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EXECUTIVE SUMMARY 
 
Melatonin Production 
 
Melatonin is a hormone produced primarily by the pineal gland, located in the center of the 
brain.  Melatonin is evolutionarily conserved and is found in nearly all organisms.  It has 
numerous properties which indicate that it helps prevent both Alzheimer’s disease and breast 
cancer.  There is strong evidence from epidemiologic studies that high (≥ 10 milligauss or mG)*, 
longterm exposure to extremely low frequency (ELF, ≤ 60 Hz) magnetic fields (MF) is 
associated with a decrease in melatonin production(Section II.) 
 
Alzheimer’s Disease 
 
Amyloid beta (Aβ) protein is generally considered the primary neurotoxic agent causally 
associated with Alzheimer’s disease (AD).  Aβ is produced by both brain and peripheral cells 
and can pass through the blood brain barrier. 
 

1. There is longitudinal epidemiologic evidence that high peripheral blood levels of Aβ is 
a risk factor for Alzheimer’s disease (AD).  (Section III.A.) 

2. There is epidemiologic evidence that extremely low frequency (ELF, ≤ 60 Hz) 
magnetic fields (MF) exposure up-regulates peripheral blood levels of Aβ.  (Section 
III.A.) 

3. There is evidence that melatonin can inhibit the development of AD and, thus, low 
melatonin may increase the risk of AD (Section III.B.) 

4. There is strong epidemiologic evidence that  significant (i.e., high),  occupational ELF 
MF exposure can lead to the down-regulation of melatonin production.  The precise 
components of the magnetic fields causing this down-regulation are unknown.  Other 
factors which may influence the relationship between MF exposure and melatonin 
production are unknown, but certain medications may play a role.  (Section II.) 

5. There is strong epidemiologic evidence that high occupational MF exposure is a risk 
factor for AD, based on case-control studies which used expert diagnoses and a 
restrictive classification of MF exposure.  (Section III.C.) 

6. There are no epidemiologic studies of AD and radiofrequency MF exposure and only 
one of non-acute radiofrequency MF exposure and melatonin, so conclusions are not 
yet appropriate.  (Sections III.D and II.)    

 
Breast Cancer 
 
The only biological hypothesis which has been epidemiologically investigated to explain the 
relationship between MF exposure and breast cancer is that high* MF exposure can lower 
melatonin production, which in turn can lead to changes in the various biological systems which 
melatonin influences, including increased estrogen production and subsequent deleterious 
interactions with DNA, and decreased antiproliferative, antioxidant, DNA repair, and immune 
response capabilities.  Thus lowered melatonin production can be expected to lead to increased 
risk of breast cancer.   
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 1. In vitro and animal studies have demonstrated that (i) melatonin is a potent scavenger 

of oxygen and nitrogen radicals that cause DNA damage, (ii) melatonin interferes with 
estrogen’s deleterious interactions with DNA, and (iii) melatonin inhibits the 
development of mammary tumors.  (Section IV.A.) 

 2. Human studies indicate that MF exposure can decrease melatonin production.  (Section 
II) 

 3. Human studies have found that low melatonin production is a likely risk factor for 
breast cancer.  (Section IV.B.) 

 4. Human studies have shown that light-at-night and night shift work reduce melatonin 
production and are both risk factors for breast cancer.  (Section IV.D.) 

 5. Occupational studies indicate that high MF exposure increases the risk of breast 
cancer.  This is particularly true for a recent, large, and well-designed study from 
Poland (funded by the NCI, administered for the NCI by Westat, and conducted by 
Polish scientists).   

 
  A recent, large, and well-designed, Swedish case-control study used a new ELF MF 

job exposure matrix, developed by the same group, which is nearly completely at odds 
with earlier exposure classifications.  The female occupation generally thought to be 
the one with the highest ELF MF exposure (seamstress) was considered to have 
medium-low exposure, while several lower MF exposed occupations were considered 
high.  The case-control study consequently found no risk associated with high MF 
occupations as rated by the new matrix, but did find that seamstresses had a 
statistically elevated risk of breast cancer.  This job exposure matrix is likely 
inappropriate in many important instances and needs to be thoroughly reviewed.  
(Section IV.E.) 

 6. Studies of residential MF exposure and breast cancer have been generally negative.  
Measured residential MF exposure may not be related to actual individual exposure.  
Residential exposure is most often low, is usually not measured in residences that may 
be related to the latency period of breast cancer, does not take into consideration point 
sources of strong magnetic fields which may be related to real exposure, and thus often 
does not relate to actual exposure.  Residential exposure studies are therefore not 
considered to be of importance for the purposes of this report.  (Section IV.F.) 

 7. Quality radiofrequency studies are lacking.  (Section IV.G.) 
 
Seamstresses 
 
As a group, seamstresses have proven to constitute an important occupation for the 
demonstration of a relationship between ELF MF exposure and both Alzheimer’s disease and 
breast cancer.  Seamstresses who use industrial sewing machines have very high and relatively 
constant MF exposure.  This is because the motors of older AC machines are large and produce 
high levels of MFs, and are on and producing such fields even when no sewing is being done.  
The AC/DC transformers of DC industrial machines always produce a high field even when the 
machine is turned off (but not unplugged).  In addition, rooms, in which a large number of such 
machines are used, even have relatively high ambient MF levels.  Home sewing machines 
generally produce smaller MFs, but even these weaker MFs are substantial. 
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RECOMMENDATION  Using the Precautionary Principal, mitigating exposure is a proper goal.  
Mean occupational exposures over 10 mG or intermittent exposures above 100 mG should be 
lowered to the extent possible.  In situations where this is not feasible, the daily length of 
exposure should curtailed.  Lowering MF exposure can be done by improved placement of the 
source(s) of magnetic fields (e.g., electric motors in sewing machines, AC/DC converters), 
shielding, and redesign.  It is clear that re-engineering products can greatly lessen MF exposure, 
and possibly result in important innovations.  It is noted that certain automotive models produce 
medium to high MFs, as do steel-belted radial tires (Milham et al., 1999). 
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I. INTRODUCTION 
 
All of the studies discussed have based exposure classifications using magnetic field (MF) 
measurements, not electric field (EF) measurements.  We separately discuss extremely low 
frequency (ELF, ≤ 60 Hz) MFs and radiofrequency (RF) MFs.  Furthermore, the discussion is 
primarily limited to investigations related to ELF MF exposure as a possible risk factor for 
Alzheimer’s disease (AD), female breast cancer (BC), and the possible biological pathways 
linking ELF MF exposure to AD and BC incidence. 
 
Exposure Concerns 
 
Epidemiologic investigations are sensitive to errors in exposure assessment and errors in case-
control designation.  This is particularly true for MF exposure and for AD classification.  With 
respect to occupational exposures, all job exposure matrices (JEM) are based on the 
measurement of a relatively small number of subjects in each job type.  However, extensive 
measurements have been performed for workers in the electric utility industry and for 
seamstresses.  Note, however, that the Swedish breast cancer study by Forssén et al. (2005) used 
only 5 essentially part-time seamstresses to determine exposure classification (Forssén et al. 
(2004). 
 
The geometric mean MF exposure over the time period of observation is generally used for 
classification.  For ordinal classifications, individual subjects in jobs with mean MF exposure 
measured close to a boundary value, e.g., between low and medium or between medium and high 
MF exposure, will frequently be incorrectly classified.  This misclassification will generally lead 
to bias in the estimated risk towards 1, i.e., no risk. 
 
For residential exposures, which do not include living near high power lines, measurements of 
necessity need to be taken at the current residence.  Measurements are usually taken in several 
rooms at various locations, sometimes with and without electrical equipment turned on, but 
rarely (if ever) with water lines turned on.  Thus, individualized exposures, e.g., sitting near a 
fuse box, being near one or more AC/DC transformers, use of specific brands and models of 
home sewing machines, being near a microwave oven in operation, and a myriad of other point 
sources are missed.  Previous residences are usually not measured.  Consequently, exposure 
classification is problematic for studies interested in risk associated with residential MF 
exposure. 
 
 
*        Unless otherwise specified, ‘MF’ or ‘magnetic fields’ refer to ELF MF fields.  Also, unless otherwise specified, “high” 

MF exposure as used in this report means an exposure of at least 10 mG or (relatively frequenct) intermittent exposure 
above 100 mG, while "medium" exposure is an average exposure of between 2 and 10 mG or (relatively frequent) 
intermittent exposure above 10 mG.  "Long-term exposure" means exposure over a period of years.  Often, other 
researchers used a cut-point of around 2-3 mG, or sometimes even less, as a "high" average.  The reviews of each study 
presented here detail the specific cut-point(s) used. 

 
**  Unless otherwise specified, ‘MF’ or ‘magnetic fields’ refer to ELF MF fields.  Also, unless otherwise specified, “high” MF 

exposure as used in this report means an exposure of at least 10 mG, while  exposure means exposure over a period of 
years. **  
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Diagnostic Concerns 
 
AD is difficult to correctly diagnose.  Non-specialists frequently incorrectly diagnose a patient as 
having AD.  Exposure assessment and case-control classification errors bias the odds ratio (OR) 
estimator, when based on dichotomous exposure classification, towards the null hypothesis.  
When based on three (3) or more classification groups, exposure assessment and case-control 
classification errors in the types of analyses used most likely also lead to bias towards the null 
hypothesis.   
 
 With respect to AD, unless the diagnosis is made by experts, there is a very large 

false positive rate.  That is, community-based physicians often incorrectly diagnose 
dementia (versus depression, for example) and are particularly poor at determining 
the correct differential diagnosis of dementia.  Most subjects with a diagnosis of 
dementia are simply assumed to have AD.  This means that around 40% of all AD 
diagnoses by physicians who are not experts are incorrect.  Diagnostic information 
on death certificates is even worse.  Such a large error in caseness clearly biases the 
OR estimator towards the null hypothesis.  (Many cases of AD go undiagnosed, 
especially early stage AD.  However, this likely does not lead to a significant error 
rate in classification of controls.) 

 
With respect to breast cancer, the sub-type of breast cancer is generally recorded, e.g., 
estrogen receptor positive (ER+) or negative (ER-), which may very well be important 
with respect to MF exposure.  However, sub-group analyses have not usually been 
performed.  

 
Therefore, in reviewing published studies, particular emphasis is placed on these errors or 
caveats.  Studies which assessed occupational exposures and those which assessed residential 
exposures are both discussed.  Various algorithms for “MF exposure” have been used, and these 
will also be discussed.  Not all studies, exposure data, and exposure algorithms are of equal 
value. 
 
For both AD and BC, a possible biological pathway of particular importance is down- regulation 
of melatonin production as a result of longterm MF exposure.  This is discussed in detail in this 
review. 
 
A second possible biological pathway relates specifically to Alzheimer’s disease.  Longterm MF 
exposure may increase the production of amyloid beta (Aβ), both in the brain and peripherally.  
Aβ, particularly the form with 42 amino acids (Aβ1-42), is considered the primary neurotoxic 
compound causing AD.  This pathway was proposed by Sobel and Davanipour (1996a).  Two 
recent epidemiologic studies have provided some degree of confirmation.  Thus, MF exposure 
may be a risk factor for AD through two complementary biological pathways.  (See Sections 
III.A. and III.B.) 
 
There may certainly be other potential biological pathways that will be identified.  For example, 
melatonin interacts with certain cytokines which appear to affect immune responses.  This may 
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be relevant to the early elimination of cells which are either pre-malignant or malignant, thus 
preventing the development of overt breast or other cancers.  However, the two pathways 
outlined above can most easily be evaluated in human studies, both population-based studies and 
clinical trials. 
 
There are also several epidemiologic studies of melatonin production among workers with 
longterm occupational exposure to magnetic fields and a single study of women with high (vs 
low) residential MF exposure.  These studies generally indicate that longterm MF exposure can 
lead to lowered melatonin production. 
 
II. ELF Magnetic Field EXPOSURE and MELATONIN PRODUCTION 

 
Conclusion: Eleven (11) of the 13 published epidemiologic residential and 
occupational studies are considered to provide (positive) evidence that high  MF 
exposure can result in decreased melatonin production.  The two negative studies 
had important deficiencies that may certainly have biased the results.  There is 
sufficient evidence to conclude that longterm relatively high ELF MF exposure can 
result in a decrease in melatonin production.  It has not been determined to what 
extent personal characteristics, e.g., medications, interact with ELF MF exposure in 
decreasing melatonin production. 

 
Eightly-five percent (85%) to 90% of pineal melatonin production is at night.  Laboratory-based 
studies, using pure sinusoidal magnetic fields under experimental conditions have not found an 
effect on melatonin production (Graham et al., 1996, 1997; Brainard et al., 1999).  However, 
several studies among subjects chronically exposed in occupational and residential environments 
have found an effect, while a few have not.  The lack of an effect in laboratory settings may be 
because the MF exposure was too "clean" or because the duration of exposure was not sufficiently 
long, e.g., days, weeks, months. 
 
The evidence indicates that high and  MF exposures may lead to a decrease in melatonin 
production.  Whether this decrease is reversible with a cessation of exposure is unknown.  The 
extent of the decrease is hard to evaluate.  It is also not yet possible to identify individual 
susceptibility to such a decrease in melatonin production. 
 
Melatonin production is generally measured using its primary urinary metabolite, 6-
sulphatoxymelatonin (aMT6s).  Total overnight melatonin production is best estimated using 
complete overnight urine samples.  Creatinine-adjusted aMT6s is slightly more correlated with 
cumulative melatonin estimates obtained from sequential overnight blood samples than is 
unadjusted aMT6s (Cook et al., 2000; Graham et al., 1998). 
 
The human studies in occupational or residential environments which identified an effect are 
summarized below.  
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 Positive Studies  
 

• Assessment in the Finnish Garment Industry  As a follow-up component to a Finnish 
study of MF exposures among garment factory workers, a small study of nighttime 
melatonin production was carried out (Juutilainen et al., 1999).  aMT6s excretion and 
creatinine were measured using complete overnight urine samples.  Seamstresses (n=31), 
other garment workers (n=8), and non-exposed outside workers (n=21) participated.  
Observations were taken using complete overnight urine collections beginning on a 
Thursday night through the first morning void on Friday and on the subsequent Sunday 
night through the first morning void on Monday.  There was very little variation between 
the two time period observations within each group, indicating that if there is an effect of 
MF exposure, it does not disappear over the weekend, at least among seamstresses using 
older industrial alternating current machines.  The average Thursday-Friday non-adjusted 
aMT6s excretion level and the average aMT6s excretion level adjusted for creatinine were 
both statistically significantly lower (p< 0.05) among the workers in the garment factory 
compared to the controls, even after controlling for other factors associated with a 
lowering of melatonin levels: creatinine-adjusted aMT6s - 16.4 vs 27.4 ng/mg; unadjusted 
aMT6s - 5.1 vs 10.0 ng.  There was no indication of a dose-response relationship among 
the garment factory workers.  

 
 In a follow-up study, Juutilainen and Kumlin analyzed the same data in conjunction with 

a dichotomization of a measure of light-at-night (LAN), obtained from items in the 
original study questionnaire concerning use of a bedroom light at night, street lights 
outside the bedroom windows, and use of curtains which do or do not let light filter 
through.  There was a significant interaction between the dichotomized MF exposure 
(high/low, i.e., cases vs controls) and LAN (yes/no).  aMT6s was significantly lower for 
subjects with high MF with or without LAN.  In addition, aMT6s was significantly lower 
among subjects with high MF and LAN exposure versus subjects with high MF and no 
LAN exposure.  Alternatively, aMT6s was essentially identical for subjects with low MF 
exposure, regardless of the LAN status. 

  
• Washington State Residential MF Exposure and Melatonin Study  Women, aged 20 to 74, 

were selected for a study of the relationship of bedroom 60 Hz magnetic field levels and 
melatonin production (Kaune et al., 1997a,b; Davis et al., 2001a).  Approximately 200 
women were recruited based on magnetic field exposure information from a case-control 
study of breast cancer (PI: S Davis).  About 100 women were sought whose bedrooms 
were at the high end of magnetic field level in the original study and about 100 were 
sought who were at the low end.  Concurrent measurements of light at night in the 
bedrooms of these women were also obtained using a specially modified EMDEX II 
system.  Mean magnetic field levels in the two groups differed by less than 1 mG.  Thus, 
compared to MF exposures in many occupations, the women had quite low MF 
exposures.  However, there was an inverse association between bedroom magnetic field 
levels and urinary aMT6s adjusted for creatinine levels on the same night, after adjusting 
for time of year, age, alcohol consumption, and use of medications.  The association was 
strongest at those times of the year with the longest length of daylight and in women who 
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were using medications that themselves were expected to attenuate melatonin production, 
e.g., beta and calcium channel blockers and psychotropic drugs. 

