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I.  INTRODUCTION   

The use of wireless digital technology has grown rapidly during the last couple of decades 

(http://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2016.pdf). During use, 

mobile phones and cordless phones emit radiofrequency (RF) radiation. The brain is the main target 

for exposure to radiofrequency (RF) radiation during use of handheld wireless phones; both mobile 

and cordless phones (Cardis et al., 2008, Gandhi et al., 2012). An increased risk for brain tumors has 

been of concern for a long time. In May 2011 RF radiation in the frequency range 30 kHz–300 GHz 

was evaluated to be a Group 2B, i.e. a ‘possible’ human carcinogen, by the International Agency for 

Research on Cancer (IARC) at the World Health Organization (WHO) (Baan et al., 2011, IARC, 

2013). This was based on an increased risk for glioma and acoustic neuroma in human 

epidemiological studies.  

 

The IARC cancer classification includes all sources of RF radiation. The exposure from mobile 

phone base stations, Wi-Fi access points, smart phones, laptops and tablets can be long-term, 

sometimes around the clock, at home, at work place, at school, and in the environment. For children 

this risk may be accentuated because of a cumulative effect during a long lifetime use (Hedendahl et 

al., 2015). 

 

No doubt the IARC classification of RF radiation as a Group 2B human carcinogen in 2011 initiated 

a world-wide spinning machine to misinform about cancer risks and to dismantle the IARC verdict. 

This reminds of similar methods used by the tobacco industry in the evaluation of passive smoking 

(Ong and Glantz, 2000). Manufacturing doubt and sowing confusion is a well-known strategy by the 

industry to defend their products even if they are cancer causing (Michaels, 2008; Walker, 2017). 

 

Thus, in spite of the IARC evaluation little has happened in most countries to reduce exposure to RF 

fields. On the contrary, with new technology increasing environmental exposure levels are found as 

in measurements of ambient RF radiation at e.g. Stockholm Central Station and Stockholm Old 

Town in Sweden (Hardell et al., 2016, 2017). The fifth generation, 5G, for telecommunication will 

substantially increase exposure to RF-radiation.  5G is planned to be implemented in the near future 

before potential hazards for human health and the environment have been fully investigated. This 

should be performed by scientists independent from industry 

(http://www.stralskyddsstiftelsen.se/wp-content/uploads/2017/09/scientist_5g_appeal_final.pdf). 

 

The exposure guideline used by many agencies was established in 1998 by the International 

Commission on Non-Ionizing Radiation Protection (ICNIRP) and was based only on established 

short-term thermal (heating) effects from RF radiation neglecting non-thermal biological effects 
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(ICNIRP 1988). The ICNIRP guidelines were updated in 2009 but still do not cover cancer and other 

long-term or non-thermal effects (ICNIRP, 2009). 

 

ICNIRP gives the guideline 2 to 10 W/m2 for RF radiation depending on frequency. This is only 

based on a short-term immediate thermal effect (ICNIRP 2009). ICNIRP is a private non-

governmental organisation (NGO) based in Germany. New expert members can only be elected by 

members of the organization. Most of the ICNIRP members have ties to the industry that is 

dependent on the ICNIRP guidelines. The guidelines are of huge economic and strategic importance 

to the military, telecom/IT and power industry. 

 

In contrast to ICNIRP, the BioInitiative Reports from 2007, updated in 2012 and 2014, has based the 

evaluation on non-thermal health effects from RF radiation (BioInitiative Working Group 2007, 

2012, 2014). The scientific benchmark for possible health risks was defined to be 30 to 60 µW/m2. 

Thus, in 2012, the Bioinitiative Working Group proposed a precautionary target level of 3–6 μW/m2, 

using a safety factor of 10.  Using the significantly higher guideline by ICNIRP gives a ‘green card’ 

to roll out the wireless digital technology thereby not considering non-thermal health effects from RF 

radiation.  

