a simple hernia are similarly quizzed. But, as Heady points out, the two groups 
may not be in pari materia. If your wife ran off with the lodger last week you 
still have to take your perforated ulcer to hospital without delay. But with a 
hernia you might prefer to stay at home for a while - to mourn (or celebrate) 
the event.” 
 

3) Specificity:  “If … the association is limited to specific workers and to 
particular sites and types of disease and there is no association between the 
work and other modes of dying, then clearly that is a strong argument in 
favour of causation.”   

But again, he provides a cautionary note: “One-to-one relationships are not 
frequent. Indeed I believe that multicausation is generally more likely than 
single causation though possibly if we knew all the answers we might get back 
to a single factor.  In short, if specificity exists we may be able to draw 
conclusions without hesitation; if it is not apparent, we are not thereby 
necessarily left sitting irresolutely on the fence.” 
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4) Temporality: “My fourth characteristic is the temporal relationship of the 

association – which is the cart and which the horse?” 
And he cautions, “This is a question which might be particularly relevant 

with diseases of slow development. Does a particular diet lead to disease or 
do the early stages of the disease lead to those peculiar dietetic habits?” 
 

5) Biological gradient: “Fifthly, if the association is one which can reveal a 
biological gradient, or dose-response curve, then we should look most 
carefully for such evidence.” 

 
“Often the difficulty is to secure some satisfactory quantitative measure of the 
environment which will permit us to explore this dose-response.” 
 

6) Plausibility:  “It will be helpful if the causation we suspect is biologically 
plausible. But this is a feature I am convinced we cannot demand. What is 
biologically plausible depends upon the biological knowledge of the day.” 

 
“In short, the association we observe may be one new to science or medicine 
and we must not dismiss it too light-heartedly as just too odd. As Sherlock 
Holmes advised Dr Watson, 'when you have eliminated the impossible, 
whatever remains, however improbable, must be the truth'” [italics in the 
original]. 
 

7) Coherence: “On the other hand the cause-and-effect interpretation of our data 
should not seriously conflict with the generally known facts of the natural 
history and biology of the disease …” 

Once again Hill adds, “In a wider field John Snow's epidemiological 
observations on the conveyance of cholera by the water from the Broad Street 
pump would have been put almost beyond dispute if Robert Koch had been 
then around to isolate the vibrio from the baby's nappies, the well itself and 
the gentleman in delicate health from Brighton. Yet the fact that Koch's work 
was to be awaited another thirty years did not really weaken the 
epidemiological case though it made it more difficult to establish against the 
criticisms of the day - both just and unjust.” 
 

8) Experiment: “Occasionally it is possible to appeal to experimental, or semi-
experimental, evidence.” 
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“The dust in the workshop is reduced, lubricating oils are changed, persons 
stop smoking cigarettes. Is the frequency of the associated events affected?” 
 

9) Analogy: “In some circumstances it would be fair to judge by analogy. With 
the effects of thalidomide and rubella before us we would surely be ready to 
accept slighter but similar evidence with another drug or another viral disease 
in pregnancy.” 

Tongue-in-cheek he writes, “Thus on relatively slight evidence we might 
decide to restrict the use of a drug for early-morning sickness in pregnant 
women. If we are wrong in deducing causation from association no great harm 
will be done. The good lady and the pharmaceutical industry will doubtless 
survive.” 
 

Hill’s coda was “The Case for Action” [italics in the original]: 
“The evidence is there to be judged on its merits and the judgment (in that sense) 
should be utterly independent of what hangs upon it - or who hangs because of it.” 
 
“All scientific work is incomplete - whether it be observational or experimental. All 
scientific work is liable to be upset or modified by advancing knowledge. That does 
not confer upon us a freedom to ignore the knowledge we already have, or to 
postpone the action that it appears to demand at a given time.” 
 

Conclusions 

Seven studies from 2004 to the present reported an increased risk of acoustic 
neuroma from cellphone use including:  

• by years of use (7 studies),  

• by cumulative hours or maximum minutes per day of use (5 studies), 

• with dose-response relationships where increased exposure results in 
increased risk (2 studies),  

• with higher risks on the side of the head where the wireless phone was held 
(6 studies),  

• with the size of the tumor increased with increased exposure (2 studies) and, 

• with a short mean acoustic neuroma latency time 6 or 9 years (2 studies); 
 
Examining these six bullets in the context of the Bradford Hill viewpoints it is 

arguable that all 9 of his viewpoints are met: 
Strength:  While risks have not reached levels found for smoking and lung cancer 
they exist in five studies performed by separate teams from several countries. 
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Consistency:  Not only has it met the expectations of “different persons, in different 
places, circumstances and times,” it also meets what would be expected if cellphone 

are causing acoustic neuroma tumors.  That is, the longer the years since first use, 
the higher the risk; the greater the cumulative hours of use, the greater the risk; the 
higher the radiated power (analog cellphones), the higher the risk; the side of the 
head which absorbs the greatest radiation the higher the risk, and the greater the 
cumulative exposure the larger the acoustic neuroma tumor. 
 