 
• Crossover Trial of MF Exposure at Night and Melatonin Production  Davis et al. (2006) 

conducted a randomized crossover trial among 115 pre-menopausal women with regular 
periods between 25 and 35 days apart, a body mass index between 18 and 30 kg/m2, not 
using hormonal contraceptives or other hormones for at least 30 days before the study 
period, no history of breast cancer, no history of chemotherapy or tamoxifen therapy, not 
having been pregnant or breast-feeding within the previous year, not working any night 
shifts, not taking supplemental melatonin, phytoestrogens or isoflavones, and not eating 
more than 5 servings of soy-based foods within any one week.  MF exposure or sham 
exposure was for 5 consecutive days.  A random half of these women received MF 
exposure and then sham exposure one month later.  The other random half had the 
exposures reversed.  Ovulation was determined in the first, second and third months.  The 
initial exposure (MF or sham) was in the second month during days 3-7 post-ovulation.  
The second exposure (sham or MF) was during the same days in the third month.  The 
charging base of an electric toothbrush which produced a steady magnetic field was used.  
It was placed under the subject’s bed at the head level so that the subject’s head received 
5-10 mG exposure above baseline.  Complete overnight urine samples were collected on 
the night of the last exposure (MF or sham) in each of the two exposure periods.  There 
were 2 subjects who did not ovulate during either exposure month and 13 who did not 
ovulate in one of the two months.  Statistical adjustment was made for age, hours of 
darkness, body mass index, medication use, any alcohol consumption, and number of 
alcoholic beverages consumed.  Because each subject was her own control, these 
adjustments probably did not affect the point estimates much.  A regression analysis was 
undertaken.  The 95% confidence interval (CI) of the regression slope was [-3.0 – +0.7] 
for all subjects and [-4.1 – -0.2] when the 15 subjects with “minor” protocol violations 
were eliminated from the analysis.  These violations were (a) more than 40 days between 
the two assessments, (b) urine collections not on the same post-ovulation day, and (c) 
menstrual period started early.  Only (b) appears to be really relevant because these 
subjects could have had less MF exposure.  However, this information is not provided.  
Separate analyses were conducted for “medication users” (n=14) and non-users (n=101).  
The slope point estimate for the users was numerically smaller (-3.1) than for the non-
users (-1.0).  The authors state that the study “found that nocturnal exposure to 60-Hz 
magnetic fields 5 to 10 mG greater than ambient levels in the bedroom is associated with 
decreased urinary concentrations of (aMT6s)”.  It should be noted that the p-value of the 
slope estimate in the primary analysis (all participants) was greater than 0.05.  However, 
the 95% CI, [-3.0 – +0.7], was quite unbalanced, with 0 being much closer to the upper 
end of the CI than the lower end.  Also, the 95% CI, when the 15 subjects with minor 
protocol violations are eliminated is entirely below 0, and thus the point estimate is 
statistically significant at the 0.05 level.  The authors also state the following: “(t)he more 
pronounced effect of magnetic field exposure on melatonin levels seen in medication 
users and in those with an anovulatory cycle suggest {sic} that individuals who have 
decreased melatonin levels already may be more susceptible to the effects of magnetic 
field exposure in further decreasing melatonin levels.”  The justification for this statement 
is not based on statistical testing. 
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• Residential High Power Lines, MF Exposure and aMT6s in the Quebec City Study  

Levallois et al. (2001) evaluated aMT6s among 221 women living near 735-kV power 
lines compared to 195 age matched women who live far away from such lines.  The 
subjects wore magnetic field dosimeters for 36 consecutive hours to measure their actual 
MF exposure.  The geometric mean 24-hour MF exposure was 3.3 mG among women 
living near a high power line and 1.3 mG among those who did not live near a high power 
line.  Similarly, geometric mean exposure during sleep was 2.9 mG versus 0.8 mG for the 
two groups.  No direct effect of MF exposure on creatinine-adjusted aMT6s was 
identified.  However, living near a high power line and MF exposure interacted with age 
and body mass index (BMI; kg/m2).  Living near a high power line was associated with a 
significant decline in creatinine-adjusted aMT6s among older subjects and subjects with 
higher BMI.  There were similar significant decreases related to age and BMI for women 
in the lowest quartile versus highest quartile.  All analyses were adjusted for age, BMI, 
alcohol consumption in the previous 24 hours, medication use in the previous 24 hours, 
light at night, and education.   

 
• Assessment in the Electric Utility Industry  Burch et al. (1996, 1998, 1999, 2000, 2002) 

have reported on the association between levels of occupational daytime magnetic field 
exposure, non-work MF exposure, and the excretion of total overnight and daytime 
aMT6s among electric utility workers in several studies.  These studies are among the 
largest to evaluate the relationships between MF exposure and melatonin production in 
humans, and are the only studies to use personal exposure monitoring of both MF and 
ambient light with a repeated measures design. 

  
 In their 1996 abstract, analyses were conducted for 35 of 142 electric utility 

workers enrolled in a larger study.  MF exposure was assessed continuously at 15 
second intervals for three 24-hour periods, with logs kept to identify work, sleep 
and other non-work time periods.  Ambient light intensity was also individually 
measured.  Complete overnight urine samples and post-work spot urine samples 
were collected at the same times over the 3 days.  There were statistically 
significant inverse relationships between nocturnal aMT6s levels and log-
transformed worktime mean MF exposure (p=0.013), geometric worktime mean 
MF exposure (p=0.024), and cumulative worktime MF exposure (p=0.008).  There 
was no association, however, between sleep time and other time MF exposure 
levels and aMT6s levels during the daytime or nighttime, even though average 
cumulative MF levels were only somewhat higher during work: 18.3 mG-hours 
(work); 13.1 mG-hours (non-work); 12.6 mG-hours (sleep). 

 
 In their 1998 study, further results related to nocturnal aMT6s urinary excretion in 

relation to MF exposure were presented, using all 142 electric utility workers.  The 
MF exposure metrics were geometric mean intensity, a rate-of-change metric 
(RCM), and the standardized rate-of-change metric (RCMS).  RC was used as a 
measure of intermittence, while RCMS was used as a measure of the temporal 
stability of  the serially recorded personal MF exposures.  Statistical adjustments 
were made for age, month, and personal ambient light exposure.  24-hour mean MF 
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exposure intensity, RCM, and RCMS were not associated with either nocturnal 
aMT6s or creatinine-adjusted aMT6s.  However, there was an inverse relationship 
between residential RCMS and nocturnal aMT6s.  The interaction between 
residential intensity and RCMS was inversely associated with total overnight 
urinary aMT6s excretion and with creatinine-adjusted nocturnal aMT6s excretion.  
There was a “modest” reduction in nocturnal aMT6s with more temporally stable 
MF exposures at work.  The effect on nocturnal aMT6s was greatest when 
residential and workplace RCMS exposures were combined.  The authors 
concluded that their study provides evidence that temporally stable MF exposure 
(i.e., lower RCMS) are associated with decreased nocturnal urinary aMT6s levels.  
Given the strong correlation between cumulative overnight serum melatonin levels 
and both total overnight urinary aMT6s and creatinine-adjusted aMT6s levels, these 
results indicate a reduction in overnight melatonin production. 

 
 In their 1999 study, data from the same 142 electric utility workers were further 

analyzed.  Personal exposure to workplace geometric mean and RCMS were 
evaluated for their effect on post-work urinary aMT6s measurements.  No 
association between creatinine-adjusted aMT6s and the geometric mean MF 
exposure, before or after adjustment for age, calendar month and light exposure was 
found.  However, MF temporal stability was associated with a statistically 
significant reduction in adjusted mean post-work aMT6s concentrations on the 
second (p=0.02) and third (p=0.03) days of observation.  Light exposure modified 
the MF exposure effect.  Overall, there was a significant (p=0.02) interaction 
between RCMS and ambient light exposure.  Reductions in post-work aMT6s 
levels were associated with temporally stable MF exposures among workers in the 
lowest quartile of ambient light exposure (mostly office workers), whereas there 
was no RCMS effect among workers with intermediate or elevated ambient light 
exposure. 

 
 In their 2000 study, Burch et al. examined aMT6s levels among a completely 

different population of 149 electrical workers, 60 in substations, 50 in 3-phase 
environments, and 39 in other jobs, using the same data collection strategy as was 
used in the previous study, but with the added characterization of specific work 
environments.  The rationale for this study was based on previous observations in 
experimental animals suggesting that non-linear field polarization was critical in the 
reduction of melatonin production.  These types of fields were expected to be 
present within substations and in the vicinity of 3-phase electrical conductors.  
Other conductors (1-phase, linear polarization) were selected as a control condition 
because they had not previously been associated with an alteration of melatonin 
production in laboratory animal studies.  Thus, participating workers recorded the 
times they spent in these environments over the 3-day data collection period.  
Comparisons were made separately for subjects working in substation or 3-phase 
environments, or among those working in 1-phase environments.  Adjusted mean 
aMT6s levels were compared statistically among workers in the lowest and highest 
tertiles of MF exposure, using either the geometric mean or the RCMS 
measurements.  Among workers in either a substation or 3-phase environment for 
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more than 2 hours, nocturnal aMT6s decreased 43% (p=0.03) when tertiles were 
based on geometric mean exposure and decreased 42% (p=0.01) when tertiles were 
based on RCMS.  With RCMS tertiles, total overnight aMT6s excretion also 
decreased 42% (p=0.03) and post-work creatinine-adjusted aMT6s decreased 49% 
(p=0.02).  With geometric mean tertiles, total overnight aMT6s excretion decreased 
39% and post-work creatinine-adjusted aMT6s decrease 34%.  However, neither of 
these decreases was statistically significant.  No MF-related effects were observed 
among workers with less than 2 hours time spent in substation/3-phase 
environments.  Similarly, no reduction in aMT6s levels were observed among 
workers in 1-phase environments. 

 
 In 2002, Burch et al. studied two consecutive cohorts of electric utility workers 

using the same data collection strategy to evaluate the effects of cellular telephone 
use and personal 60 Hz MF exposure on aMT6s excretion.  The sample sizes were 
149 for Cohort 1 (from the 2000 study) and 77 for Cohort 2.  Total overnight and 
post-work urine samples and self-reported workplace cell phone use were 
obtained over three (3) consecutive workdays.  ELF MF and ambient light 
exposure were also measured with specially adapted personal dosimeters.  The 
outcome of interest was melatonin production as measured by aMT6s.  The cut-
point for high versus low cell phone use was 25 minutes per day.  Only 5 worker-
days of cell phone use more then 25 minutes were reported in Cohort 1 versus 13 
worker-days in Cohort 2.  No differences in aMT6s production were found in 
Cohort 1.  However, for Cohort 2 there were significant linear trends of 
decreasing overnight aMT6s and creatinine-adjusted aMT6s levels with 
increasing cell phone use.  There was also a marginally significant increasing 
trend in post-work creatinine-adjusted aMT6s with increasing cell phone use.  
Finally, there was a combined effect of cell phone use and ELF MF exposure on 
aMT6s excretion: among workers in the highest tertile of ELF MF exposure, 
those who used a cell phone for more than 10 minutes had the lowest overnight 
aMT6s and creatinine-adjusted aMT6s levels compared to those with lower ELF 
MF exposure or cell phone use.  All analyses used a repeated measures method 
and were adjusted for age, month of participation, and light exposure.   

   
• Swiss Railway Worker Study  Pfluger and Minder (1996) studied 66 railway engineers 

operating 16.7 Hz electric powered locomotives and 42 "controls".  Mean MF exposure at 
the thorax for the engineers was above 150 mG and approximately 10 mG for the 
controls.  Thus most controls also had high MF exposure, certainly compared to 
residential and most occupational MF exposures.  Morning and early evening (post-work) 
urine samples were used to measure aMT6s.  Evening aMT6s values were significantly 
lower following work periods (early, normal or late shifts) compared to leisure periods for 
the engineers, but not for the controls.  Also, morning samples did not differ between 
leisure and work mornings.  This indicates that there was at least somewhat of a recovery 
from the worktime MF exposures.  Evening aMT6s values did not differ between work 
time and leisure time for either engineers or controls.  However, there was a rebound in 
morning aMT6s between a work period and leisure period.  Pfluger and Minder did not 
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report the results of a comparison of nighttime aMT6s levels between engineers and 
controls.    

 
• Video Display Unit Studies  Non-panel video display screens, e.g., computer monitors, 

produce significant MF exposure despite improvements over the last decade or so.  Arnetz 
and Berg (1996) studied 47 Swedish office workers who used video display units (VDU) 
in their work in the 1980s.  Circulating melatonin levels significantly decreased during 
work, but not during a day of "leisure" in the same environment.  Nighttime melatonin 
production was not observed.  In 2003, Santini et al. conducted a similar, but quite small, 
study of 13 young female office workers, 6 of whom worked for at least 4 hours per day 
in front of a video screen.  Overnight urine samples were used to measure aMT6s.  The 
aMT6s values of the exposed workers was 54% lower (p<0.01) compared to the non-
exposed workers. 

 
 Negative Studies  
 

• Italian Study of Workers  Gobba et al. (2006) recruited 59 workers, 55.9% of whom were 
women, for a study of melatonin production and MF exposure.  Actually more workers 
were recruited, but urine samples for only those subjects who did not get up to urinate 
during sleep time were assayed.  Creatinine-adjusted aMT6s was measured using a Friday 
morning urine sample and the following Monday morning urine sample.  Mean age was 
44.4 years (standard deviation, 9.2).  Exposure during worktime was measured over a 
three-day period.  The logarithm of the time weighted average (TWA) and the percent of 
time above 2 mG were used as the measures of exposure.  2 mG was the cut-point 
between low and high exposure.  52.5% were in the low exposed group; a larger 
percentage of men than women were in the low exposed group.  Occupations included 
clothing production (n=26), utility companies (14), teachers (6), engineering industry (5), 
and miscellaneous (8).  There were no significant differences in creatinine-adjusted 
aMT6s values based on the logarithm of the TWA or percent of observations above 2 mG. 

 
• Occupational MF Exposures among 30 Males Subjects in France  Touitou et al. (2003) 

studied 15 men exposed to occupational magnetic fields for between 1 and 20 years and 
age-matched15 controls.  All subjects were free of acute or chronic diseases, had regular 
sleep habits, did not do night work, took no transmeridian airplane flights during the 
preceding 2 months, took no drugs, were nonsmokers, and used alcohol and coffee in 
moderate amounts.  Furthermore, they did not use electric razors or hair dryers during the 
study or in the 24 hours prior to blood sampling.  All of the 15 MF exposed men worked 
in high voltage electrical substations.  They also lived near substations.  None of the 
controls had an occupation associated with MF exposure.  Exposed subjects had a mean 
exposure of 6.4 mG during work and 8.2 mG during other times.  For the control subjects, 
the mean exposure was 0.04 mG, both during the day and at other times.  Blood samples 
were taken hourly from 8:00 pm until 8:00 am in a standard manner.  All urine between 
these times was collected.  Melatonin concentration (pg/ml) was measured in each blood 
sample. The study was done in the autumn.  The 12 hour melatonin blood concentration 
curves for the exposed and non-exposed subjects are almost identical.  The creatinine-
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adjusted aMT6s levels are also nearly identical.  No analyses were conducted based on 
length of time in the occupation. 

 
 
III. ALZHEIMER’S DISEASE 
 
 A. Alzheimer’s Disease Specific Pathway: Over-Production of Peripheral Amyloid 

Beta Caused by MF Exposure 
 

Conclusion: There is now evidence that (i) high levels of peripheral amyloid beta 
are a risk factor for AD and (ii) medium to high MF exposure can increase 
peripheral amyloid beta.  High brain levels of amyloid beta are also a risk factor for 
AD and medium to high MF exposure to brain cells likely also increases these cells’ 
production of amyloid beta. 

 
Sobel and Davanipour (1996a) have published a biologically plausible hypothesis relating MF 
exposure to AD, based on the unrelated work of many researchers in several different fields.  The 
hypothesized process involves increased peripheral or brain production of amyloid beta (Aβ) as a 
result of MF exposure, and subsequent transportation of peripheral Aβ across the blood brain 
barrier.  Figure 1 provides a schematic outline of the hypothesis.  Each step in the proposed 
pathway is supported by in vitro studies. 
 
Two versions of the amyloid beta protein have been identified.  They are identical, except one is 
longer, 42 versus 40 amino acids.  These are specified, respectively, by Aβ1-42 and Aβ1-40.  Aβ1-42 
is considered the more neurotoxic of the two. 
 
This hypothesis has not yet been fully tested.  However, two recent studies of elderly subjects 
and electrical workers, respectively, have provided important initial support.  The Mayeux et al. 
(1999, 2003) papers demonstrate that higher levels peripheral Aβ1-42 are a risk factor for AD.  
The Noonal et al. (2002a) paper demonstrates that MF exposure can increase the peripheral 
levels of Aβ1-42 and that contemporaneous blood levels of melatonin are inversely associated 
with peripheral levels of Aβ1-42. 
 
• Mayeux et al. (1999, 2003) conducted a population-based, longitudinal study of elderly 

subjects who were cognitively normal at baseline and found that higher peripheral blood 
levels of Aβ1-42 were prognostic of subsequent development of AD.  The 2003 paper had a 
longer follow-up period and 282 additional subjects (169 vs 451). 