 

 

II.  RESULTS 

Since the IARC evaluation in 2011 more studies have been published that support a causal 

association between RF radiation and brain and head tumors. In the following an updated summary 

is given of case-control studies on brain and head tumors; glioma, meningioma and acoustic 

neuroma. The Danish cohort study on ‘mobile phone users’  (Johansen et al., 2001; Schüz et al., 

2006) is not included due to serious methodological shortcomings in the study design, see 

(Söderqvist et al., 2012). The study by Benson et al. (2013) is of limited value since use of cordless 

phones were not included, mobile phone use was assessed only at baseline and no information on 

tumor laterality including ipsilateral versus contralateral use were given. In spite of the many 

shortcomings an increased risk for acoustic neuroma was reported. The study will not be further 

discussed below. 

 

 Glioma 

 

Glioma is the most common malignant brain tumor and represents about 60 % of all central nervous 

system (CNS) tumors. Most of these are astrocytic tumors divided into low-grade (WHO grades I-II) 

and high-grade (WHO grades III-IV). The most common glioma type is glioblastoma multiforme 

(WHO grade IV) with the peak incidence in the age group 45-75 years and median survival less than 



 

one year (Ohgaki and Kleihues 2005). Three research groups have provided results in case-control 

studies on glioma, Interphone (Interphone, 2010), Coureau et al., (2014) and Hardell and Carlberg 

(2015). Our study group has published results from case- control studies since the late 1990's on use 

of wireless phones and brain tumor risk  (Hardell et al., 1999), for more discussion, see (Carlberg 

and Hardell, 2017).  

 

Random effects model was used for meta-analyses of published studies, based on test for 

heterogeneity in the overall group (“all mobile”). Note that only our group assessed also use of 

cordless phones. Thus the reference category in our studies included cases and controls with no use 

of wireless phones in contrast to the other studies investigating only mobile phone use. Including 

cordless phone use in the ‘unexposed’ group would bias the risk estimates towards unity. 

 

In Table 1 results for highest cumulative use in hours of mobile phones is given. All studies reported 

statistically significant increased risk for glioma and the meta-analysis yielded odds ratio (OR) = 

1.90, 95 % confidence interval (CI) = 1.31-2.76. For ipsilateral mobile phone use the risk increased 

further to OR = 2.54, 95 % CI = 1.83-3.52 in the meta-analysis based on 247 exposed cases and 202 

exposed controls. Further support for the increased risk of glioma associated with mobile phone use 

has been obtained in additional analyses of parts of the Interphone study (Cardis et al., 2011; Grell et 

al., 2016; Momoli et al., 2017).  

 

We analyzed survival of the patients in our studies and found shorter survival in patients with 

glioblastoma multiforme associated with use of wireless phones compared with patients with no use 

(Carlberg and Hardell, 2014). Interestingly mutation of the p53 gene involved in disease progression 

has been reported in glioblastoma multiforme in patients with mobile phone use >3 hours per day. 

The mutation was statistically significant correlated with shorter overall survival time (Akhavan-

Sigari et al., 2014).  

 

 Meningioma 

 

Meningioma is an encapsulated, well-demarked and rarely malignant tumor. It is the most common 

benign brain tumor that accounts for about 30 % of intracranial neoplasms. It develops from the pia 

and arachnoid membranes that cover CNS. It is slow growing and gives neurological symptoms by 

compression of adjacent structures. Most common are headaches and seizures. The incidence is 

about two times higher in women than in men and meningioma develops mostly among middle aged 

and older persons (Cea-Soriano et al., 2012). The same research groups as for glioma included also 

meningioma in their case-control studies with a separate publication on meningioma by Carlberg and 



 

Hardell (2015). Results of the meta-analyses for cumulative exposure in highest exposure category 

are given in Table 2. In total somewhat, but not statistically significant, increased risk was obtained 

increasing to OR = 1.49, 95 % CI = 1.08-2.06 for ipsilateral use of mobile phone.  

