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Disruption more important than suppression….. 

Phase delay in onset  
of nocturnal rise  

Suppression of  
nocturnal rise 

Slide from Reiter CwL Conference 2004 

Nocturnal production of melatonin  



Constant exposure to LAN can fully suppress nocturnal melatonin 
In contrast, MF exposures reduce melatonin by typically 7 – 14% 

Slide from Reiter CwC Conference 2004 

Effect of light-at-night on melatonin 



Dose response for light 
 

Zeitzer et al. J Physiol (2000) 526, 695-702 



Melatonin 

 Melatonin, a key component of circadian rhythms, is 
produced in the pineal gland mainly at night when light 
levels fall below ~200 lux 
 

 Stevens (1987)1 proposed that exposure to light-at-
night and EMF may increase breast cancer risk, by 
melatonin disruption 
 

 For many years it was assumed that nocturnal 
production in the pineal gland was the chief source of 
melatonin in man. However, melatonin has been found 
in multiple extrapineal tissues, including placenta, where 
it is also synthesised2,3. 

*N-acetyl-5-methoxytryptamine 

1Stevens 1987. Am. J Epidemiol. 125:556-61.  
2Dario Acuna-Castroviejo et al Cell. Mol. Life Sci. DOI 10.1007/s00018-014-1579-2 
3Lanoix et al 2008 J. Pineal Res. 45:50–60 



*Wever 1979. The circadian system of man. In: Results of Experiments Under Temporal Isolation. Schaefer KE, ed. Springer-Verlag, New York 

Wever (1979)*: In a long series of experiments, human 
volunteers were exposed for several weeks to 10 Hz square 
wave electric fields of only 2.5 V/m. The 24 h circadian 
rhythm was disrupted. Volunteers were immediately 
entrained to the external signal. Effect lasted for a few 
days, indicating E-fields acting as zeitgebers 

Electric fields also affect circadian rhythms in humans 



Magnetic field disruption of melatonin, pineal 
cells, cryptochromes and circadian rhythms 

 on pineal cells 
 Small but detailed literature – action in synthesising melatonin 

disrupted. Some animals have MF compass in the pineal gland 
 

 in animals 
 Most effects observed with non-smooth AC MFs 
 Strong findings in cows with “real” EMFs1 
 

 in humans 
 Not revealed in volunteer short exposures to pure AC MFs  
 Seen in populations exposed to “real” EMFs2 – down to 0.2 µT 

 
Circadian rhythms are controlled by Clock genes  
       – the Cry genes code the Cryptochrome3 protein molecule in 

the eye, which in turn is involved in the regulation of 
circadian rhythms. 

 
  Cryptochrome acts as the magnetic compass in animals 

2Henshaw & Reiter 2005 BEMs Suppl 7:S86-S97 
3Evolved ~2.5 bn years (Gu 1997 Mol Biol Evol 14:861-866)  

Interactions of the post-ganglionic 
sympathetic neuron with the pinealocyte 
and the synthesis of melatonin. Each of 
the numbered sites has been reported 
to be influenced by magnetic Fields1. 

1Burda et al 2009.  ELF-MFs disrupt magnetic alignment of 
ruminants. PNAS 106:5708-13. 



I will discuss two reviews on MF and melatonin  

1. Henshaw DL, Reiter RJ. 2005. Do magnetic fields cause increased risk of childhood 
leukaemia via melatonin disruption? Bioelectromagnetics Supplement 7:S86-S97. 
 

2. Touitou Y, Selmaoui B. 2012. The effects of extremely low-frequency magnetic fields on 
melatonin and cortisol, two marker rhythms of the circadian system. Dialogues Clin Neurosci. 
14:381-399. 

 
 

 
1. Plasma melatonin - levels in blood at any one time can me measured from 

blood samples 
 

2. Integrated measurements - urinary concentrations of the primary melatonin 
metabolite 6-sulfatoxymelatonin, using commercially available 
radioimmunoassay – a measure of total night-time melatonin 

 

How do you measure melatonin in the body? 



Henshaw & Reiter 2005 Bioelectromagnetics &:S86-S97 

EMF → 

EMF → 

EMF → 



Henshaw & Reiter 2005 Bioelectromagnetics &:S86-S97 

EMF → 

EMF → 

EMF → 



Conclusions from Henshaw & Reiter 2005  
 Studies with comparatively small numbers of volunteers acutely exposed short-term to laboratory-generated smoothly-

varying fields did not in general reveal signs of melatonin disruption. 
 

 In contrast, studies with a comparatively large number of subjects exposed to an admixture of electric and magnetic 
neighbourhood fields tended to show melatonin disruption. Disruption with MFs as low as 0.2 µT was observed.   
 