  
 In the first paper, 105 subjects, cognitively normal at baseline, were followed for an average 

of 3.6 years. The mean age at baseline was 74.3 +/- 5.3 years.  Sixty-four (64) subjects 
developed AD.  Table 1 provides the baseline and follow-up means for age, education, Aβ1-

42, Aβ1-40, and the ratio Aβ1-42/ Aβ1-40.  The subjects who developed AD were older at 
baseline, had nearly two years less education, and higher Aβ1-42, Aβ1-40, and Aβ1-42/Aβ1-40.  
All mean differences were significant at the p=0.001 level, except for the ratio, which was 
significant at the p=0.05 level. 
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 For Aβ1-42, the OR for AD, based on the actual Aβ1-42 values, was 1.0114, p = 0.006.  Thus, 
for example, the OR for an individual with an Aβ1-42 value 10 pg/ml above the cutpoint for 
the 1st quartile (24.6 pg/ml) is estimated to be (1.0114)10 = 1.12, an increase of 12%; for an 
individual with an Aβ1-42 value 40 points above this cutpoint, the estimated increase in risk 
is 57%.  A similar analysis for Aβ1-40 did not yield a significant result. 

 
 Subjects were then divided into quartiles based on their Aβ1-42 values.  For Aβ1-42 there was 

a highly significant (p=0.004) trend across quartiles.  The adjusted odds ratios (OR) for the 
2nd – 4th quartiles were 2.9, 3.6, and 4.0, using logistic regression.  The latter two were 
statistically significant at the 0.05 level.  The ranges for the 3rd and 4th quartiles were 45.9 – 
85.0 pg/ml and > 85.0 pg/ml, respectively.  For the 2nd quartile, the significance level of the 
OR was not provided; however, the 95% confidence interval (CI) was [0.9 –  6.8].  Perhaps 
because the per unit analysis was not significant for Aβ1-40, an analysis using quartiles was 
not reported. 

 
 In the second paper (Mayeux et al., 2003), follow-up of patients was up to 10 years and 

there were 451 patients who were cognitively normal at baseline, versus 169 in the initial 
paper.  Table 2 contains the same information for this study as is provided in Table 1 for the 
initial study.  Eighty-six (86) of the 451 subjects developed AD.  Presumably, the additional 
subjects had had their peripheral amyloid beta assayed after the submission of the original 
paper.  Again, the Aβ1-42 values were divided into quartiles, based on the 451 subjects who 
were cognitively normal at their last follow-up.  The adjusted relative risk (RR) estimates 
for the 2nd – 4th quartiles were 1.3, 1.9, and 2.4, using Cox survival analysis.  The latter two 
were statistically significant at the 0.05 and 0.006 levels, respectively.  The ranges for the 
3rd and 4th quartiles were 60.2 – 84.15 pg/ml and ≥ 84.15 pg/ml, respectively.  For the 2nd 
quartile, the significance level of the OR was again not provided; however, the 95% 
confidence interval (CI) was [0.6 –  2.1]. 

 
 The mean levels of Aβ1-40, Aβ1-42, and Aβ1-42/ Aβ1-40 at baseline in the second paper 

were 133.9 pg/ml, 62.2 pg/ml, and 0.50.  In the initial paper, the comparable figures 
were 120.5 pg/ml, 63.2 pg/ml, and 0.57.  The means for Aβ1-42 and Aβ1-42/ Aβ1-40 are 
quite similar in the two studies.  However, the means for Aβ1-40 are quite different, so 
there were most likely several subjects who were not in the initial report, and who had 
Aβ1-40 assays which were very high.  These subjects were evidently almost all in the 
cognitively normal group.  This is because in the AD groups, the Aβ1-40 means were 
134.7 and 136.2 pg/ml.  However, in the cognitively normal group, the means were 
111.8 and 133.3 pg/ml.  Thus, the additional 260 subjects with did not develop AD 
(365-105=260) had an average Aβ1-40 of 142.0 pg/ml.  Such a large difference is left 
unexplained in the Mayeux et al. (2003) paper. 

 
 Mayeux et al. (1999) comment that “cerebral deposition of Aβ1-42 is unlikely to result 

directly from increased plasma Aβ1-42”.  However, studies by Zlokovic and colleagues 
provide a basis for concluding that, in fact, peripheral Aβ1-42 is likely to cross the blood 
brain barrier, perhaps chaperoned by apolipoprotein E (ApoE), particularly the ε4 isoform 
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(see Sobel & Davanipour, 1996a).  Currently, the relative amounts of peripheral and 
cerebral Aβ1-42 or Aβ1-40 which aggregate are unknown.   

 
 Two newly developed PET scan techniques, however, provide the ability to 

investigate the relative amounts in humans (Klunk et al., 2004; Ziolko et al., 2006; 
Small et al., 2006) .  It is also straightforward to use labeled amyloid beta to 
determine the rate at which peripheral amyloid beta is transported to the brain, at least 
in animal models and perhaps also in humans. 
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• Noonan et al. (2002a) examined 60 electric utility workers in studying the relationship 

between measured MF exposure during the work day and serum Aβ1-42 and Aβ1-40 (square 
root transformed) levels.  MF exposure was individually determined by wearing a 
dosimeter at the waist during work time.  Blood samples were obtained between 2:50 pm 
and 4:50 pm.  The primary findings were as follows:  

i. there was an inverse association between physical work and Aβ levels;  
ii. there was an apparent trend for the Aβ1-42, Aβ1-40, and Aβ1-42/ Aβ1-40 levels to be 

higher for higher magnetic field exposure (significance not provided); and  
iii. the differences (Table 3) in Aβ levels between the highest ( ≥ 2 milliGauss (mG), 

n=7) and lowest (< 0.5 mG, n=20) exposure categories were 156 vs 125 pg/ml 
(p=0.10) for Aβ1-40, 262 vs 136 pg/m (p=0.14) for Aβ1-42, and 1.46 vs 1.03 for Aβ1-

42/ Aβ1-40 (significance not provided).   
There was a 93% increase in Aβ1-42, a 25% increase in Aβ1-40, and a 42% increase in the 
ratio Aβ1-42/ Aβ1-40 between the lowest and highest MF exposure categories.  The 2 mG 
cutpoint for the highest category is the cutpoint generally used for medium (or at times high) 
MF exposure in epidemiologic studies.   Thus, while the sample size was small, this study 
provides some evidence that MF exposure may result in higher peripheral production of Aβ 
for exposures above 2mG. 

 
 Melatonin production was estimated using urinary 6-sulphatoxymelatonin (aMT6s) adjusted 

for creatinine (Graham et al., 1998).   aMT6s is the primary urinary metabolite of 
melatonin.  A complete overnight urine sample was used to estimate overnight melatonin 
production, normally about 85-90% of total 24-hour production.  A post-work urine 
sample, taken on the same day as the post-work blood sample, was used to estimate work 
time melatonin blood levels.  The overnight creatinine-adjusted aMT6s levels were, on 
average, about 5 times higher than the post-work creatinine-adjusted aMT6s levels.  
Noonan et al. state that the correlations between overnight creatinine-adjusted aMT6s and 
amyloid beta levels were not significant.  No data were provided.  However, post-work 
creatinine-adjusted aMT6s levels were negatively correlated with both the Aβ1-42 and the 
Aβ1-42/ Aβ1-40 post-work levels.  The Spearman correlation coefficients were -0.22 (p=0.08) 
and -0.21 (p=0.10), respectively.  With adjustment for age and physical work, the 
correlation with Aβ1-42 was marginally stronger (-0.25, p=0.057).  The timing of the urine 
sample with respect to the blood sample appears to be important.  Table 4 provides the 
Spearman correlations, adjusted for age and physical work, based on the time difference 
between blood and urine samples, which were all obtained after the blood draw.  Some of 
the workers had their urine sample in the early evening.  It is clear that the correlation is 
strongest when the samples are taken close to one another in time. 

 
 

 In an unadjusted analysis, the post-work creatinine-adjusted aMT6s levels were split into 
tertiles.  Subjects in the highest tertile had the lowest levels of Aβ1-42, Aβ1-40, and Aβ1-42/Aβ1-

40 (Table 5).  However, subjects in the middle tertile had higher levels than subjects in the 
lowest tertile. 

 

20



EMF & Melatonin: AD & BC              Davanipour & Sobel 

 

• In an in vitro study, Del Giudice et al. (2007) used human neuroglioma cells 
(H4/APPswe), which stably overexpress a specific human mutant amyloid precursor 
protein (APP, to examine the effect of ELF MF exposure.  ELF MF or sham exposure 
was 3.1 mT (31,000 mG) for 18 hours.  Total Aβ and total Aβ1-42 production was 
statistically significantly elevated among the ELF MF exposed cells compared to the cells 
with sham exposure.  No gross morphological changes or changes in viability were observed 
in the ELF MF exposed cells.  The 3.1 mT exposure level is 2-3 orders of magnitude higher 
than the highest occupational mean exposures.  The authors state that such high levels were 
administered because occupational exposures are “much more prolonged than the one 
described in our experimental setting”.  There was no indication that any longer duration 
exposure at lower levels was studied. 

 
 B. Alzheimer’s Disease Alternative/Complementary Pathway: Lowered Melatonin 

Production 
 

Conclusion: There is considerable in vitro and animal evidence that melatonin 
protects against AD.  Therefore it is certainly possible that low levels of melatonin 
production are associated with an increase in the risk of AD. 

 
Several in vitro and animal studies indicate that melatonin may be protective against AD and thus 
low or lowered melatonin production may be a risk factor for AD.  These studies have generally 
found that supplemental melatonin has the following effects: 

• the neurotoxicity and cytotoxicity of Aβ is inhibited, including mitochondria (Pappolla et 
al., 1997, 1999, 2002; Shen YX et al., 2002a; Zatta et al., 2003; Jang et al., 2005);  

• the formation of β-pleated sheet structures and Aβ fibrils is inhibited (Pappolla et al., 1998; 
Poeggeler et al., 2001; Skribanek et al., 2001; Matsubara et al., 2003; Feng et al., 2004; 
Cheng and van Breemen, 2005); 

• the profibrillogenic activity of apolipoprotein E ε4, an isoform conferring increased risk of 
AD, is reversed (Poeggeler et al., 2001); 

• oxidative stress in vitro and in transgenic mouse models of AD is inhibited if given early 
(Clapp-Lilly et al., 2001a; Matsubara et al., 2003; Feng et al., 2006), but not necessarily if 
given to old mice (Quinn et al., 2005); 

• survival time is increased in mouse models of AD (Matsubara et al., 2003); 
• oxidative stress and proinflammatory cytokines induced by Aβ1-40 in rat brain are reduced in 

vitro and in vivo (Clapp-Lilly et al, 2001b; Shen YX et al., 2002b; Rosales-Corral et al., 
2003); 

• the prevalence of Aβ1-40 and Aβ1-42 in the brain is decreased in young and middle aged 
mice (Lahiri et al., 2004); 

• memory and learning is improved in rat models of AD pathology (Shen YX et al., 2001; 
Weinstock and Shoham, 2004), but not necessarily in Aβ-infused rat models (Tang et al., 
2002).   

 
Note that transgenic mouse models of AD mimic senile plaque accumulation, neuronal loss, and 
memory impairment.  See Pappolla et al. (2000), Cardinali et al. (2005), Srinivasan et al. (2006), 
Cheng et al. (2006), and Wang and Wang (2006) for reviews.  Thus, chronic low levels of 
melatonin production may be etiologically related to AD incidence.   
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 C. Epidemiologic Studies of Alzheimer’s Disease and ELF MF Exposure 
 

Conclusion: There is strong epidemiologic evidence that  exposure to ELF MF is a 
risk factor for AD.  There are seven studies of ELF MF exposure and AD.  Six of 
these studies are more of less positive and only one is negative.  The negative study 
has a serious deficiency in ELF MF exposure classification that results in subjects 
with rather low exposure being considered as having significant exposure. There are 
insufficient studies to formulate an opinion as to whether radiofrequency MF 
exposure is a risk factor for AD. 

 
 C.1. Introduction   
 
First, it is necessary to point out that there are no case-control studies of melatonin as a risk factor 
for AD.  This is primarily because AD results in a precipitous decline in melatonin production due 
to the destruction of specific neuronal structures and therefore it is inappropriate to use “current” 
melatonin production of cases as a surrogate estimate of the pre-AD melatonin production.  Also 
there have yet to be any longitudinal studies of melatonin production.  This is probably because 
neither urine nor blood have been collected appropriately to measure nocturnal melatonin 
production. 
 
If MF exposure is a true risk factor, there are several problematic areas in evaluation and 
comparison of epidemiologic studies related to occupational MF exposure and Alzheimer’s disease, 
particularly the following. 
 

1. Diagnosis – false positive diagnoses will bias the odds ratio estimator towards 1.0 
2. Occupational exposure assessment – inclusion of subjects with low exposure in the 

“exposed” categories likely biases the odds ratio estimator towards 1.0 
• Definition of MF exposure – published studies have differing definitions of MF 

exposure, potentially resulting in “exposure” categories with significant 
proportions of subjects with low exposure 

• Cut-points for non-exposure/exposure categories – some studies use numerical 
estimates of exposure developed from earlier exposure studies (job exposure 
matrices) in certain occupations and use average estimates and/or low cut-points 
to determine “medium” exposure 

• Ever versus never exposed – at least one study used ever exposed, with a low 
threshold for exposure 

• Categorized occupational data – categorized data from governmental databases 
leads to relatively large variation in “exposure” within occupational categories, 
which results in subjects with low exposure being classified as having been 
exposed. 

 
Table 6 provides the data on the percentages of MF exposed subjects in the published studies to 
date.  There is a wide range of percentages, due primarily to variation in exposure definition, use of 
average or mean job-specific estimates, and secondarily to the use of varying job exposure matrices.  
Table 7 provides the odds ratio estimates of studies discussed in some detail below.  The studies 
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which used death certificates or other non-expert databases for the identification of AD cases are not 
included in Table 7.   
 
The role of seamstresses among workers with high occupational MF exposure in the two et al. 
studies (1995, 1996b) and the Davanipour et al. study (2007) is discussed.   
 
 C.2. Death Certificates-Governmental Databases: Alzheimer’s Disease Diagnosis 
 
The use of death certificates or governmental databases to identify AD cases is certainly 
problematic.  False positive diagnoses tend to bias the OR estimator towards 1.0.  Most diagnoses of 
AD have been and still are made by physicians who are not experts in AD, and who seldom have 
sufficient clinical time to make a proper diagnosis.  The determination of dementia and subsequent 
differential diagnosis of AD by someone other than an expert has a high false positive rate.  In 
addition, many physicians do not think that AD is a “cause of death”, which results in an increase in 
the false negative rate.   
 
Therefore the recent “positive” Feychting et al. (2003), Håkansson et al. (2003), and Park et al. 
(2005) studies and the “negative” Savitz et al. (1998a,b) and Noonan et al. (2002b) studies have 
been excluded from the discussion below of individual studies.  The Johansen et al. study (2000) 
has also been excluded because it depended upon the clinical hospital discharge diagnoses of an 
historical cohort to determine a “diagnosis” of “presenile” AD or “dementia”.  Evidently, in that 
study, late-onset (age at least 65) AD was included under “dementia”.  (It should be noted that 
Johansen et al. found an increased risk of “dementia”, but not “presenile” AD, associated with 
higher MF exposure.) 
 
 C.3. MF Exposure Assessment Rates and Analytic Results 
 
The Sobel et al. (1995, 1996b), the Davanipour et al. (2007), and the Harmanci et al. (2003) studies 
have followed nearly the same protocol for MF exposure assessment and classification into low, 
medium and high MF occupations.  In these studies, medium exposure was defined as mean MF 
occupational exposure above 2 mG, but less than 10 mG, or intermittent exposures above 10 mG, 
while high exposure was defined as mean MF exposure above 10 mG or intermittent exposures 
above 100 mG.  The rates of medium or high (M/H) exposure in these studies are considerably 
lower than the rates in the Feychting et al. (1998a), Graves et al. ((1999), Qiu et al. (2004), and 
Savitz et al. (1998b) studies and somewhat lower than the Feychting et al. (2003) study.  The 
remaining three studies (Häkansson et al., 2003; Savitz et al., 1998a; Johansen, 2000) utilized 
subjects from electrical industries and therefore understandably have high rates of MF exposure.  
(See Table 6 for these rates.) 
 