 

 Acoustic neuroma 

 

Acoustic neuroma, also called vestibular schwannoma, is a benign tumor located on the eight cranial 

nerve from the inner ear to the brain. It is usually encapsulated and grows in relation to the auditory 

and vestibular portions of the nerve. It grows slowly and due to the narrow anatomical space may 

give compression of vital brain stem structures. First symptoms of acoustic neuroma are usually 

tinnitus and hearing problems. Results for use of mobile phones in Interphone (2011) and Hardell et 

al., (2013) are given in Table 3. Statistically significant increased risk was found for cumulative 

ipsilateral use > 1,640 h yielding OR = 2.71, 95 % CI = 1.72-4.28.  

 

The study by Moon et al. (2014) was not included in the meta-analysis since data on cumulative 

mobile phone use with numbers of cases and controls were not given. Support of an increased risk 

was seen in the case-case part of the study (Moon et al., 2014), as also reported by Sato et al., (2011) 

in their case-case analysis. Pettersson (2014) made a case-control study on acoustic neuroma in 

Sweden not overlapping our study (Pettersson et al., 2014). An increased risk for highest category of 

cumulative use of both mobile phone (> 680 h OR = 1.46, 95 % CI = 0.98-2.17) and cordless phone 

(>900 hours OR = 1.67, 95 % CI = 1.13-2.49) was found. We did not include that study in our meta-

analysis due to the many scientific shortcomings in the study, e.g. laterality analysis was not made 

for cordless phone and the numbers in the laterality analysis for mobile phone are not consistent in 

text and tables and obviously not correct, and the ‘unexposed’ reference category included subjects 

using either mobile or cordless phone (Hardell and Carlberg 2014).  

 

The Danish part of Interphone study reported mean tumor volume 1.66 cm3 among regular mobile 

phone users and 1.39 cm3 for non-users (p = 0.03) (Christensen et al., 2004). We analyzed 

percentage change in tumor volume per year of latency and 100 h of cumulative use (Hardell et al., 

2013). For all types of wireless phones the percentage of tumor volume increased, statistically 

significant for analogue mobile phones. Moon et al., (2014) reported statistically significant larger 

mean tumor volume for heavy users (11.32 + 15.43 cm3) compared with light users (4.88 + 5.60 cm3) 

based on daily amount of mobile phone use (p = 0.026). Similar results were found for cumulative 

hours of use.  Taken together these results support tumor promotion by RF radiation.  

 

 



 

III.  CONCLUSIONS 

Based on case-control studies there is a consistent finding of increased risk for glioma and acoustic 

neuroma associated with use of mobile phones. Similar results are found for cordless phones in the 

Hardell group studies. The findings are less consistent for meningioma although somewhat increased 

risk was seen in the meta-analysis of ipsilateral mobile phone use. A longer follow-up time is 

necessary for this type of slow growing tumor.  

 

The results on glioma and acoustic neuroma are supported by results from animal studies showing 

co-carcinogenic and tumor promoting effects from RF radiation (Tillman et al., 2010; Lerchl et al., 

2015). Recent results from the National Toxicology Program (NTP) study showed genotoxicity of 

RF radiation in rats and mice exposed to RF radiation (Smith-Roe et al., 2017). That result supports 

previous findings of DNA strand breaks in rat brain cells exposed to RF radiation (Lai and Singh, 

1997).  

 

Interestingly extremely low-frequency electromagnetic field (ELF-EMF) promotes a more malignant 

phenotype in neuroblastoma cells (Falone et al., 2017). ELF-EMF induced a proliferative and 

survival advantage by activating key redox-responsive antioxidative and detoxification 

cytoprotective pathways associated with a more aggressive behaviour of neuroblastoma cells. These 

results support epidemiological findings of late stage glioma carcinogenesis (promotion) from 

occupational ELF-EMF exposure (Turner et al., 2016; Carlberg et al., 2017). 

 

Of importance are also results in the NTP study with increased incidence of tumors of the similar 

types, glioma and malignant schwannoma, as in humans (Wyde et al., 2016). Acoustic neuroma 

(vestibular schwannoma) is a similar type of tumor as malignant schwannoma although benign.  