Specificity:  The increased risk is found in those who used wireless phones at a site 
which receives the highest level of microwave radiation.  While one could 
hypothesize another factor (e.g., loud noise), the increase in sound levels has been 
nowhere close to the increase in wireless phone use.  As to other unknown 
confounders, Hill was quite explicit, “If we cannot detect it or reasonably infer a 
specific one, then in such circumstances I think we are reasonably entitled to reject 
the vague contention of the armchair critic 'you can't prove it, there may be such a 
feature'.” 
 

Temporality:  Certainly there are no cases in these studies which were diagnosed 
prior to wireless phone use.   Additionally, though acoustic neuroma is not a 
particularly fast developing disease (diagnoses after an average 6 to 9 years wireless 
phone use began), it is unimaginable that use of a wireless phone would begin as the 
result of having an acoustic neuroma. 
 

Biological gradient:  There is clear evidence that a dose-response relationship 
exists. 
 

Plausibility:  It has been argued that because microwave radiation is not ionizing 
radiation, tumors are not plausible.  However, it has also been shown that microwave 
radiation induces free radicals, which in turn has been shown as a risk for DNA 
damage.   

But Hill’s language has the last word on plausibility, “In short, the association 
we observe may be one new to science or medicine and we must not dismiss it too 
light-heartedly as just too odd. As Sherlock Holmes advised Dr Watson, 'when you 
have eliminated the impossible, whatever remains, however improbable, must be the 
truth'.” 
 

Coherence:  Taken as a body of evidence, the assembled information acoustic 
neuroma and cell phone use provide a generally coherent set of information that 
comports with the generally known facts of the natural history and biology acoustic 
neuroma.   
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Experiment: It would be unacceptable to perform a randomized experiment that a 
significant proportion of the population be restrained from using cell and cordless 
phones.   

But there was a “natural experiment” that does provide evidence that cellphones 
cause acoustic neuroma.  Analog cellphones, now obsolete, were in use for over a 
decade. They radiated 10-100 times the radiation that digital cellphone radiates.  The 
risk of acoustic neuroma is consistently higher from analog cellphone use compared 
to digital cellphone use. 
 

Analogy:  The history of the now well-known but denied for decades carcinogens 
of tobacco smoke, asbestos benzene are the apt analogies.   

Unlike these known carcinogens, the exposures from wireless phones and other 
microwave radiating devices the exposures decreases extremely rapidly as the 
distances from these devices increases62 providing the potential of wireless devices 
being “safe enough” similar to cars, which are not safe, but safe enough. 

Revising Hill’s sentence to the fit this context, “Thus on relatively strong 
evidence we might decide to change the use of wireless devices by providing strong 
warnings again use in close proximity to the body or head and with new designs that 
would preclude use against the head63.  If we are wrong in deducing causation from 
association no great harm will be done. The good people and the telecommunications 
industry will doubtless survive.” 
 
 

The  descriptive epidemiology analyses reported a greater than a 10% increase in 
the Average Annual Percent Change AAPC of the age-adjusted incidence rate of 
acoustic neuroma about a decade after the introduction of cellphones, suggesting that 
annual increase is the result of an environmental exposure 

The World Health Organization IARC review determined that cellphone 
microwave radiation is a possible carcinogen, based on information as of 2011.   
With additional information since 2011 that was not available to IARC several 
experts, including IARC advisor Professor Emeritus, Anthony B. Miller MD, have 
analyzed this new information and have concluded that cellphone radiation should 
be classified a “probable human carcinogen” [19]. 

                                           
70.  The extremely rapid decrease of the intensity of radiation as the distance increase from the source is known as the 
inverse-square law.  For example if a cellphone 3 mm (about 1/8 inch) from the head in normal use, and then the  
distance is increased to 300 mm (about 11/7/8 inch) the absorbed radiation to the brain will decrease 10.000-fold 
(1002=10,000). 
63.  For example, mandating that wireless phones not have a speaker such that holding them to the ear would there 
would be no reason to hold it to your ear.   
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Thus, this latest analysis from Hardell followed-up cases and controls for longer 
periods of time and reports that increasing exposure increased the tumors size.  This, 
combined with the information above, makes the case for concluding that cellphone 
and cordless phone radiation together and separately cause acoustic neuroma, and 
that the more recent use of Smartphones (3rd generation) appears to have a greater 
relative risk of acoustic neuroma after a shorter time period of use than previous 
generations of cellphones. 
 

Finally in the words of the august Sir Author Bradford Hill (with emphasis 
added), “All scientific work is liable to be upset or modified by advancing 
knowledge. That does not confer upon us a freedom to ignore the knowledge we 

already have, or to postpone the action that it appears to demand at a given time.” 
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