Thus, it is likely that a substantial percentage of MF “exposed” subjects in 4 of the 6 comparable 
studies (Feychting et al., 1998a; Graves et al., 1999; Qiu et al., 2004) (Table 7) had a high rate of 
somewhat minimal exposure in the “exposed” category, due to classification methodologies, 
compared to the “exposed” categories in the Davanipour et al. (2007), Harmanci et al. (2003), and 
the Sobel et al. (1995, 1996b) studies.  This would tend to lead to an OR estimate closer to 1.0 in the 
4 former studies. 
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  C.3.1. Sobel et al. (1995) Study – Positive Study 
 
The initial publication of an apparent association between AD and having worked in occupations 
with likely MF exposure consisted of three case-control studies, two from Helsinki, Finland, and 
one from Los Angeles, USA (Sobel et al., 1995).  Control groups varied: the first case-control 
study analyzed used VaD patients; the second (and largest study) used non-neurologic hospital 
patients; and the third (and second largest study) used non-demented well subjects.  The study-
specific ORs were 2.9, 3.1, and 3.0, while the combined OR was 3.0 (95% CI = [1.6 – 5.4], p < 
0.001), with no confounder adjustments necessary.  The occupational information was apparently 
primarily related to the last occupation, e.g., judge, high ranking military officer.  A total of 386 
cases and 575 controls was analyzed in these studies.  9.3% of the cases and 3.4% of the controls 
were judged to have had an occupation with likely medium or high MF exposure.  Among 
women, 31 (5.3%) were exposed to M/H occupational MF, of whom 29 (95%) were 
seamstresses, who were classified as having high exposure based on measurements taken during 
the study.  Seamstresses have subsequently been shown to have very high MF exposures (e.g., 
Hansen et al., 2000; Kelsh et al., 2003; Szabó et al., 2006). 
 
  C.3.2. Sobel et al. (1996b) and Davanipour et al. (2007) Studies – Positive 

Studies 
 
These two studies utilized the databases of the nine (9) State of California funded Alzheimer’s 
Disease Diagnosis and Treatment Centers (ADDTC).  Sobel et al. (1996b), the second published 
study of occupational MF and AD, used the Rancho Los Amigos (RLA) ADDTC database.  
There were 316 cases and 135 controls.  Twelve percent (12%) of the cases and 5.3% of the 
controls had had a medium or high "primary" exposed (MF) occupation.  The Davanipour et al., 
2007) study used the databases of the other 8 ADDTCs.  Seven and one-half percent (7.5%) of 
the cases and 3.8% of the controls had had a medium or high MF "primary" occupation.  Among 
the women in the RLA ADDTC study, 26 (8.4%) had M/H exposure, of whom 17 (65.4%) were 
seamstresses.  In the Davanipour et al. study, among women, 50 (3.8%) had M/H MF exposure, 
of whom 34 (68%) were seamstresses.  This difference is statistically significant (p < 0.001).  
Among the men in the RLA ADDTC study, 14.8% had a medium or high MF exposed 
occupation, while in the Davanipour et al. ADDTC study, 13.5% had a medium or high MF 
exposed occupation.  This difference is not significant.  It thus appears that the women in the 
combined populations from which the ADDTCs in the Davanipour et al. study have drawn their 
patients have a lower rate of MF exposed occupations than the population from which the RLA 
ADDTC draws its patients.  This is not too surprising because Los Angeles has a large apparel 
manufacturing industry. 
 
The OR (adjusted for age-at-onset, gender, and education) for medium or high MF exposure in 
the RLA ADDTC study was 3.9 (95% CI = [1.5 – 10.6], p = 0.006).  The ORs for medium or 
high MF exposure in the Davanipour et al. ADDTC study were lower: 2.2 (p < 0.02; 95% CI = 
[1.2 – 3.9]) and 1.9 (p < 0.04; 95% CI = [1.04 – 3.6]), using age-at-exam and age-at-onset, 
respectively, plus gender and history of stroke in the model.  These ORs are all statistically 
significant.  In the two studies, the 95% CIs greatly overlap and, under the assumption of 
normality of the natural logarithms of the odds ratios estimators and a straightforward hypothesis 
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test that the means of two independent normally distributed variables are equal, the null 
hypothesis that the corresponding ORs are equal cannot be rejected at the 0.05 level. 
 
  C.3.3. Other AD and Occupational ELF MF Exposure Studies 
 
Studies with Positive Results 
 
Qiu et al. (2004) Study  Qiu et al. (2004) studied a Swedish cohort of 931 subjects, aged 75+ at 
baseline, followed for up to 7 years.  Job history was usually obtained from the next-of-kin, but only 
after 4 years of follow-up.  MF exposure assessment was estimated using previous occupational 
exposure studies, specific measurements (e.g., seamstresses and tailors), and expert opinion.  During 
the follow-up period, 265 subjects developed dementia, with 202 receiving an AD diagnosis.  
Numerical exposure estimates were obtained using both the longest held occupation, last 
occupation, and any occupation.  The estimated average daily MF exposure was used to classify 
individual exposure.  
 
Exposure for a sample of seamstresses and tailors was measured at the head.  They were classified 
as having low exposure.  Exposures of seamstresses who used industrial sewing machines and 
workers who used home sewing machines likely were under estimated by Qiu et al. (2004): 5.5 mG 
for “industrial seamstresses” and 1.9 for tailors.  Qui et al. only considered home sewing machines, 
which at the head had a mean exposure of 10 mG.  For “industrial seamstresses, they assumed that 
50% of the workday was at a 10 mG exposure and 50% was at background, 1 mG.  This gives an 
average exposure of 5.5 mG.  For tailors, they assumed that only 10% of the workday was spent 
sewing, so the mean exposure was 1.9 mG.  There are several problems with this determination of 
exposure for seamstresses and tailors: 
 

1. exposures to the head are among the lowest body exposures and are not necessarily the 
sole important exposure; 

2. even in Sweden, it is unlikely that home sewing machines were exclusively used.  It is 
more likely that most of the machines were industrial machines, which produce much 
higher fields constantly, even when sewing is not occurring; 

3. seamstresses have exposure most of the workday; 
4. ambient exposure levels in industrial settings have been measured at up to 6 mG (Sobel 

and Davanipour, unpublished Finnish data); 
5. tailors would not make a living sewing only 0.8 hours per day. 

 
Hansen et al. (2000) found that, at the side of the waist, mean full-shift exposure for industrial 
machines was approximately 30 mG, while Qiu used a figure of 10 mG.  Based on unpublished 
measurements on AC home sewing machines, Sobel and Davanipour (1996c) found that exposures 
to the head were usually the lowest measurements, while the chest, pelvic area, thigh, knee, right 
arm and hand had much higher exposures (Table 8).  In addition, foot pedals can produce high 
magnetic fields (Table 8).  Also, AC/DC converters in the handles (right side) of computerized 
home sewing machines constantly produce high magnetic fields – about 75 mG at 2 inches away 
from the handle.  The right hand, lower right arm, and knee regularly receive high exposures (Table 
8).  Thus, the 10% sewing time assumed by Qiu et al. (2004) does not mean that significant 
exposure is not over a longer time period.  The biological plausibility of hypotheses discussed above 
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provides an argument that exposure to other body parts may also be deleterious.  The numbers or 
percentages of industrial seamstresses and/or home sewing machine workers were not provided by 
Qui et al.  
 
Nevertheless, for the principal occupation, but not for the last occupation or cumulative lifetime 
exposure, Qiu et al. (2004) found statistically significant ORs: OR=2.3 (95% CI = [1.0 – 5.1]) for 
AD and OR=2.0 (95% CI = [1.1 – 3.7]) for any dementia for men with average exposures greater 
than 2 mG.  For women, no increase in risk was found for the principal occupation, last occupation, 
and all occupations combined.  The average lengths of time in the last and principal occupations 
were not provided.  Thus, comparison with the Feychting et al. study (1998a) could not be made. 
 
The proportions of subjects with at least 2 mG exposure were 28.2% for AD cases and 28.8% for 
controls for the principal occupation (Table 6).  For all occupations combined, the proportions were 
higher.  For men, with cases and controls combined, the proportions were 43.1% and 33.0%, 
respectively, for principal occupation and all occupations combined.  For women, the proportions 
were 24.3% and 32.1%.  In the Sobel et al. (1995, 1996b) and Davanipour et al. (2007) studies, the 
proportion of female cases and controls with medium or high exposure (considered above 2 mG) 
was only 5.5%, 80% of whom were seamstresses or had allied professions with significant MF 
exposure, e.g., cutter.  Thus, in these three publications, the exposure category for women contained 
a higher percentage of subjects with very high exposure.  This may explain the lack of findings 
among women.  The occupations which were in the exposure categories ‘at least 2 mG’ 
(dichotomized exposure) or ‘at least 1.8 mG’ (trichotomized) were not provided by Qiu et al. 
(2004). 
 
Harmanci et al. (2003) Study  Harmanci et al. (2003) conducted a cross-sectional, population-based 
study of Alzheimer’s disease by selecting a random sample of 1067 subjects at least age 70, among 
whom 1019 (96%) agreed to participate in the study.  AD was determined in a two-step process: a 
screening exam using the Turkish version of the Mini-Mental State Exam (MMSE), followed by an 
expert clinical exam among those whose MMSE scored indicated cognitive impairment.  Two 
hundred twenty three (223) were asked to have a clinical exam, and 155 (69.5%) agreed.  Among 
the subjects with a “normal” score on the MMSE, 126 were randomly selected for a clinical 
examination.  Among these 281 subjects, 57 were clinically diagnosed as having possible AD, and 
127 were determined to be cognitively normal.  These subjects were included in the case-control 
study.  M/H MF exposed occupations were stenographers and typists, carpenters and joiners, metal 
molders and core makers, tailors, dressmakers, and hatters.  Except for stenographers, these 
occupations were considered to result in medium or high MF exposure in the Sobel et al. (1995, 
1996b) and current study.  A stepwise backwards logistic regression analysis was used.  
Medium/high MF exposure occupations had an adjusted OR of 4.0, with a 95% CI of [1.02 – 
15.78].  It is interesting to note that use of electrical residential heating was also a risk factor (OR = 
2.8, 95% CI = [1.1 – 6.9]). 
 
Feychting et al. (1998a) Study  In the case-control study by Feychting et al. (1998a), MF 
exposure during the last occupation, but not during the longest held occupation, was a risk factor 
for dementia not caused by a single stroke.  The last occupation was held an average of 24.8 
years among cases and 25.9 and 25.1 years among subjects within the two control groups.  
Consequently exposure during the last occupation was over a significant period of time.  Using 
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the two control groups, the ORs for dementia were 3.3 and 3.8 with 95% CIs of [1.3 – 8.6] and 
[1.4 – 10.2] for occupations with geometric mean MF exposures estimated to be at least 2 mG.  
Housewives were excluded from the analyses. The ORs for Alzheimer's disease were somewhat 
lower (2.4 and 2.7).  When the analysis was restricted to subjects aged 75 and below at onset or 
examination, the ORs (5.0 and 4.8) for AD were statistically significant.  Also, for subjects of all 
ages with occupations likely to have resulted in an average MF exposure above 5 mG, the ORs 
for AD were both high, but significant for one referent group (OR = 8.3), and not for the other 
(OR = 4.1).  The Feychting et al. study was small: 44 dementia cases had occupational data, 29 
of whom were diagnosed with AD.  43% of the cases were in the MF exposed group, while 23% 
and 19% of the controls were in this exposure group.  Given these high percentages, it is clear 
that some lower MF exposed occupations were classified in the exposed category than were 
classified in this study and the earlier Sobel et al. studies (1995, 1996b).   
 
Study with Only Negative Results 
 
Graves et al. (1999) Study  Graves et al. (1999) studied 89 matched case-control pairs.  Complete 
occupational histories were obtained.  MF exposure in a given occupation was defined as having at 
least "probable intermittent exposures (a few minutes)" above 3 mG.  A high exposure category was 
defined as exposure of "1 to several hours" above 3 mG.  Two industrial hygienists rated the 
occupations.  Thus, many exposed subjects likely had a low average exposure.  19.1% and 21.4% of 
the cases were considered to have been 'ever' exposed, while 21.4% and 22.5% of the controls were 
considered 'ever' exposed.  An unknown number of subjects, classified as having experienced MF 
exposure, would not have been so classified in most or all of the other studies of neurodegenerative 
diseases or cancer.  The estimated adjusted ORs for ‘ever’ having been exposed were 0.74 and 0.95, 
depending upon which industrial hygienist's classification was used (Graves et al., 1999). 
 
As noted above, the Feychting et al. (1998a) study found elevated odds ratios associated with the 
last occupation, and in the Sobel et al. studies (1995, 1996b) and the Davanipour et al. (2007) study, 
occupational information most likely related to the last occupation.  Also, Feychting et al. (1998a) 
did not find an increased risk associated with measures which included earlier occupations, e.g., 
highest exposed occupation and longest held occupation.  Qui et al. (2004) found elevated risk 
associated with the principal occupation for males. Consequently, 'ever' vs 'never' exposed, as used 
by Graves et al. (1999), may not be an appropriate comparison. 
 
Graves et al. (1999) also used a cumulative exposure index, the weighted sum of the numbers of 
years in each occupation with the weights being 0, 1 and 2 for no exposure, only "intermittent 
exposures" above 3 mG, and exposure for "1 to several hours" above 3 mG, respectively.  Using the 
non-zero cumulative index values, exposure was dichotomized at the median as 'low' or 'high'.  
Adjusted ORs for 'low' or 'high' cumulative exposure versus no exposure were also close to 1.0.  
The last or the primary occupation was not separately analyzed. 
 
In summary, the non-significance of the ORs in the Graves et al. (1999) study may be due to three 
reasons: (1) less restrictive definitions of magnetic field exposure resulting in minimally exposed 
subjects being classified as having been 'ever exposed' or even highly exposed; (2) equal weight 
given to exposure during any age period, e.g., age 25-45 and age 45-65; (3) a cumulative exposure 
metric which equates what can be negligible exposure with significant exposure, e.g., negligible 
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exposure for 20 years equals significant exposure for 10 years.  In addition, there were no 
seamstresses among their subjects, who were from an HMO established primarily for union 
families.  Seamstresses are seldom in a union. 
 
 D. Epidemiologic Studies of Alzheimer’s Disease and RF Exposure 
 
There are no studies of AD and RF to discuss.  The single published epidemiologic study of RF and 
melatonin is discussed in Section II (Burch et al., 2002). 
 
IV. BREAST CANCER 
 
Figure 2 provides a schematic outline of the areas of study providing evidence that ELF MF 
exposure can lead to breast cancer through an effect on melatonin production levels, and, of 
course, possible but unknown other pathways.  Section references are provided in Figure 2.  
 
There is now accumulating evidence that low melatonin production may increase the risk of 
breast cancer (BC). This evidence comes from in vitro, animal, and two longitudinal human 
studies.  The in vitro and animal study literature is quite extensive, so only a highlight review is 
provided.  There are numerous published case-control studies of residential and occupational MF 
exposure as a risk factor for breast cancer.  No epidemiologic studies of radiofrequency MF 
exposures and breast cancer have been published, which do not include ELF MF exposure, and 
which have reasonable data on RF exposure. 
 
For a review of melatonin from basic research to cancer treatment, see Vjayalaxmi et al., 2002. 
 

• Conclusion: There is sufficient evidence from in vitro and animal studies, from human 
biomarker studies, from occupational and light at night studies, and a single 
longitudinal study with appropriate collection of urine samples to conclude that high 
MF exposure may certainly be a risk factor for breast cancer. Most of the residential 
MF exposure studies have been negative.  This may be because “high” residential 
exposures are actually not very high.  Individual exposures may be of importance, e.g., 
home sewing machines, hair dryers, AC/DC converters near the head of the bed, water 
pipes causing intermittent high exposures near living room or TV room sofas and easy 
chairs. 

 
 A. In Vitro and Animal Studies Relating to Melatonin as a Protective Factor against 

Breast Cancer  
 
 A.1. In Vitro Studies Related to Prevention of Oxidative Damage; Comparative 

in vivo Studies with Vitamin C and Vitamin E   
 
Melatonin has been found to neutralize hydroxyl radicals and to reduce oxidative damage in over 
800 publications (Reiter et al., 1995; Tan et al., 2002).  Melatonin has also been shown to act 
synergistically with vitamin C, vitamin E and glutathione (Tan et al., 2000) and stimulates the 
antioxidant enzymes superoxide dismutase, glutathione peroxidase and glutathione reductase 
(Reiter et al., 2002). 
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• Using a cell-free system, Tan et al and others have demonstrated that melatonin neutralizes 

hydroxyl radicals more efficiently than does reduced glutathione Tan et al., 1993a; 
Bromme et al., 2000).   

• Melatonin reduces oxidative damage to macromolecules in the presence of free radicals 
(Reiter et al., 1997, 2001a).  One mode of action is as a free radical scavenger (Reiter et al., 
2001b).  

• Melatonin increases the effectiveness of other antioxidants, e.g., superoxide dismutase, 
glutathione peroxidase, and catalase (Antolin et al., 1996; Kotler et al., 1998; Pablos et al., 
1995; Barlow-Walden et al., 1995; Montilla et al., 1997). 

