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Fact sheet
Mobile phone / health hazards and possible treatment with PEMFs
Background
Cell phones emit radiofrequency electromagnetic radiations. In the USA frequency spectrum ranges from 850 MHz - 1 900 Mz / 1,9 GHz (3 G and 4 G / LTE) and which is covered by the range of low microwaves (1 - 300 GHz). It must be emphasized that radiofrequencies are “non-ionizing”. Ionizing radiation is high- frequency, and therefore has high energy, whereas non-ionizing radiation is “low frequency, and therefore has low energy. PEMF - for example - range from LF/ VLF (low frequencies ELF/Very low frequencies 3 000 - 30 000 Hz,  ULF (300 - 3 000 Hz, SLF (Super low frequencies 30 - 300 Hz and ELF (Extremly low frequencies 0,1 - 30 Hz):
Epidemiology: 
There are almost 450 Million cell phone subscribers in the USA (2019) 
 and prevalence of mobile phone usage among adult and children India or China is 69,8 % (2016) 
 respectively 63,2 % (2015) 
 It is calculated that there are 1 billion more mobile connections than people worldwide or rather 8,98 billion mobile connections worldwide 
. The fraction of people with electrosensitivity / electromagnetic illness has been estimated at between 1 and 5%, and is apparently rising 
,
,
,
,
.
Energy

The mammalian and human body absorbs energy from cellular phones. The dose of absorbed energy is  estimated using a measure called the specific absorption rate (SAR), which is expressed in watts per kilogram of body weight. 
Hazard Cancer
There is currently no consistent evidence that non-ionizing radiation or mobile phones increase cancer risk in humans 
, because cell phones (relatively low freqencies), does not have the energy necessary to break molecular bonds, so it can’t directly cause cancer by mutating DNA like ionizing radiation can. Analyses from the case-control study (Interphone study 
) have shown no statistically significant increases in brain or other central nervous system cancers related to higher amounts of cell phone use. However analysis of data from all 13 countries showed a statistically significant association between intracranial distribution of tumors within the brain and self-reported location of the phone 
. Otherwise self-reported cell phone use (Million Women Study) was not associated with increased risk of glioma, menigeoma, or non-central nervous system tumors 
. Also experimental studies showed an uneven or inconsistent picture: In one study there was an increased glucose metabolism in the region of the brain close the phone compared with tissues on the opposite side of the brain 
. In the other study there was found reduced glucose metabolism on the side of the brain where the phone was used. 
.
Despite or indeed of possible methodological flaws (recall or participation bias, inaccurate reporting) it would be wrong to give the all-clear. Not for nothing the WHO respectively IARC (International Agency for Research on Cancer) classified radiofrequency electromagnetic fields (RF EMF) from mobile phones as “possibly carcinogenic to humans”, based on an increased risk for glioma 

Hazard Headache 
Studies that aimed to investigate the association between mobile phone use and headache or sleep disturbances 
,
  often are described as electromagnetic hypersensitivity or idiopathic environmental intolerance with attribution to electromagnetic fields 
,
,
,
. However, a systematic review and meta-analyses from 2017 (7 cross-sectional studies) reported that mobile phone users had increased risk of headache compared with non-mobile phone users 
. The risk was also increased in those who had longer daily call duration and higher daily call frequency. This is confirmed by studies excluded form metaanalyis which found that the number and duration of cellphone calls were significantly associated with headache (> 6 mobile phone calls > 10 min weekly) 
. Moreover, in a large national cohort study of 420 000 Danish people was found that standardized hospitalization ratios  were increased  by 10 - 30 % for migraine in mobile phone users 
. 
Well, the underlying mechanism remains unclear but there is presumption that breakdown of the blood-brain-barrier due to exposure to low intensity mobile phone frequency microwave energy may be involved 
,
,
,
. Also, the dopamine-opiade system may be involved  in headaches and low intensity electromagnetic energy exposure affects those systems 
,
. But the exact mechanism is still not fully understood. 
Hazard Neuronal damage / Blood brain barrier