To explain these findings, we suggested: 
 

I. In volunteer experiments, the relatively small numbers (e.g. <10) limit the ability statistically to resolve 
changes in melatonin secretion against the natural variations between individuals;  
 

II. Volunteer exposures have tended to be for short periods compared with chronic exposures in real populations 
(the evidence in animals suggests that several days or weeks of exposure are required before effects on 
melatonin secretion become manifest);  
 

III. Laboratory generated exposures may not contain features such as transients or rapid on/off changes in MFs 
which have been shown effective in demonstrating melatonin suppression in animals;  
 

IV. Volunteer studies have not included exposure to electric fields which may also be a factor in melatonin 
disruption. 

None of the studies reviewed had taken account of possible exposure to light-at-night 



Conclusions from Henshaw & Reiter 2005 contd. 

Touitou et al. 2003, Magnetic fields and the melatonin hypothesis: A study 
of workers chronically exposed to 50-Hz magnetic fields. Am J Physiol 
Regul Integr Comp Physiol 284:R1529–R1535. 

 
30 subjects: 15 exposed; individual exposures ranged from 0.1 to 2.6 µT 

and 15 unexposed (controls): individual exposures ranged from 0.004 to 
0.092 µT. 

 
1. The comparison of subjects exposed to fields from 0.1 to 0.3 µT (n = 6) 

with controls (n = 15) did not show any significant difference between 
these two groups.  

2. Neither did the subjects exposed to >0.3 µT (n = 9) (Fig. 2) 
 

 

One, well conducted study no showed statistically  
significant evidence of MF melatonin disruption:  

Fig. 2. Nocturnal plasma melatonin  
profiles chronically exposed to 50-Hz, >0.3 µT  

and control subjects. 



Main conclusions [on melatonin suppression]: 
 

 Data from the literature reviewed here are contradictory.  
 

 We have demonstrated a lack of effect of ELF-EMF on melatonin  
    secretion in humans exposed to EMF (up to 20 years’ exposure) which  
    rebuts the melatonin hypothesis [Touitou et al. 2003].  

Review by Touitou & Selmaoui  2012. Dialogues Clin Neurosci. 14:381-399: 
 

“The effects of extremely low-frequency magnetic fields on melatonin  
and cortisol, two marker rhythms of the circadian system” 



11 Studies reporting decreased melatonin  

MRI exposed 

22 Studies:  
“no effect” 



Observations: 
These tables show 11 studies with MF effects in melatonin suppression  
Average number of subjects = 150 (range 44 – 416) 
 
And 
 
22 studies which show “no effect” 
Average number of subjects = 42 (range 7 – 242) 
 
About three times fewer subjects in studies showing “no effect” 
 
So, is there a resolving power issue? 
 
 
 
 
 
 
 



Sack et al 1986 J Pineal Res 3:379-388 

Minimum number of subjects needed to resolve  
change in melatonin with 95% confidence: 

% change  Number 

10 116 

20 26 

Consider the natural subject-to-subject variation in  
morning urinary concentrations of 6-sulfatoxymelatonin 



Other observations on Touitou & Selmaoui  2012  
from the 22 studies said to show “no effect” 

 Touitou et al say "no effect" without further explanation 
  
 1. Wilson et al 1990, Graham et al 2001 and Juutilainen & Kumlin 2006 all do show effects in one of the 

exposure scenarios and in each case this is made clear in the abstract; 
 
 

 2. Crasson et al 2001 shows reduced melatonin with a p-value of 0.08. Cocca et al 2005 shows reduced 
melatonin with OR = 2.6, but this is not significant (95% CI = 0.4 to 15.7) 
 
 

 3. The title of the paper by Akerstedt et al 1999 is "A 50-Hz electromagnetic field impairs sleep" and this 
indeed is what they report. Griefahn et al 2002 report heart rate differences. 
 
 

 4. Youngstedt et al 2002 using 242 subjects with a mean age of 67.6 +/- 5.7 years found no melatonin 
reduction with electric bed sheets. However, the mean exposure was only 0.1 +/-0.014 µT and none of the 
studies have indicated melatonin reduction with fields below 0.2 µT. So, this is a consistent finding. 
 
 

 5. Schiffman et al 1994 is an MRI exposure and Clark et al 2007 mainly RF from radio transmitters. These 
are out of remit of the title of Touitou & Selmaoui 2012: "The effects of extremely low-frequency magnetic 
fields on melatonin and cortisol, two marker rhythms of the circadian system". 

 
 Touitou et al. 2003 – based on 15 exposed and 15 controls has limited resolving power 



Conclusion from Touitou et al. 2003 
 
 Studies purporting to show “no effect” on melatonin 

suppression often find evidence of disruption in some 
scenarios 

 Many studies have limited resolving power 
 

Overall, the conclusions in Henshaw & Reiter 2005 
remain unchanged 



Overall conclusion 

 Overall, studies of MF disruption of melatonin and 
circadian rhythms are inconsistent with no effect 

 
 and are consistent with effects from chronic 

exposure to neighbourhood fields. 
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