• Melatonin has protective effects against ultraviolet and ionizing radiation (e.g., 
Vijayalaxmi et al., 1995).  Vijayalaxmi et al studied the effects of melatonin on radiation 
induced chromosomal damage in human peripheral blood lymphocytes (Vijayalaxmi et al., 
1996).  Blood from human volunteers was collected before and after administration of a 
single 300 mg oral dose of melatonin.  The post-administration samples of both serum and 
leukocytes had increased concentration of melatonin compared to the samples prior to 
melatonin administration.  After gamma radiation and mitogen exposure, a sample of cells 
was cultured for 48-72 hours.  Lymphocytes from the sample after melatonin was 
administered had significantly fewer chromosomal aberrations and micronuclei.  Primary 
DNA damage was reduced.  Vijayalaxmi et al hypothesized that melatonin, in addition to 
its hydroxyl radical scavenging, may also stimulate or activate DNA repair processes 
(Vijayalaxmi et al., 1998). 

 
Melatonin has been found to be a more potent protector from oxidative injury than vitamin C or 
vitamin E (micromoles/kg) in several in vivo studies (for a review, see: Tan et al., 2002).  
Melatonin was also found in vitro to scavenge peroxyl radicals more effectively than vitamin E, 
vitamin C or reduced glutathione (Pieri et al., 1994; Reiter et al. 1995), although melatonin is not 
a very strong scavenger of peroxyl radicals (Reiter et al., 2001b). 
 
 A.2. Animal Studies of Mammary Tumor Prevention with Melatonin   
 
Several studies have found that melatonin inhibits the incidence of mammary tumors in 
laboratory animals either prone to such tumors or exposed to a carcinogen (e.g., Tamarkin et al., 
1981; Shah et al., 1984; Kothari et al., 1984; Subramanian and Kothari, 1991a,b; Blask et al., 
1991).  In 1981, Tamarkin et al found that supplemental melatonin, given on the same day as 
7,12-dimethylbenz(alpha)-anthracene (DMBA) and continued for 90 days, lowered the incidence 
of mammary tumors from 79% in controls to 20% (p<0.002) in the melatonin treated Sprague-
Dawley rats (Tamarkin et al., 1981).  When they treated pinealectomized rats with DMBA, the 
incidence of mammary tumors increased to 88%, indicating a possible effect on endogenous 
melatonin on tumor incidence.  Similar results, but with somewhat different study designs, using 
female Holtzman rats given the carcinogen 9,10-dimethylbenzanthracene have been found (Shah 
et al., 1984; Kothari et al., 1984).  Subramanian and Kothari studied the suppressive effect by 
melatonin in rats treated similarly with DMBA under varying light:dark schedules and time of 
melatonin administration in both intact and pinealectomized female Holtzman rats (Subramanian 
and Kothari, 1991a).  They found that when administered during the initiation phase, melatonin 
only suppressed tumor development in intact animals.  However, when administered during the 
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promotion phase, melatonin had suppressive effects regardless of the presence or absence of the 
pineal gland.  Subramanian and Kothari (1991b) also studied C3H/Jax mice and spontaneous 
mammary tumor development.  Mammary tumors developed in 23.1% of mice provided with 
melatonin from 21 to 44 days of age, but in 62.5% of control mice (p<0.02).  Furthermore, there 
was a decrease in serum 17-beta-estradiol levels in the melatonin treated mice (p<0.05).  In a N-
methyl-N-nitrosourea (NMU) model of hormone-responsive Sprague-Dawley rat mammary 
carcinogenesis, Blask et al. (1991) found that melatonin, given during the promotion phase, 
reduced the incidence of tumors and antagonized estradiol’s stimulation of NMU-induced tumor 
incidence and growth.  They, however, did not find a decrease in estradiol in the melatonin 
treated rats. 
 
In two studies, Tan et al. (1993b, 1994) found that melatonin protected Sprague-Dawley rats 
from safrole induced liver DNA adduct formation.  The protection was found at both 
physiological and pharmacological levels of supplementation.  The level of protection was dose 
dependent.  Intraperitoneal injection of paraquat causes lipid peroxidation, a decrease in total 
glutathione, and an increase in oxidized glutathione in Sprague-Dawley rats.  Melchiorri et al 
found that melatonin inhibits these effects (Melchiorri et al., 1995).  In addition, melatonin and 
retinoic acid appear to act synergistically in the chemoprevention of animal model tumors 
(Teplitzky et al., 2001) and in vitro systems (e.g., Eck-Enriquez et al., 2000).  
 
 A.3. Animal Studies Related to Prevention of Oxidative DNA Damage by 

Estradiol and Radiation   
 
Karbownik et al. (2001) found that melatonin protects against DNA damage in the liver and 
kidney of male hamsters caused by estradiol treatment. They also found that in the testes, 
estradiol did not increase DNA damage, but that melatonin was protective against the natural 
level of oxidative DNA damage, as indicated by 8-hydrodeoxyguanosine (8-oxodG) levels.  
Several studies have found that laboratory animals are protected by melatonin from lethal doses 
of ionizing radiation (e.g., Blickenstaff et al., 1994; Vijayalaxmi et al., 1999; Karbownik et al., 
2000).  Vijayalaxmi et al. (1999) and Karbownik et al. (2000) investigated markers of oxidative 
DNA damage and found that significant decreases in these markers in the melatonin treated 
animals. 
 
 A.4. Melatonin: Scavenger of ●OH and Other ROS 
 
Melatonin is a powerful, endogenously produced scavenger of reactive oxygen species (ROS), 
particularly the hydroxyl radical (●OH).  Other ROS which melatonin scavenges include 
hydrogen peroxide (H2O2), nitric oxide (NO●), peroxynitrite anion (ONOO-), hypochlorous acid 
(HOCl), and singlet oxygen (1O2) (Reiter, 1991; Tan et al., 2000, Hardeland et al., 1995; Antolin 
et al., 1997; Stasica et al., 1998).  ●OH is produced at high levels by natural aerobic activity.  
ROS are also produced by various biological activities or result from certain environmental and 
lifestyle (e.g., smoking) exposures. 
 
Hydrogen peroxide does not appear to react directly with DNA (Halliwell, 1998), but does 
undergo chemical reactions within the cell nucleus which produce ●OH, e.g., with Fe+2.  On the 
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other hand, 1O2 readily oxidizes the guanine base.  HOCl,  ONOO-, NO● damage in various 
patterns (Halliwell, 1998). 
 
However, ●OH is the most reactive and cytotoxic of the ROS (Halliwell et al., 1986).  ●OH 
appears not to be removed by antioxidative enzymes, but is only detoxified by certain direct 
radical scavengers (Tan et al., 1999) such as melatonin.   
 
Melatonin is found in every cell of the body and readily crosses the blood-brain barrier.  It 
scavenges ROS at both physiologic and pharmacologic concentrations.  In the literature, 
“physiologic” refers to blood level concentrations of melatonin, while “pharmacologic” indicates 
2-3 orders of magnitude higher concentration.  Recently, intracellular levels of melatonin, 
especially within the nucleus, have been shown to be naturally at “pharmacologic” levels for all 
cellular organelles studied to date (Maestroni, 1999; Reiter et al., 2000).  
 
Tan et al. (2002) review the underlying basis for melatonin’s scavenging of ROS, which is 
briefly discussed here.  From the known structure-activity relationships, the reactive center of the 
interaction between oxidants and the melatonin molecule is its indole moiety.  This is due to its 
high resonance stability and quite low activation energy barrier towards free radical reactions.  In 
addition, the methoxy and amide side chains contribute significantly to melatonin’s antioxidant 
activity.  The methoxy group in the C5 component of the molecule appears to prevent 
prooxidative activity.  If this methoxy group is replaced by a hydroxyl group, under some in vitro 
conditions, melatonin may exhibit prooxidant capability.  The mechanisms of melatonin’s 
scavenging ROS appear to involve the donation of an electron to form a melatoninyl cation 
radical or a radical addition at site C3 of the melatonin molecule.  (There are other possibilities 
also.)  All known intermediates generated by the scavenging of a ROS by melatonin are also free 
radical scavengers.  This is known (by some) as the ‘free radical scavenging cascade reaction’, 
which allows one melatonin molecule to scavenge 4 or more ROS. (See Tan et al., 2007, for 
details). 
 
 B. Longitudinal Human Studies of Low Overnight Melatonin Production as a Risk 

Factor for Breast Cancer 
 

Conclusion: Two longitudinal studies have been conducted of low melatonin 
production as a risk factor for breast cancer.  Neither study collected urine samples 
in an optimal manner to estimate the important component of melatonin production 
– overnight production.  No published longitudinal study has collected complete 
overnight urine.  However, one used first morning void, which is close to optimal, 
but the other had to use 24-hour collection, which hides possible non-circadian 
rhythm.  The study with the first morning void was positive, the other was negative.  
Thus, there is some longitudinal evidence that low melatonin production is a risk 
factor for breast cancer. 

 
There have been only two longitudinal studies of low melatonin production as a risk factor for 
breast cancer.  Note that many breast cancers are associated with a decrease in melatonin 
production (Bartsch et al., 1997).  There is often a “rebound” after excision of the tumor, but it is 
not known if post-excision melatonin production is near the pre-tumor production level (Bartsch 
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et al., 1997).  Thus, as with AD, it is not appropriate to use post-tumor melatonin levels in a 
case-control study of low melatonin as a risk factor for breast cancer. 
 
DNA damage is the pathway through which normal cells become malignant.  Thus, the greater 
the amount of DNA, the greater the probability of a malignant transformation and the 
development of a cancer.  Davanipour et al. (2007) have conducted a study on the association 
between endogenous melatonin levels and oxidative guanine DNA damage among mothers and 
their oldest sampled daughters.  The mothers’ age range was 43-80, while the oldest daughter’s 
age range was 18-51.  Nearly all of the mothers, but few of the daughters were postmenopausal.  
Complete overnight urine samples were obtained.  Creatinine-adjusted aMT6s and 6-
hydrodeoxyguanosine (8-oxodG) were assayed.  8-oxodG is a measure of the level of oxidative 
DNA damage.  Creatinine-adjustment is not necessary because the 8-oxodG level using complete 
overnight urine is a measure of the total repair of oxidized DNA guanine during the night.  There 
was a statistically significant (p=0.02) inverse association between the level of nocturnal 
melatonin production (aMT6s/creatinine) and 8-oxodG for the mothers, but not for the daughters.  
Statistical adjustment was made for age and weight; however, there was little difference in the 
results with or without adjustment.  The correlation between creatinine-adjusted aMT6s and 8-
oxodG was 0.35 (p=0.01). 
 
 Positive Study 
 
 Schernhammer and Hankinson (2005) reported on the association between urinary 

melatonin levels and breast cancer risk in the Nurses’ Health Study II. The study had 
collected first morning void urine samples prior to the diagnosis of any cancer in a sub-
sample of the women in the study.  Assays of aMT6s and creatinine for 147 women who 
developed invasive breast cancer, and 291 age-matched controls, plus 43 women who 
developed in situ breast cancer and 85 matched controls were analyzed.  Analyses were 
based on quartiles of creatinine-adjusted aMT6s developed from the control data, with 
subjects in the lowest quartile as the referent group.  (Thus, the analyses were conducted 
with a view that higher levels of melatonin production might be protective.)  Unadjusted 
analyses, estradiol level adjusted analyses, and analyses adjusted for age-at-menarche, 
parity, age-at-first birth, family history of BC and benign breast disease, alcohol use, 
antidepressant use, and body mass index were conducted.  It should be noted that low levels 
of melatonin are causally associated with earlier age-at-menarche (e.g., Cohen et al., 1978; 
Sizonenko, 1987).  Thus, inclusion of age-at-menarche in the adjustment is perhaps not 
appropriate.  Analyses of cases and controls from the lowest and the highest quartile were 
statistically significant for each level of adjustment.  The odds ratios (OR) were all 0.59.  
(In terms of risk associated with low melatonin production, the OR was 1/0.59 = 1.69.)  
Inclusion of the the cases with in situ breast cancer led to OR between 0.68 and 0.70.  
Significance levels were not provided.  However, the 95% CI’s for invasive breast cancer 
did not contain 1.0, while the 95% CIs when in situ breast cancer cases were included just 
barely contained 1.0. 

 
** It should be noted that the first morning void, especially when the subject has had urine 
voids during sleep time, is not as good as complete overnight urine collection in estimating 
nocturnal melatonin production. ** 
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 Negative Study 
 
 Travis et al. (2004) conducted a study of melatonin and breast cancer using the Island of 

Guernsey or Guernsey III longitudinal study.  This study recruited women for an eight and 
one-half year period, ending in 1985.  During the follow-up period, 127 women developed 
breast cancer.  Three hundred fifty three (353) controls were selected with matching based 
on age, recruitment date, menopausal status, day of menstrual cycle (if applicable) when the 
urine sample was obtained, and number of years post-menopausal (if applicable).  Twenty-
four (24) hour urine samples were collected.  These samples were evidently not divided 
between overnight and other time-of-day sub-samples.  None of the analyses (all cases-
controls, only pre-menopausal cases-controls, or only post-menopausal cases-controls) 
showed any hint of an increase risk associated with low 24-hour melatonin production. 

 
 ** It is unfortunate that the 24-hour urine samples were not subdivided by time of day.  It is 

the nocturnal blood level of melatonin that is important.  About 85%-90% of pineal 
melatonin is produced nocturnally.  The circadian rhythm  appears to be vital for the effects 
of melatonin in regulation of important biologic functions, including immune response.  
This particular problem with the study makes the results suspect.  (See Hrushesky and 
Blask, 2004, for further details.) ** 

 
 C. No Case-Control Studies of Low Melatonin Production as a Risk Factor for 

Breast Cancer 
 
As mentioned previously, breast cancer itself often causes a decrease in melatonin production, 
e.g., Bartsch et al. (1997).  It is therefore inappropriate to use current levels of melatonin 
production of breast cancer cases in a case-control study of whether low levels of melatonin are a 
risk factor for breast cancer, and none have been published. 
 
 D. Light-at-Night and Night Shift Work Studies as a Risk Factor for Breast Cancer 

– Surrogates for Low Melatonin Production 
 

Conclusion: There is moderately strong evidence that both longterm light-at-night 
and  night shift work increase the risk of breast cancer.  Five (5) studies are 
reviewed, 4 of which are positive.  The negative study did find an increased risk for 
light-at-night, but not shift work.  This study classified subjects as having had rather 
short shift work as exposed.  Only very few subjects had at least 8 years of shift 
work: 8 (1.6%) of cases and 19 (3.7%) of controls. 

 
Several studies have found an increase in risk of breast cancer among women who have rotating 
night shift work or who otherwise experience light at night.  Light at night (LAN) is well-known 
to cause a decrease in nocturnal melatonin production (e.g., Lewy et al., 1980; Lowden et al., 
2004; Schernhammer et al., 2004).  Note that occupational studies of MF exposure (Section E, 
below) have included jobs with night shift work, e.g., flight attendant and radio/telegraph 
operators. 
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Positive Studies 
 
• Lie et al. (2006) studied the occurrence of breast cancer among Norwegian nurses.  All 

data were obtained from government registers.  Among a cohort 44,835 nurses, who 
graduated from a 3-year nursing program between 1914 and 1980 and who were alive 
on January 1, 1953, or born after this date, 537 breast cancer cases which occurred 
between 1960 and 1982 were identified.  (1960 was chosen because that was the first 
year for which fertility data were available.)  Four (4) controls, alive and cancer free, for 
each case were selected from the nurse cohort, matched by year of birth (± 1 year).  
Controls were required to have graduated or started their initial job no later than the year 
the corresponding case was diagnosed with BC.  Number of years of night shift work 
was estimated from work history and work locations.  Statistical adjustments in OR 
estimates included total employment time and parity.  The OR for 30+ years of night 
shift employment versus 0 years, was 2.21 (p<0.05), 95% CI = [1.10 – 4.45].  The p-
value for trend was 0.01.  When the analysis was limited to nurses aged 50+, the OR 
was 2.01 (p>0.05), 95% CI = [0.95 – 4.26].  The number of cases without night shift 
work was only 50 for all ages, and was 29 for nurses over age 50.  The number of cases 
with at least 30 years of night shift work was 24.  (No case below age 50 had 30+ years 
of night shift work.)   

 
• Schernhammer et al. (2001) examined rotating night shift work as a possible risk factor 

for breast cancer in the Nurses’ Health Study.  The total number of years in which a 
subject had worked rotating night shifts of at least 3 nights per month was obtained in 
1988.  The sample was quite large: 31,761 nurses had not had any years meeting the 
night shift criterion; 40,993 had had 1-14 years; 4,426 had had 15-29 years; and 1,382 
had had 30+ years.  During the following 10 year period, 2,441 incident cases of breast 
cancer were identified.  Compared to nurses who had had no qualifying years, the 
adjusted relative risk (RR) for nurses with 30+ years of rotating night shift work was 
1.36, with a 95% CI of [1.04 – 1.78].  All subjects with 30+ of rotating night shift work 
were post-menopausal  Analyses were also conducted within pre- and post-menopausal 
groups.  The RR and 95% CI were the same for 30+ years of exposure, because the 
number of nurses with no exposure decreased slightly (from 925 down to 801).  While 
not statistically significant, perhaps due to sample size, pre-menopausal nurses who had 
at least 15 years of shift work had an adjusted RR of 1.34, 95% CI = [0.77 – 2.33], 
essentially the same RR as post-menopausal women (RR=1.36, 95% CI = [1.04 – 1.78]) 
who worked night shift for at least 30 years.  There were only 14 pre-menopausal nurses 
with 15+ years of exposure.  The trend in RR for increasing years of exposure was 
statistically significant for post-menopausal nurses and all nurses.  Adjustments were 
made for age, weight change between age 18 and menopause, and many other variables 
associated with breast cancer.  The increase in risk was almost totally due to hormone-
receptor positive breast cancers.  This was the first prospective night shift and breast 
cancer study. 