The mammalian brain is protected from exposure to potentially harmfull compounds in the blood by the blood-brain barrier (BBB), that is formed by the endothelial cells of the capillaries in the brain with tight junctions between the endothelial cells, leaving no fenestrae. It has been revealed that pulse modulated microwaves at 915 MHz cause significantly increased leakage of albumin through the blood-brain barrier of exposed  rats as compared to non exposed animals 
,
, even at extremely low SAR values 
 . When such a relatively large molecule as albumin can pass the BBB, so too can many other smaller molecules including toxic ones, which may escape into the brain 
. So it could be clarified that autologous albumin injected into the brain tissue of rats leads to damage to neurons at the injection site when the concentration of albumin in the injected solution is as least 25 % of that of blood 
. It is therefore no accident when microwaves (cell phones)  frequencies may elicit highly significant evidence for  a dose-dependent neuronal damage in the cortex, hippocampus (“memory”), and basal ganglia in the brains of exposed rats (12 - 26 weeks / 2 hours a day/ whole body SARs  of 2 mW/kg/ 20 mW/Kg and 200 mW/kg) 
. However, was is much profound is that leakage continued even 8 weeks after the exposure. 

It is particularly alarming and poses a major problem that SAR values around 1 mW/kg give rise to a more  pronounced albumin leakage than higher SAR values (all at non-thermal levels) 
,
. The most pronounced opening-effect of blood brain barrier of a mobile phone may not be in the most superficial layers of the brain, but in central cerebral structures. A SAR value of 1 mW/kg is produced at a distance of more than one meter away from the mobile phone antenna or 150-200 metres from a station 
. But consistent significant effects on cognitive performance of young or old humans are lacking and in provocation studies a causal relation  between EMF exposure and symptoms has not been demonstrated 
. 
Hazard “ Neurological effects” / Cognition / Sleep

There are many studies on human subjects showing changes in brain electrical activities after acute exposure to cell phone radiation. For example it has been reported  changes of the alpha-wave power of EEG 
. The authors reported that effects differed between various cell phone transmission systems (2G but not 3G), whereas others found similar EEG effects 
. There are also studies on the interaction of cell phone radiation on EEG during sleep like changes in sleep EEG and moderate impairments in slow-wave sleep 
,
,
,
. It is especially worth mentioning that mobile phone-like emissions affecting the EEG during non-REM sleep. That’s particularly alarming because the amount of growth hormone secretion was significantly associated with slow wave sleep 
. You know that the majority of tissues, peak rates of protein synthesis and peak rates of cell division coincide with the time of sleep. Growth hormone rapidly stimulates protein and RNA synthesis and amino acid uptake 
 and sleep deprivation and disrupted sleep schedules led to negative nitrogen balance (lower protein turnover) 
.
Behavior: Mice exposed inutero with radiofrequency waves of cellular phones were hyperactive and had impaired memory 
. Low level microwaves (cellular phones) demonstrated DNA damaging effects in brain
 or cognitive impairment and inflammation in brain of rats 
. 
Hazard “Burning sensations” / Skin
The most frequently registered mobile phone related symptoms are sensations of warmth on the ear and behind or around the ear. The skin temperature at the spot with maximal temperature increase was found to be between 36 - 39° C for GSM mobile phones (G2). In a series of case studies there were interviewed people with unpleasant sensations such as burning sensations or dull ache minutes after the beginning of a call. The dull ache might explained by an increased permeability of the blood-brain-barrier and / or by an influence on the dopamine-opiate system 
. But because only 4 % of those with an mobile phone attributed symptom had consulted a physician, this might suggest that the symptoms were not experienced as a serious health problem 
. And because case numbers respectively incidence rates are lacking, burning sensations or dull ache have to be regarded as a less significant problem. Otherwise the hearing system is the most affected target for thermal and non-thermal effects. The auditory system and particularly the cochlear outer hair cells are known to be highly sensitive to a variety of exogenous and endogenous factors. So externally applied microwave frequencies are known to produce some hearing sensation in the ear 
. In one report there was revealed that people who talk on a cell phone for more than an hour a day were found to have suffered losses of high-frequency hearing 
. But there is only limited research date concerning interaction between cell phone use and possible impact on hearing. For example: Based on brainstem evoked audiometry response a 30 minutes of mobile phone use had no adverse effect on the human auditory system 
. Conclusion: there is no evidence of cochleo-vestibular lesion caused by cellular phones 
.
The skin is the organ most exposed to RF-EMF. In experiments with rats, low intensity exposure (<1 mW/cm2) reduced nucleoprotein content in many cells and tissues (nucleoproteins are associated with RNA or DNA like ribosomes, telomerases).Thereafter, marked morphological changes were observed in the receptor and interoceptor apparatuses for skin, including intestinal wall, wall of the bladder, and aorta 