 

One mechanism in carcinogenesis could be oxidative stress with productions of reactive oxygen 

species (ROS) as summarised by Yakymenko et al., (2016). This could be an indirect mechanism for 

the increased brain and head tumor risk (Megha et al., 2015) since ROS may result in DNA damage.  

 

By now carcinogenicity has been shown in human epidemiological studies replicated in animal 

studies. Laboratory studies on RF radiation have shown increased ROS production that can cause 

DNA strand breaks. In 2013, we published the conclusion that RF radiation should be regarded as a 

human carcinogen Group 1 according to IARC definition, based on scientific evidence (Hardell and 

Carlberg, 2013) further supported in our up-dated article (Carlberg and Hardell, 2017) 
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Clearly also based on the IARC preamble to the monographs, RF radiation should be classified as 

Group 1: The agent is carcinogenic to humans:  

 "This category is used when there is sufficient evidence of carcinogenicity in humans. 

 Exceptionally, an agent may be placed in this category when evidence of carcinogenicity  in 

 humans is less than sufficient but there is sufficient evidence of carcinogenicity in 

 experimental animals and strong evidence in exposed humans that the agent acts through 

 a relevant mechanism of carcinogenicity."  

    

 (http://monographs.iarc.fr/ENG/Preamble/currentb6evalrationale0706.php) 
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Table 1. Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95 % 

confidence interval (CI) for glioma in case-control studies in the highest category of cumulative use 

in hours for mobile phone use. 

 

 All Ipsilateral 

 Ca/Co OR 95 % CI Ca/Co OR 95 % CI 

Interphone 2010       

Cumulative use ≥1,640 h 210/154 1.40 1.03 – 1.89 100/62 1.96 1.22 – 3.16 

Coureau et al 2014       

Cumulative use >896 h 24/22 2.89 1.41 – 5.93 9/7 2.11 0.73 – 6.08 

Hardell, Carlberg 2015       

Cumulative use ≥1,640 h 211/301 2.13 1.61 – 2.82 138/133 3.11 2.18 – 4.44 

Meta-analysis       

Cumulative use ≥1,640 h* 445/477 1.90 1.31 – 2.76 247/202 2.54 1.83 – 3.52 

*≥896 h used for Coureau et al. 

 

 

Table 2. Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95 % 

confidence interval (CI) for meningioma in case-control studies in the highest category of cumulative 

use in hours for mobile phone use. 

 

 All Ipsilateral 

 Ca/Co OR 95 % CI Ca/Co OR 95 % CI 

Interphone 2010       

Cumulative use ≥1,640 h 130/107 1.15 0.81 – 1.62 46/35 1.45 0.80 – 2.61 

Coureau et al 2014       

Cumulative use >896 h 13/9 2.57 1.02 – 6.44 6/4 2.29 0.58 – 8.97 

Carlberg et al 2013       

Cumulative use ≥1,640 h 141/301 1.24 0.93 – 1.66 67/133 1.46 0.98 – 2.17 

Meta-analysis       

Cumulative use ≥1,640 h* 284/417 1.27 0.98 – 1.66 119/172 1.49 1.08 – 2.06 

*≥896 h used for Coureau et al. 

 

 

Table 3. Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95 % 

confidence interval (CI) for acoustic neuroma in case-control studies in the highest category of 

cumulative use in hours for mobile phone use..  

 

 All Ipsilateral 

 Ca/Co OR 95 % CI Ca/Co OR 95 % CI 

Interphone 2010       

Cumulative use ≥1,640 h 77/107 1.32 0.88 – 1.97 47/46 2.33 1.23 – 4.40 

Hardell et al 2013       

Cumulative use ≥1,640 h 27/301 2.40 1.39 – 4.16 19/133 3.18 1.65 – 6.12 

Meta-analysis       

Cumulative use ≥1,640 h 104/408 1.73 0.96 – 3.09 66/179 2.71 1.72 – 4.28 

 

 