 
• Davis et al. (2001b) studied 813 breast cancer patients, aged 20-74, and 793 controls.  

The controls were obtained through random digit dialing and were frequency matched 
by 5-year age intervals.  Lifetime occupational history, bedroom lighting, and sleep 
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habits were obtained by interview for the 10 years prior to diagnosis.  Not sleeping 
during nocturnal periods (when melatonin production is usually at its peak) had an OR 
of 1.14 for each night per week.  The 95% CI was [1.01 – 1.28].  Night shift work had 
an OR of 1.6, 95% CI = [1.0 – 2.5].  There was a significant upward trend (p = 0.02) in 
the OR with increasing years and more hours per week in night shifts.  Statistical 
adjustments were made for parity, family history of BC, oral contraceptive use (ever), 
and recent (but discontinued) use of hormone replacement therapy. 

 
• Hansen (2001) studied BC risk among younger Danish women whose work was mostly 

at night.  All women born between 1935 and 1959, and 30-54 years of age, were 
identified though the Danish Cancer Registry.  The number of such women was 7,565.  
One control per case was randomly selected from the Danish Central Population 
Registry.  Controls were (i) living, (ii) apparently cancer free, and (iii) working before 
the date of diagnosis of the corresponding case.  Work history was obtained from the 
Danish pension fund database.  No work history was found for 530 cases, so the number 
of case-control pairs for the study was 7,035.  Using a national survey (1976) of women 
and working conditions, 4 occupational categories were identified in which at least 60% 
of the female employees so some work at night.  These were manufacturing of 
beverages, land transport services, catering, and air transport services.  For hospitals, 
furniture manufacturing, water transport services, and cleaning services, between 40% 
and 59% of the women work some night shifts.  Comparisons were made between 
occupations in which 60%+ of the women work night shifts and occupations in which 
less than 40% work night shifts.  Only occupations within 5 years of diagnosis were 
considered.  This limit was based on suspected induction time for breast cancer.  To be 
placed in the “exposed” category a women had to have worked at least 6 months in a 
night shift occupation.  Statistical adjustments were made for age, social class, ages at 
birth of first and last child, and parity.  The OR for all “exposed” occupations was 
statistically significant (p<0.05): OR=1.5, 95% CI = [1.3 – 1.7].  For women who 
worked at least 6 years in “exposed” occupations, the OR was 1.7 (p<0.05).  The results 
were essentially driven by the catering and air transport service occupations.  (It should 
be noted that these two occupations may also result in higher MF exposure, compared to 
manufacture of beverages and land transport services.)  The authors state that “(w)hen 
the 5-year induction time was ignored, the ORT decreased marginally”. 

 
 Negative Study 
 

• O’Leary et al. (2006) studied night shift work, light-at-night and BC in Long Island, 
NY, as part of the Electromagnetic Fields and Breast Cancer on Long Island Study 
(EFBCLIS) Group.  There were 487 cases and 509 population-based controls, frequency 
matched to the expected age distribution of the cases in the study.  These subjects had to 
have participated in the earlier Long Island Breast Cancer Study Project (LIBCSP).  
Each case had to have lived in the same home for at least 15 years prior to the diagnosis 
of breast cancer, while each control had to have lived in the same residence for at least 
15 years prior to recruitment.  Cases had to have had their BC diagnosis within the 12 
month period beginning August 1, 1996.  Controls were concurrently recruited.  The 
LIBCSP had collected, via direct interview, complete job history information, including 
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shift work – all jobs held for at least 6 months beginning at age 16, full time or part-
time.  The EFBCLIS repeated the job history interview, without the shift work 
information, for the period 15 years prior to the date of BC diagnosis (cases) or 
recruitment (controls).  Military assignments were included.  Light-at-night information 
was obtained by interview, and included information about sleep hours, frequency and 
length of having lights on during sleep time for the 5 year period prior to the reference 
date.    

 
 Exposure to shift work was defined as ever having had a job (≥ 6 months, either part or 

full time) with at least 1 day per week of shift work, during the 15 years prior to the 
reference date.  Sub-groups were defined as follows: ever had an evening shift job; ever 
had an overnight shift job; ever had an evening shift, but never an overnight job; ever 
had an overnight shift; but never an even shift job.  Statistical analyses were adjusted for 
reference date, parity, family history of BC, education, history of benign breast disease.   

 
 For any of the various categories of shift work during the 15 years prior to the reference 

date, there was no elevated risk of BC.  However, ‘any overnight shift work’ had a 
statistically significant OR below one.  The referent group included subjects with a jobs 
having less than 1 shift work day per week.  Such a job could have been held for many 
years.  The OR for at least 8 years of overnight shift work was statistically significantly 
below 1.  For light-at-night within 5 years prior to the reference date, the only 
statistically significant finding was an OR = 1.65 for waking up and turning on lights at 
least 2 times per night versus doing so no more than 3 times per month. 

 
 The authors conclude that their study “provides mixed evidence for the light-at-night 

hypothesis”.  Analyses of shift work within 5 years of the reference date, the 
“induction” period used by Hansen (2001), were not presented.  Overnight shift work 
was in the work history of only 26 cases and 50 controls; a duration of at least 8 years of 
overnight shift work was experienced by only 6 cases and 19 controls.  Thus, the 
effective, “exposed” sample size was quite small.  Information as to when this shift 
work occurred relative to the reference date was not provided.  

 
 E. Occupational Case-Control Studies of MF Exposure as a Risk Factor for Breast 

Cancer 
 

Conclusion: There is rather strong evidence from case-control studies that 
longterm, high occupational exposure to ELF magnetic fields is a risk factor for 
breast cancer.  Six (6) independent studies are reviewed.  Four (4) have positive 
conclusions, while two (2) are negative. The latest study is particularly strong.  The 
two negative studies have serious shortcomings in exposure classification and come 
from the same research group. 

 
There have been several case-control studies of occupations with more or less high MF exposure 
and the risk of breast cancer.  These studies have been generally positive, in the sense that there 
appears to be an increased risk.  Earlier studies generally lack appropriate exposure information 
(e.g., Wertheimer and Leeper, 1994).   
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 Positive Studies 
 

• Peplonska et al. (2007) have conducted a large, population-based, case-control study of 
breast cancer and 73 occupational categories.  All incident cases of cytologically or 
histologically confirmed breast cancer among women aged 20-74 in Warsaw and Lódź, 
Poland, in 2000-2002 were identified.  2,502 controls were randomly selected using the 
Polish Electronic System of Population Evidence, which maintains records on all 
citizens of Poland.  Controls were matched to cases by city of residence and age ± 
5years.  A structured questionnaire was completed by 79% of the cases and 69% of the 
controls.  The questionnaire included items related to demographics, reproductive and 
menstrual history, hormone use history, physical activity, occupational history for all 
jobs held at least 6 months, smoking, alcohol use, diet, cancer history in female 
relatives, medical and screening history, prenatal exposures, and history of weight and 
height development.  Occupational information included job title, start and stop dates, 
employer, company products and/or services, work activities and duties, physical 
activity related to work, passive smoking, and exposures to a list of chemicals.  The 
study was funded by the U.S. National Cancer Institute (NCI) and managed by Westat 
(Rockville, MD). 

 
Statistical adjustment was made for age, age-at-menarche (≤ 12; 13-14; ≥ 15), 
menopausal status; age-at-menopause, parity ≤ 1; 2; ≥ 3), body mass index (< 25; 25-30; 
≥ 30 kg/m2), first degree female family history of BC, education (< high school; high 
school; some college or professional training; college degree), previous mammographic 
screening, and city of residence.  Oral contraceptive use, marital status, tobacco and 
alcohol use, age-at-first full term birth, breastfeeding, recreational and occupational 
history were not used for adjustment in the final analyses because they had “little 
impact” on the results. 
 
In the primary analyses, for each specific job category/industry, the referent group 
consisted of all subjects who did not work in that job/industry for at least 6 months.  For 
each specific “white-collar” occupation, additional analyses using all other white-collar 
jobs as the referent group were conducted.  This was thought to provide at least a partial 
account for socio-economic factors not accounted for by education.  Similar blue-collar 
job analyses were not conducted.  Several job categories containing occupations with 
elevated MF exposure had statistically significantly elevated ORs. 
 
** These ORs were significantly elevated despite the fact that all other occupations with 
elevated MF exposure were placed in the referent group. ** 
 
ELF MF exposure was determined using a job exposure matrix developed within NCI 
for a brain cancer study.  No, low, medium and high categories were developed by 
“experienced industrial hygienists”.  (No reference was provided.)  The highest MF 
exposure category of all jobs for an individual was used in analyses.  99% of the high 
exposed subjects were so ranked due to employment as machine operators and tenders 

37



EMF & Melatonin: AD & BC              Davanipour & Sobel 

 

in the textile apparel and furnishing industry.  Information on which occupations were 
classified as low or medium MF exposure were not provided.   
 
** It should be noted that (1) ‘tenders’ generally provide maintenance to machinery and 
(2) operators of machines other than sewing machines, e.g., cutters, both have lower MF 
exposure than seamstresses. ** 
 
The OR for high MF exposure versus no exposure was significant: OR = 1.5, 95% CI = 
[1.1 – 2.0].  For low exposure, the OR was also significant: OR = 1.2, 95% CI = [1.0 – 
1.5].  For medium exposure the OR was also 1.2, but the 95% CI was [0.9 – 1.5].  
Additional data analyses were not provided.  The OR for high exposure among textile 
apparel machine operators and tenders is in line with the statistically significantly 
increased OR for seamstresses in the Forssén et al. (2005) study (see below under 
“negative studies”) discussed below.  In the Forssén et al. study (2004), seamstresses 
were classified as having medium-low MF exposure. 
 
Specific ORs for occupations classified (surprisingly and for some likely incorrectly) as 
having high (as opposed to low or at most medium) MF exposure by Forssén et al. 
(2004) (see below) were calculated: cooks (OR=1.0); computer scientists (OR=1.3); 
computer and peripheral equipment operators (OR=0.7); data entry keyers (OR=0.3); 
dentists (OR=0.6); dental nurses (OR=1.0); counter clerks and cashiers (OR=1.1); and 
telephone operators (OR=0.9). 

 
• Labréche et al. (2003) studied occupational ELF MF exposure and post-menopausal 

breast cancer.  Cases and controls were identified through pathology department records 
at 18 hospitals in Montreal, Canada.  These hospitals treat most of the breast cancer 
cases in the area.  Age was restricted to 50-75 at the time of initial diagnosis of primary 
BC.  Cases had to be residents of the region and the diagnosis had to have been in 1996 
or 1997.  Controls had one of 32 other cancer diagnoses and were frequency matched by 
age and hospital.  The following cancers were excluded: liver, intrahepatic bile duct, 
pancreas, lung, bronchus, trachea, brain, central nervous system, leukemia, lymphoma, 
and non-melanoma skin cancer, but not gastrointestinal (Schernhammer et al., 2003) or 
colorectal cancer (Bubenik, 2001). 
 
Complete occupational history, including task descriptions, and other personal 
information was obtained by personal interview, either of the subject or a surrogate if 
the subject was deceased or otherwise unavailable.  Specialized occupational 
questionnaires were used for specific occupations, including sewing machine operators, 
cooks and nurses.  The development of these questionnaires was lead by Jack 
Siemiatycki.  See, for example, Siemiatycki et al. (1991, 1997).  ELF MF exposures 
were estimated from detailed descriptions of tasks, equipment used, and the work 
environment by industrial hygienists intimately familiar with Montreal workplaces.  The 
MF exposure categories and primary occupations were as follows: no exposure (< 2 
mG; low exposure (2-5 mG, “typical jobs”, including VDT operators, electric typewriter 
operators); medium exposure (5-10 mG; denturists, machinists); and high exposure (≥ 
10 mG; sewing machine operators, textile workers).  The industrial hygienists 
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“confidence” in each subject’s exposure assessment was obtained as definitely no 
exposure, or low, medium, and high confidence of exposure. 
 
Exposures to benzene, perchloroethylene, and alphatic aldehyes, chemicals found in the 
textile industry, were also considered. 
 
Statistical adjustments were made for age at diagnosis, family history of breast cancer, 
education, ethnicity, age-at-bilateral oophorectomy, age-at-menarche, age-at-first full-
term pregnancy, oral contraception use, duration of HRT, total duration of breast 
feeding, alcohol use, smoking, and body mass index, as appropriate.  Adjustment was 
also made for proxy versus personal responses because proxies tend to report fewer 
jobs.  In addition, duration of employment in the textile industry was an adjustment 
variable.  As mentioned previously, adjustment for age-at-menarche is probably not 
appropriate due to melatonin’s causal relationship with age-at-menarche. 
 
In addition to the categorical analyses, the number of hours of medium or high exposure 
was used as a risk factor.  The number of hours from the lower limit of the second 
quartile to the upper limit of the third quartile of medium/high exposure was 6000 
hours.  ORs were presented for a difference of 6000 hours. 
 
All analyses, e.g., no exposure vs ever exposed, prior to 10 years before diagnosis, or 
before age 35,  were non-signficant and non-elevated except for the following ones, 
adjusted for textile industry employment and other factors: 
 

 No exposure vs medium-to-high exposure – OR = 1.90, 95% CI = [0.99 – 3.85]; 
 6000 hour increase in medium-to-high exposure – OR = 1.21, 95% CI = [0.97 – 

1.49]; 
 6000 hour increase in medium-to-high exposure prior to 10 years before diagnosis 

– OR = 1.31 (p<0.05); 
 6000 hour increase in medium-to-high exposure prior to age 35 – OR = 1.54 

(p<0.05). 
 
The significant results appear to be primarily due to MF association with progesterone 
positive and/or estrogen positive breast cancers. 
 
The use of a 10 year lag eliminates exposure periods which may be too near the 
diagnosis time to be etiologically relevant.  The analysis of exposures prior to age 35 
identifies the time period when the development of female breast cells appears to cease. 
 
The use of textile industry employment (yes/no) or length of time in the textile industry, 
as appropriate, as a covariate provides some adjustment for chemical exposures.  Thus, 
the increase in the ORs when adjustment was also made for textile industry employment 
relates to MF exposure. 
 
Finally, controls also had cancer.  While many of the excluded cancers may conceivably 
have ELF MF as a risk factor, some of the non-excluded ones may also.  This is 
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especially true if the melatonin hypothesis is correct.  Thus, the OR estimates may be 
biased towards 1. 
 

• Kliukiene et al. (1999, 2003, 2004) and Tynes et al. (1996) studied occupational MF 
exposure and breast cancer among Norwegian women in general and radio and 
telegraph operators in particular.  These were follow-up studies.  A population-based 
cohort of 1.1 million women was developed using the 1960, 1970, and 1980 censuses.  
All women were working at the time of enrollment and had a potential for occupational 
MF exposure.  The follow-up period was from 1961-1992.  Date of birth, and census 
information about occupation and socioeconomic status was obtained.  Incidence of 
breast cancer was obtained from the Cancer Register of Norway.  Out-migration 
information was obtained. 

 
For the countrywide, all occupations study (1999), MF occupational exposure 
assessment was not optimal, but was as follows.  The first method used expert opinion.  
An expert panel, using written guidelines, decided whether a given occupation had MF 
exposure above 1 mG for than 4 hours per week, between 4 and 24 hours per week, or 
more than 24 hours per week.  Occupations were identified by a 3-5 digit industry code 
and a 3-digit occupation code.  For cumulative exposure, the mean of each of the three 
(3) levels of exposure were used: 2 hours; 14 hours, 32 hours (based on a 40 hour 
week).  It was assumed that each subject was in the same occupation from census to 
census, unless she died, emigrated or turned age 65. 
 
The second method used the Swedish job exposure matrix used in the Forssén et al. 
(2000) study (below), which was constructed from observations of male workers.  
Cumulative exposure was categorized as below 9 mG-years, between 9 and 14 mG-
years, between 14 and 30 mG-years, and above 30 mG-years.  Exposure was also 
classified by number of work hours of exposure above background (1 mG): below 900 
hours; 900-999 hours; 1000-1999 hours; 2000 or more hours. 
 