Hazard “Tissue damage”

There remains the question of whether cell phones could damage other cells or tissue. In this context a study with albino rats aroused interest that were exposed to cell phone frequencies for 8 hours a day for 20 days. A microscopic examination of bladder  tissue revealed severe inflammatory cell infiltration in lamina propria and muscle layer and mast cells in contrast to intact urothelium. Another group, that had been also exposed to microwaves 8 hours a day for 20 days and then without exposition to electromagnetic waves of a cell phone, inflammatory cell infiltration was significantly less pronounced 
. Possible conclusion: Intensive use of mobile phones has negative impact on bladder tissue as well as on the other organs.

Specific focus “Radar / Radiofrequency / microwaves” 
Though radar radiowaves (5 - 10 GHz) exceeds the cellular phone level (1,8 GHz), these radiofrequencies and concerns must be addressed because airplains uses radar and the residents of landing paths of airports are likely heavily polluted. But on the other hand these frequencies are also embedded in the pulsed RF/MW of 2.4 MHz - 10 GHz range and effect the entire population. 

You know that in 2016 / 2017 the embassy personnel in Havana, Cuba, developed neurological symptoms, 20 embassy personnel reported persistent symptoms that included cognitive (81 %), balance (71 %), and auditory (68 %) problems, sleep impairment (86%), and headaches 
. Because of there was an unusual noise or sensation of unknown origin it was speculated that they were attacked with an acoustic weapon beamed from outside the embassy. But reported facts indicate that reported features are assessed for compatibility to known effects of radiofrequency / microwave radiation (RF/MW), particularly pulsed RF/MW - a condition that has been termed “radiofrequency sickness” 
, microwave syndrome 
 or to encompass people experiencing problems from exposures beyond a specific part of the electromagnetic spectrum, electromagnetic hypersensitifity 
,
,
,
,
, electrosensitivity 
 or electrohypersensitivity. Similar problems first were recognized in China in April 2018, and “a number of diplomats at the US consulate in Guangzhou, China had been sent home with similar symptoms 
,
.
Some people state that they are able to perceive noises that resemble sounds such as a click, buzz, hiss, knock, or chirp - just as the diplomats in Cuba have done 
. Ability to hear Frey “sounds” is reported to depend on high frequency hearing, and on low ambient noise45 – through a phenomenon termed the “Frey effect.” (Synonyms include “microwave auditory effect,” “RF hearing” and variations of these 
. Other diplomats heard no noises , and were not aware of any inciting episodes – just onset of symptoms 
 .
Evidence for health effects of RF/MW were reported also in 1972 in a Naval report bearing over 2300 citations, many from Russia and Eastern Europe, documented health effects of microwave/RF/MW, emphasizing “non-ionizing radiation at these frequencies” 
. Injury from nonionizing radiation occurs also without measurable heating – nonthermal radiation 
,
,
. It should be noted, however, that the complaints of the embassy staff rely only on media reports and one published neurological evaluation 
. On the other hand: Adult patients with electromagnetic hypersensitivity get a regular magnetic resonance imaging (MRI) brain scan showed abnormalties in the orbitofrontal area, that originated from a history of head injury or an  exposure to potentially neurotoxic chemicals, especially mold 
.
Hazard myelin