Poisson regression, with adjustment for age, time period, and socioeconomic status, was 
used to estimate the relative risk (RR) of breast cancer.  22,543 breast cancer cases were 
diagnosed during the follow-up period.  In the total cohort and the two sub-cohorts for 
those below or at least 50 years of age at inclusion in the cohort (Kliukiene et al., 2004), 
the RRs were statistically significantly above 1.0 for each category of number of 
exposed hours, with below 900 hours as the reference category.  For each cumulative 
exposure category above the reference category (below 9 mG-years, the RR for the total 
was statistically elevated.  For the two sub-cohorts, the RRs were significantly elevated 
for the 9–14 and 14–30 mG-years categories.  For the 30+ mG-years category the RRs 
were elevated, but lower bounds of the 95% CIs were 0.98 and 0.99. 
 
These studies did not have very good occupational data. 
 
For the radio and telegraph operators studies, the same cohort and occupational 
determination method was used.  The Kliukiene et al. (2003) study was identical to the 
Tynes et al. (1996) study, except for a longer follow-up.  By the end of May 2002, there 

40



EMF & Melatonin: AD & BC              Davanipour & Sobel 

 

were 99 breast cancer cases among the 2619 radio and/or telegraph operators in the 
cohort.  The standardized incidence ratio was 1.30, 95% CI = [1.05 – 1.58]. 
 
A nested case-control study was also conducted, using the 99 BC cases and 4 controls 
per case matched on year of birth ± 5 years for cases born prior to 1920 and ± 1 year for 
cases born in 1920 or later.  It was an update of an earlier study by Tynes et al. (1996).  
The reference category consisted of subjects (all radio and/or telegraph operators) who 
were not registered in the Norwegian Seamen Registry, i.e., had no history of working 
on merchant ships.  MF exposure was not particularly explicit.  It seems to have been 
assumed that that women who had no history of working on merchant ships had lower 
MF exposure (ELF and radiofrequency) than those with a history of such work.  Spot 
ELF MF and radiofrequency MF measurements in the radio/telegraph rooms of 2 and 3 
ships, respectively, were performed.  RF magnetic and electric fields were below the 
detection level of the instruments at the operator’s desks.  ELF magnetic fields varied 
from 0.2 mG to 60 mG at the operator’s desks.  However, the highest exposures were 
only to the stretched out leg.  “Normal” exposure to the body varied from 1 mG to 2 
mG.  Thus, exposure was certainly not high. 
 
Tertiles of cumulative exposure at sea were used in the statistical analyses, with 
adjustment for age-at-first birth and parity.  Detailed job histories on each ship were 
available for each ‘exposed’ subject.  For each ship, the amount of time spent in the 
radio/telegraph room was estimated by an experienced researcher.  A rank of 1-3 was 
assigned: 1 – ‘long voyage’ for tankers or dry-cargo ships with longer stays as sea; 2 – 
‘many calls’ for trade ships with several loading and discharge ports; 3 – larger 
passenger ships.  Increasing rank implies increasing percentage of time spent in the 
radio/telegraph room.  Exposure was then calculated by summing the product of the 
number years of service on ships of each rank by the rank of the ships. 
 
Analyses were conducted for total exposure, and for total exposure with lag times of 10 
and 20 years prior to BC diagnosis.  Analyses were conducted for (1) all cases and 
controls, for cases and controls below age 50 in the reference year, and for cases and 
controls at least age 50 in the reference year, and (2) ER+ and ER- cases. 
 
No OR was statistically significant for any analysis without consideration of ER status.  
However, there was a statistically significant increasing trend in the ORs over 
cumulative exposure categories in the analyses for all cases, cases younger than 50, and 
cases at least age 50.  There was also a significant upward trend for a 10 year lag time 
using all cases.  The ORs for the highest exposure category were all elevated, but not 
significant perhaps because of the sample size. 
 
For analyses by ER status, the only significant finding was for ER- cases, age 50+ in the 
highest exposure category.  There were elevated ORs for all exposure categories for all 
ER- cases, and for the highest exposure category for ER+ cases and for ER+ cases 
below age 50. 
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The authors concluded that “occupational exposure to electromagnetic fields increases 
the risk of (female) breast cancer” (Kliukiene et al., 2003). 
 

• Loomis et al. (1994) investigated BC mortality among female electrical utility workers.  
This study used U.S. national death certificate information, 1985-1989, to identify cases 
and controls (without leukemia or brain cancer as a cause or contributing cause of death) 
and occupations.  There were 27,814 women with breast cancer and sufficient 
occupational information, of whom 68 had an “electrical” occupation.  There were 
110,750 controls, of whom 199 had an “electrical” occupation.  The primary factor 
limiting the sample size was the availability of occupational information.  It should be 
noted that use of occupational data from death certificates is far from optimal.  
Statistical adjustments were made for age, ethnicity, and social class.  Loomis et al. 
found an elevated risk associated with having an electrical occupation recorded on the 
death certificate: OR=1.38 (p<0.05).  The only specific occupation with a statistically 
significant elevated risk was telephone installers, repairers and line workers: OR=2.17.  
Electrical engineers and electrical technicians had ‘elevated’, but not significant risk 
estimates (OR=1.73 and 1.28).  On the other hand, air traffic controllers, telephone 
operators, data keyers, computer operators, computer programmers did not have 
‘elevated’ risk estimates.   

 
In a letter commenting on the Loomis et al. paper, Kantor et al. (1995) analyzed 
essentially the same data set, with the inclusion of data from 1984.  They used an 
industrial hygienist to estimate the probability of occupational ELF MF exposure or 
video display terminals (0, low, medium or high) among white and black women.  The 
ORs were statistically significant (but not particularly high) for medium or high 
probability of exposure for both white and black women.  When the hygienist actually 
categorized the level of ELF MF exposure, only medium exposure was associated with a 
statistically significant OR.  High exposure had somewhat lower ORs. 

 
 Negative Studies 
 

• Forssén et al. (2005) published a case-control study of occupational MF exposure and 
breast cancer.  This study may be considered influential, unless reviewed in detail.  So 
considerable detail is provided.  

 
The Forssén et al. (2005) study found no association between occupational 
MF exposure, as determined by Forssén et al. (2005) , and breast cancer.  The 
study is singled out because (1) it is essentially well designed, and (2) has a 
completely inappropriate ELF MF occupational classification scheme based 
on either non-representative workers in specific occupations or what should be 
considered quite suspect individual measurements (Forssén et al., 2004).  
Many occupational groups which are generally considered to contain higher 
MF exposed occupations have been classified as low or medium-low 
exposure.   
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** Forssén et al. (2005) did find that seamstresses had statistically 
significantly elevated risk of breast cancer.  However, they classified 
seamstresses as having medium-low MF exposure. ** 
 

Forssén et al. (2005) used newly collected exposure data for occupations in which 
women commonly work (Forssén et al., 2004).  The exposure study assessed 
occupations identified within the Swedish 1980 census.  Forty-nine (49) specific 
occupational titles were identified.  Volunteers working in each of these occupations 
were then ascertained by methods which are not specified.  Personal 24-hour ELF MF 
measurements were obtained on what was presumably supposed to be a typical 24-hour 
day, using a dosimeter worn at the waist.  The volunteers kept a diary so that time 
periods at work, at home, and elsewhere could be identified.  The number of subjects 
with measurements by occupation ranged from 5 to 24.  The total number of subjects 
measured was 471. There were only 5 observations for Seamstresses, and 5 Radio and 
Television Assemblers and Repairwomen.  The workday measurements were used for 
classification purposes.  In the epidemiologic study of breast cancer, 4 categories of 
exposure were used: Low (< 1 mG); Medium-Low (1-1.9 mG); Medium-High (2-2.9 
mG); and High (≥ 3 mG).  The occupations in the categories above ‘low’ are provided 
in Table 9.  The arithmetic rate of change measure was also calculated.  Seamstresses 
and Radio and Television Assemblers and Repairwomen were both classified as 
medium-low exposed occupations.  The 5 seamstresses measured for exposure had their 
own small businesses and did not work in apparel manufacturing.  They evidently also 
did not do much sewing.  They spent 55% of their workday in fields below 1 mG and 
only 15% in fields above 3mG.  This is only an average of 1 hour and 12 minutes of 
‘high’ exposure during a working day.  In the two counties in Sweden in which both the 
measurement study and the breast cancer case-control study were performed, there was 
almost no apparel manufacturing (Forssén et al., 2004; personal communication, M. 
Feychting, 2007).  Still, it is difficult to imagine such low exposures among women who 
actually work as seamstresses. 

 
The cases and controls were obtained from all women who were employed at any time 
between 1976 and 1999, based on any of the censuses between 1960 and 1990, in either 
Stockholm or Gotland counties, Sweden.  Subjects entered the study in either 1976 or 
their 15th birthday, which ever came first, and were followed through 1999 or to the date 
of their initial breast cancer diagnosis.  Cases were identified through the Regional 
Cancer Registry in Stockholm.  The referent year was the year of the case’s diagnosis.  
Controls were selected randomly by age and calendar year, apparently matched to cases.  
Cases could not also be controls.  Both cases and controls had to be living in Stockholm 
or Gotland counties during the referent year.  All information, including occupational 
history, was obtained from registries.  20,400 cases and 116,227 controls were enrolled 
in the study.  Varying numbers of cases and controls were used in the analyses, 
depending on the availability of occupational and other data.  Statistical adjustment was 
made for age, referent year, parity, and socioeconomic status. 
 
For statistical analyses, exposure was assessed in various ways: (1) MF exposure for the 
occupation closest to the time prior to the referent year; (2) MF exposure at the most 
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recent census which was at least10 years prior to the referent date; (3) MF exposure at 
the most recent census when the subject was at least age 35.  Analyses were also carried 
out by (4) splitting the study period at 1985, by (5) only using subjects who either 
always had low exposure or ever having had high exposure, and by (6) defining low 
exposure as a median less than 1 mG and a third quartile of less than 1.7 mG and high 
exposure as a median greater than 2.5 mG and a first quartile including 1.7 mG.  With 
these definitions, high exposed occupations were cashiers, working proprietors in retail 
trade, air stewardesses, dental nurses, cooks, post office clerks, and kitchen maids.  No 
time latency period was used in the analyses related to (3). 
 
There were no significant or elevated adjusted ORs for analysis (1) using the 4 
categories of exposure, either for all BC cases, ER positive cases, or ER negative cases, 
for age below or at least 50.  The referent group had MF exposure below 1 mG.  There 
were no significant or elevated adjusted ORs for analysis (1) using low versus high 
(separated) exposure categories defined by (6), above. 
 
Finally, in a series of analyses based on exposure 10+ years before the referent year, 
before age 35 for post-menopausal women, referent year before or after 1985, maximum 
point exposure, rate of change, and proportion of time exposure was above 3 mG, only a 
single adjusted OR was significant.  The significant OR=0.87 and was for medium-high 
MF exposure among post-menopausal women before age 35. 
 
It is thus fair to say that Forssén et al. (2005) found no relationship between their 
assessment of MF exposure and breast cancer.  The authors do recognize that “(t)he 
major concern in the study is exposure misclassification”. 
 
Their job exposure classification is at odds with other classifications.  Forssén et al. 
(2004, 2005) have classified Dental Nurses, Cashiers in Retail Stores and Restaurants, 
Working Proprietors in Retail Trade, Cooks, and Air Stewardesses as high MF exposure 
occupations.  None of these occupations would be classified as having high MF 
exposure in any other classification scheme.  The common cut-point for high exposure 
is 10 mG.  Cashiers, cooks, and air stewardesses may at times have medium or high 
exposure, depending on (1) the exposure from scanners, (2) the exposure from 
microwave ovens, mixers, other motorized kitchen equipment, and (3) the exposure time 
from sitting near electrical panels on takeoff and landing and in the airplane’s kitchen 
areas. 
 

** Forssén et al. should conduct a sub-study to determine the actual environment in 
which the seamstresses in their study worked, the type of machines used (industrial, 
home; AC or DC operation), and the percent of time spent actually sewing.  They 
also should conduct a study of seamstresses in general in Stockholm and Gotland 
counties and the in-migration rates.  Also, the authors note an occupational category 
labeled ‘textile occupations’, which certainly includes seamstresses, but is otherwise 
undefined in the paper.  Textile occupations need to be specified and studied 
individually, as was done by Hansen et al., 2000.  It is important to determine 
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whether the “seamstresses” in the Forssén et al. (2005) study have fundamentally 
different levels of exposure than seamstresses in other studies.** 

 
The only significant occupational finding in this study related to seamstresses.  Two 
analyses were conducted related to seamstresses (Table 10), probably because their 
exposure assessment was so at odds with every other series of exposure measurements 
of seamstresses.  First, the OR for ‘textile occupations’, undefined in the paper, versus 
low MF exposed occupations was 1.37, 95% CI = [1.11 – 1.68].  Second, the OR for 
‘textile occupations’ versus all other occupations, regardless of MF exposure 
assessment, was 1.33, 95% CI = [1.10 – 1.62].  The authors state that their results 
“suggest that the increased risk for breast cancer in these occupations might be related to 
some exposure other than magnetic fields”. 
 
‘Textile occupations’ were not defined, but could certainly have included a multitude of 
occupations with quite varying chemical exposures, and generally medium or high MF 
exposures.  However, none of the 49 occupational categories, other than seamstress, 
used in the study appear to relate to textile occupations, if sales and administration are 
excluded.   
 
The numbers of seamstresses as cases or controls in the study are not provided.  
However, in the AD studies by Sobel and Davanipour (1995, 1996, 2007), 
approximately 2% of the controls were seamstresses.  Thus, there may have been at least 
2000 seamstresses among the controls.  Assuming that most, if not all women in “textile 
occupations” were seamstresses, and based on the OR of “textile occupations” vs MF 
exposure below 1 mG, the number of seamstresses with BC in the study can be 
estimated as approximately 475.  Rough calculations indicate that if seamstresses are 
reclassified as having high MF exposure (> 3 mG), the adjusted OR for high 
occupational MF versus low occupational MF exposure would be about 1.10 and 
statistically significant.  It is worth repeating that the Forssén et al. (2004) occupational 
classification for high MF exposure is (1) not as high as usual and (2) measured 
workday exposures are unusual for such occupations. 

 
• Forssén et al. (2000) conducted an earlier case-control study of occupational and 

residential MF exposure and breast cancer.  The cohort from which the study population 
was obtained consisted of all Swedish residents who lived within 300 meters of a (high 
power, 220 or 400 kilovolt) transmission line for at least one year between 1960 and 
1985 and were at least age 16 sometime in the period.  Subjects in this group living 
further away from transmission lines essentially had no exposure from such lines.  Cases 
were identified through cancer registries.  Controls were randomly selected and matched 
by age group, residence in the same parish at the time of diagnosis of the case and in the 
same type of house (single-family/apartment further than 300 meters from the same 
power line.  (The parish/power line criteria were relaxed for 95 cases; a control could 
not be found for 7 cases.)  Residential exposure was calculated from the MF generated 
by power lines.  Occupation information was obtained from census data.  An older job-
exposure matrix was used to assess occupational MF exposure.  Low (< 1.2 mG), 
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medium (1.2 – 1.9 mG), and high (≥ 2.0 mG) exposure categories were selected, based 
on quartiles.  Exposure greater or equal to 2.5 mG was also considered.   

 
Statistical adjustments were made for the matching variables.  Only occupational 
exposure immediately prior to the diagnosis of BC and only residential exposure at the 
time of diagnosis was used in the analyses.  No information concerning occupations of 
the subjects was provided.  It is unlikely that seamstresses were included in the analyses. 
 
No significant findings were identified.   
 
Of 1767 cases and 1766 controls, only 711 and 709, respectively, had residential 
exposure information, only 744 and 764 had occupational exposure information, and 
only 197 and 200 had both types of exposure information.  For the actual analyses of 
occupational exposures, with matching variable adjustment, there was complete 
information for only 440 cases and 439 controls.  For analyses using both occupation 
and residential exposures, and matching variables, there was complete information for 
only 87 cases and 83 controls.  

 
 F. Residential Case-Control Studies of MF Exposure as a Risk Factor for Breast 

Cancer 
 
Residential MF exposure studies and BC have either used wire configuration coding, proximity 
to high voltage lines, various protocols of room measurements, or a combination of these 
methods.  These studies have generally not found any increased risk of breast cancer (e.g., 
Feychting et al., 1998; Davis et al., 2002; London et al., 2003; Schoenfeld et al., 2003).  
Residential studies have measured actual magnetic fields only in current homes of cases and 
controls, thus homes which might be etiologically relevant are often or usually without actual 
measurements.  Wire configurations and proximity to high voltage lines were at times used for 
surrogate measures of exposure related to previous homes.  Each of these three methods of 
assessment of the level of exposure leads to significant classification errors.  In addition, 
residential exposures are, almost always, surely relatively low.  Individualized exposure, due for 
example to home sewing, sitting or sleeping near a panel of circuit breakers, sitting near a water 
pipe (e.g., in the floor or ceiling), is not identified.  For homes near high voltage lines, rooms can 
have dramatically different ambient levels of MF.  For these reasons, these studies are not 
relevant to the purposes of this review.  
 