Myelin provides the electrical insulation for the central and peripheral nervous system, nourishes neurons and also contains a lot of neuronal stem cells 
,
. So myelin integrity is vital to a healthy nervous system development and functioning. Because of its insulation some important questions arise 
, like can exposure to external radiofrequencies, which create an electrical field in the brain affect natural development and pruning of synapses during human development, and particularly important  in the unborn and very young. In experiments with rats (1 mW/cm2) were found slight morphological changes in the axon-soma and axon-dendrite interneuron connections of the cerebral cortex 
. These effects were reversible, disappearing after 3 to 4 weak. Some reactions were only seen with frequencies below 3 GHz (“mobile phones”). There are also studies indicating involvement of cells or proteins related to production of myelin 
. Data indicate that radiofrequencies might induce neural differentiation in these cells. If myelin sheathing were comprised by repeated or chronic exposures to RF-EMF, one might expect to see an elevation in typical symptoms of demyelination like blurred vison, trunk/limb weakness, numbness, paresthesia, tremor or reduced coordination, memory impairment, reduced concentration or processing speed, depression, irritability, and anxiety 
. 

Unsurprisingly demyelination and electrohypersensitivity have many symptoms in common 
. Those symptoms are often being claimed to be subjective nonspecific, and hard to test objectively. However, these symptoms clearly point to a common, highly specific, biological and behavioural avoidance reaction. For instance, the subjective sensations of tingling in the skin, itching, and heat may all be explained by changes in biochemical markers, especially histamine of the mast cells 
. Because in facial skin samples of electrohypersensitive persons, the most common finding is a profound increase of mast cells 
. When electrically sensitive individuals were exposed to a TV monitor there could be detected a high-to-very high number of somatostatin-immunoreactive dendritic cells as well as histamine-positive mast cells in skin biopsies from the anterior neck 
. The high number of mast cells present may explain the clinical symptoms of itch, pain, edema, and erythema. 
There should also mentioned the Irish Doctors’ Environmental Association (IDEA) 
 that announced “having identified a sub-group of the population who are particularly sensitive to exposure to different types of electromagnetic radiation”. They point out that in observational studies, animals have shown consistent distress when exposed to EMR.
PEMF / QRS
Demyelination: When demyelination and electrohypersensitivity have many symptoms in common, and when in vivo, in vitro, and epidemiological studies show some evidence, shielding or treatment should be focussed mainly on this domain. This is primarly because the CNS (Central Nervous System) of the fetus, infant, child and adolescent, whose myelination is incomplete expecially peripherally, and whose neural connections are rapidly forming and being pruned may be most susceptible, as may that of older people whose myelin protection is already degenerating. Myelin allows the brain to communicate really fast to the far reaches of the body, and that it has endowed the brain with the capacity to compute higher level functions. Meanwhile there is even evidence that myelination may give neurons  an opportunity to branch out and “talk” to neighboring neurons 
. 
It has been shown that extremely low-frequency electromagnetic fields (PEMF) increase the expression and function of Ca++ channels and that an influx of Ca++ (“a second messenger”) plays a key role in promoting the neuronal differentiation of neural stem cells (NSCs) 
. This may indicate a possible option for regeneration therapy 
. Consequently, in a randomized controlled trial, PEMF reduced diabetic neuropathic pain and stimulated neuronal repair 
. Or in animal models of peripheral nerve injury, PEMF induced nerve regeneration 
,
,
,
. And in another trial PEMF (7 - 28 days) significantly reduced the extent of demyelinated area and increased the level of “myelin basic protein” (MBP) staining within the lesion area on days 14 and 28 postlesion. It seems that PEMF potentiates proliferation and migration of neural stem cells and enhances the repair of myelin in the context of demyelinating conditions 
. This is confirmed by other studies in which PEMF promotes adult hippocampal neurogenesis 
.
While industrial high-intensity, extremely low frequency magnetic fields may cause increased risk of different brain disease 
,
, low-intensity PEMFstimulation can lead to profound beneficial effects on CNSA diseases. But not only a stem cell activation must be used as a basis but also an induction of new oligodendrocytes production could be another possible mechanism of action 
.

Impaired sleep Impaired sleep (and probably also due to radiofrequencies)  can be treated by PEMF successfully. In a double-blind, placebo-controlled study with QRS (4 weeks) 70 % of the  patients given active treatment experienced substantial or even complete relief of their complaints (
. The main reason is that the thalamus tunes in the applied alpha-, theta- and delta wave-frequencies. 
QRS-Settings:

For therapy settings you should take high intensity and program basic / 2 times a day / only short duration (16 minutes) to prevent too much diffusion of Ca++ into the cell. 
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