 G. Radiofrequency Exposure and Breast Cancer 
 
There are no epidemiologic studies of radiofrequency MF exposure and breast cancer which do 
not include ELF MF exposure and which have reasonable data on RF    exposure, e.g., Kliukiene 
et al. (2003), above. 
 
 
 
 
V. SEAMSTRESSES 
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Conclusion: Seamstresses are, in fact, one of the most highly MF exposed 
occupations, with exposure levels generally above 10 mG over a significant 
proportion of the workday.  They have also been consistently found to be at higher 
risk of Alzheimer’s disease and (female) breast cancer.  This occupation deserves 
specific attention in future studies. 

 
Seamstress was the primary occupation among women with high MF exposure in the Sobel et al. 
(1995, 1996b) and Davanipour et al. (2007) studies related to AD.  No other published AD study 
has evidently involved populations in which sewing was a somewhat common occupation.  In 
the 5 independent case-control studies presented in the 3 Sobel & Davanipour papers, most of the 
high MF exposed women (cases and controls) were seamstresses.  (Among women in these case-
control studies, the Mantel-Haenszel AD odds ratio for seamstresses is 3.13, p < 0.01).  
Information about sewing as a hobby, which at least used to be common, was unavailable.  
Seamstresses have been shown to have very high ELF MF exposures (e.g., Szabó et al., 2006; 
Kelsey et al., 2003; Deadman and Infante-Rivard, 2002; Hansen et al., 2000).  Forssén et al. 
(2004) measured 5 “seamstresses” who owned independent small businesses and found what 
they classified as medium-low exposure – a mean of 1.7 mG.  These 5 individuals used home 
sewing machines and evidently did not sew much.  Peplonska et al. (2007), using a NCI 
occupational MF classification scheme found that, at least among women, nearly all high 
exposures occurred among textile machine operators and tenders.  Both Forssén et al. (2005) and 
Peplonska et al. (2007) found statistically significantly elevated ORs for breast cancer among 
seamstresses/textile machine operators and tenders. 
 
Sobel and Davanipour (1996c) measured ELF MF exposure from several home sewing machine 
models, both AC and DC models, to several parts of the body.  The results are provided in Table 
8.  These results show that (1) high ELF MF exposure occurs to many parts of the body, (2) 
exposures vary by manufacturer, model, and even by machines of the same model, and (3) 
exposures depend on whether the machine operates by AC or DC current.  For Alzheimer’s 
disease and for breast cancer, it is not known where exposures may be most important.  The 
peripheral Abeta hypothesis, if correct, would indicate that exposure to any location is important 
for AD.  To affect pineal production of melatonin, it is not known whether exposure to the pineal 
gland is what is most important.  For example, a majority of breast cancers causally lower pineal 
melatonin production.  Because the melatonin production rebounds after excision of the tumor, 
the tumor itself must be secreting something that leads to the decline in melatonin production.  
Thus, it is conceivable that MF exposure may, at least in some individuals, also lead to the 
peripheral production of something that also causes a lowering of melatonin production.  It is 
also not known whether MF exposure directly to the breast is etiologically important.  Note that 
the right breast receives higher MF exposure from home sewing machines.  No studies of right 
versus left breast cancer and use of home sewing machines have been published. 
 
ACKNOWLEDGEMENT 
 
The authors thank Dr. James Burch, University of South Carolina, for his careful review of the 
manuscript and his helpful suggestions and comments. 
 

47



EMF & Melatonin: AD & BC              Davanipour & Sobel 

 

 
 
 
Figure 1: Hypothesized Biological Pathway from MF Exposure to AD 
Development (from Sobel & Davanipour, 1996a) 
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Figure 2: Outline of the Evidence that ELF MF Exposure Causes Breast Cancer through 
Decreases in Melatonin Production – with Section References 
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Table 1: Baseline Data Results from the 1999 Mayeux et al. Paper: Means (Standard 
Deviation) 

_____________________________________________________________________   
  
 Variable    Cognitively Normal       Developed AD 
            at Follow-Up     (3.6 Year Average Follow-Up) 
_____________________________________________________________________ 
 
 Sample Size (n) 105 64 
   Age    73.4 (5.3)   77.4 (5.9)a 

 Education      9.3 (4.6)     7.5 (3.8)a 
 Aβ1-40 (pg/ml)  111.8 (44.1) 134.7 (46.4)a 
 Aβ1-42 (pg/ml0    51.5 (42.0)   82.4 (68.8)a 
 Aβ1-42/ Aβ1-42      0.51 (0.41)     0.67 (0.56)b 
__________________________________________________________________ 
 
 Notes: Cognitively normal was determined at baseline by the global Cognitive Dementia 

Rating (CDR) scale with CDR=0 being normal.  AD was diagnosed based on a CDR of 0.5 
or 1.0, and clinical, functional and neuropsychological assessment as specified by the 
NINCDS-ADRDA criteria.  a p ≤ 0.0001; b p < 0.05. 

 
 
Table 2: Baseline Data Results from the 2003 Mayeux et al. Paper: Means (Standard 

Deviation) 
__________________________________________________________________   
  
 Variable    Cognitively Normal  Developed AD 
            At Follow-Up     (Up to 10 Year Follow-Up) 
__________________________________________________________________ 
 
 Sample Size (n) 365 86 
   Age    75.5 (5.9)   79.3 (6.6)a 

 Education      9.0 (4.6)     6.8 (4.5)a 
 Aβ1-40 (pg/ml)  133.3 (61.9) 136.2 (46.7)c 
 Aβ1-42 (pg/ml0    58.8 (32.9)   76.5 (59.8)b 
 Aβ1-42/ Aβ1-42      0.48 (0.3)     0.61 (0.53)b 
__________________________________________________________________ 
 

Notes: Cognitively normal was determined at baseline by the global Cognitive Dementia 
Rating (CDR) scale with CDR=0 being normal.  AD was diagnosed based on a CDR of 0.5 
or 1.0, and clinical, functional and neuropsychological assessment as specified by the 
NINCDS-ADRDA criteria.  a p ≤ 0.001; b p < 0.05; c Not Significant. 
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Table 3:  Post-Work Levels of Aβ1-40, Aβ1-42, Aβ1-42/Aβ1-42 by MF exposure among Electrical 
Workers in the Noonan et al. (2002a) Study 

 
     __________________________________________________________________ 
  
 MF Exposure  Aβ1-40  Aβ1-42 Aβ1-42/Aβ1-42 Sample Size 
   (pg/ml) (pg/ml) 
     __________________________________________________________________ 
    
    < 0.5 mG   125   136 1.03 20 
 0.5 – 0.99 mG   137   163 1.11 25 
 1.0 – 1.99 mG   128   166 1.19   8 
  ≥ 2.0 mG   156   262 1.46   7 
     __________________________________________________________________ 
 
 
Table 4: Correlation (Corr) between Post-Work Creatinine-Adjusted aMT6s and Amyloid Beta 

by Number of Minutes between Samples in the Noonan et al. (2002a) Study 
 
__________________________________________________________________ 
 
 Number of Sample Size Aβ1-42 Aβ1-40 Aβ1-42/ Aβ1-40  
 Minutes Corr    p-Value Corr p-Value Corr p-Value 
__________________________________________________________________ 
 
 All Subjects 60 -0.25 0.057 -0.19 0.144 -0.23 0.080 
  ≤ 90  46 -0.30 0.047 -0.22 0.154 -0.27 0.080 
  ≤ 60 37 -0.37 0.027 -0.25 0.150 -0.37 0.029 
  ≤ 30 23 -0.43 0.054 -0.28 0.224 -0.42 0.059 
__________________________________________________________________ 
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Table 5: Amyloid Beta Levels by Tertile of Post-Shift Creatinine-Adjusted aMT6s Levels in 
the Noonan et al. (2002a) Study 

 
____________________________________________________________________ 
 
 aMT6s/Cr Aβ1-42 Aβ1-40 Aβ1-42/ Aβ1-40  
 Tertiles* Mean** 95% CI Mean**  95% CI Mean**  95% CI 
  (ng/mg) 
____________________________________________________________________ 
 
   ≤ 1.38 177 [112–258] 133 [111–156]  1.30 [0.86–1.74] 
  1.39–3.3 214 [120–334] 147 [125–170] 1.33 [0.85–1.90] 
   > 3.3 123 [  58–180] 123 [108–139] 0.82 [0.49–1.26] 
____________________________________________________________________ 
 
 *   n=60 subjects in each tertile 
 ** geometric mean averaged over the work shift   
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Table 6: Percentages of Subjects with Medium to High MF Occupations Exposure 
 
 

  STUDY   CASES   CONTROLS 

Sobel et al. (1995a)     9.3 %        3.4 % 
Sobel et al. (1996b)   12.0 %         5.3 % 
Davanipour et al. (2007)    7.4 %         3.8 % 
Harmanci et al. (2003)      10.5 %             3.1 % 
Feychting et al. (1998a)  43.0 %    23.0 % & 19.0 %# 

Graves et al. (1999)      19.1 % & 21.4 % 21.4 % & 22.5 %^ 

Qiu et al. (2004)   28.2 %*      28.8 %* 

     34.2 %**      42.7 %** 
       

    Cases & Controls Combined 

Feychting et al. (1998)  11.1 % 
Håkansson et al. (2003)  80.5 % - likely exposed engineering industry 
          workers 
Johansen et al. (2000)  56 % - electrical company workers 
Savitz et al. (1998a)  electric utility cohort – percentage not supplied 
Savitz et al. (1998b)  23.9 %  
 
# Two control groups;  
^ Two industrial hygienists 
* Based on estimated daily exposure in principal occupation; 
** Based on estimated daily exposure in all occupations 
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Table 7: Odds Ratios for the MF and AD Studies* 
 
                                                                                
 
  Study                  Risk Estimate (OR)             95% CI          p-value 
 
Sobel et al. (1995) (late-onset; L vs M/H) 
       3.0                1.6 –   5.4       < 0.001 
 
Sobel et al. (1996b) (late-onset; L vs M/H) 
          3.9                          1.5 – 10.6          0.006  
 
Feychting et al. (1998) (mostly late-onset; last occupation; by control group) 
  (exposure ≥ 2 mG)                   2.4                          0.8 –   6.9  --** 
                                   2.7                          0.9 –   7.8  --** 
  (exposure ≥ 5 mG)                   4.1                          0.7 –  23.5  --** 
       8.3   1.1 –  62.7  --** 
 
Graves et al. (1999) (late-onset; ever exposed) 
       0.95                        0.4 –   2.4  --** 
       0.74                        0.3 –   2.4  --** 
 
Harmanci et al. (2003) (late-onset) 4.0   1.0 – 15.8  --** 
             (exposure as defined in Sobel et al. (1995, 1996b)) 
 
Qiu et al. (2004)  (age ≥ 75; exposure: ≥ 2 mG) 
     Men  2.3   1.0 –   5.1  --** 
     Women 0.8   0.5 –   1.1  --** 
 
Davanipour et al., (2007)   (exposure as defined in Sobel et al. (1995, 1996b)) 
     M/H vs L  2.2                         1.2 -   3.9       < 0.02 
        H vs L  2.7                            0.8  -  9.1       < 0.11 
 
                                                                                
   *  Studies use various types of controls and definitions of MF exposure.  See text. 
   ** p-values were not provided. 
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Table 8: Mean MF Exposures (mG) for Home Sewing Machines by Body Location: Continuous 2-Minute Measurements  
(Sobel & Davanipour, 1996c) 

 
 
 
   Sewing Machine    Background    Head       Breast     Pelvic Area      Thigh              Knee             Lower      Right  Foot Pedal 
                                           Left    Right              Left    Right      Left    Right      Right Arm    Hand 
                                                                                                                                               
 
   Alternating Current Machines (older machines) 
 
  Bernina 811            0.6       18.6     5.6     12.9     26.9     11.7     90.1       8.9     13.5        251.1       57.0        86.1 
  Bernina 811            0.9        1.7     2.6      5.4      8.2      4.5     11.6       6.8     36.5         77.1       31.7       102.0 
  Bernina 817            0.6        8.4     9.6     23.5     41.9     19.1     30.6       9.2     35.4        724.6      135.6         NA 
  Bernina 817            1.2       12.1    14.2     33.9     51.0     10.3    588.5       8.8    125.7        753.0      132.4         NA 
  Brother 920D           0.7        2.4     2.1      2.3      1.1      1.3      1.5       1.9      2.3          8.5       16.0         6.2 
  Necchi Type 525        0.3        5.1     2.0      1.1      2.5      1.1      2.4       2.0      5.1         25.9       22.6         5.9 
  Sears Kenmore          0.2        1.2     1.9      4.9      5.5      2.2      5.3       2.5     15.8         26.0       17.9        13.8 
  Singer 625             0.3        4.6     3.6      5.6      5.5      3.9      6.6       6.4     17.2          ...        ...         ... 
  Singer 5932            0.5        1.2     0.9      2.0      2.7      1.1      2.5       1.0      4.1          8.6       23.0         2.9 
  Singer 6212C           0.3        7.0     2.8      6.4      2.0      1.4      2.2       1.4      1.9         31.0       26.2         4.4 
  Viking Husqvarna 6020  0.8        1.5     1.3      1.5      2.7      1.4      2.0       3.1      9.1          5.9       24.9        62.3 
  White 1410             0.2        2.2     1.6      1.1      1.1      3.2     10.8       4.2     67.5         20.8       18.3         2.8 
 
  
  Direct Current Machines (newer machines) 
 
  Bernina 1000           1.0        1.3     1.6      2.3      2.9      1.9      2.5       2.8     11.2          8.1       41.2       798.0 
  Bernina 1090S          1.0        1.2     1.6      1.6      1.7      1.2      1.3       1.5      7.7          3.3       22.9         1.0 
  Elna Diva 900          1.6        5.1     3.9      4.1      4.1      3.0      3.1       3.2      8.4         40.4       57.1         1.8 
  Singer 3317C           0.7        3.4     1.6      2.9      2.2      2.1      2.2       1.5     11.3         22.1       25.8         5.8 
  Singer 9015            0.7        2.5     1.9      3.3      4.9      1.7      4.3       2.1     26.2          7.0       28.9         2.3 
  Viking Husqvarna 500   1.0        3.7     2.7      5.0      3.9      1.8      2.8       2.7     13.8         24.9       39.4         1.1 
                                                                                                                                               
 
 Percent > 2.0 mG        0%         67%     50%      78%      83%      50%      89%       72%      94%         100%       100%        80% 
                                                                                                                                               

 
Note: The Bernina 1000, Bernina 1090S, Elna Diva 900, Singer 3317C, Singer 9015 and Viking Husqvarna 500 were brand new.  The Singer 5932, 
Singer 6212C, and Brother 920D were 3-10 years old.  The Bernina 811 and 817 machines, the Sears Kenmore, the Singer 625 the Viking 
Husqvarna 6020 are probably at least 15 years old.  Both the White and the Necchi are fairly old.  NA = not applicable, i.e., there was no foot pedal.  
"..." = no measurements were taken, e.g., because of machine malfunction.
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Note: The Bernina 1000, Bernina 1090S, Elna Diva 900, Singer 3317C, Singer 9015 and Viking Husqvarna 500 were brand new.  The Singer 5932, 
Singer 6212C, and Brother 920D were 3-10 years old.  The Bernina 811 and 817 machines, the Sears Kenmore, the Singer 625 the Viking Husqvarna 
6020 are probably at least 15 years old.  Both the White and the Necchi are fairly old.  NA = not applicable, i.e., there was no foot pedal.  "..." = no 
measurements were taken, e.g., because of machine malfunction.
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Table 9: Classification of Occupations in Forssén et al. (2005) 
 
 
  Classification Occupation  24-Hour Geometric Mean Average (mG) 
______________________________________________________________________ 
 
  High (≥ 3 mG) Dental Nurse 3.0 
 Air Stewardesses 3.0 
 Cooks 3.1 
 Working Proprietors 3.4 
    in Retail Trade 
 Cashiers in Retail 4.5 
    Stores and  
    Restaurants 
 
 
  Medium-High Computer Operators 2.0 
   (2 – 2.9 mG) Motor Vehicle Drivers 2.0 
 Shop Managers 2.1 
 Shop Assistants 2.1 
 Hairdressers and Beauticians 2.1 
 Bank Clerks 2.2 
 Kitchen Supervisors 2.4 
 Post Office Clerks 2.5 
 Waitresses in Restaurants 2.5 
    and School Kitchens 
 Kitchen Maids 2.8 
 
 
  Medium-Low Registered Nurses 1.0 
   (1 – 1.9 mG) System Analysts and Programmers 1.2 
 Telephone Operators 1.5 
 Radio & Television Assemblers  
    and Repairwomen 
 Seamstresses 1.6 
______________________________________________________________________ 
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Table 10: Odds Ratio Estimates for Textile Occupations in the Forssén et al. (2005) Paper 
     
    __________________________________________________________ 
 
 Comparison  OR 95% Confidence Interval 
        __________________________________________________________ 
 
 Textile Occupations 1.37 [1.11 , 1.68] 
               vs 
 Occupations with 24-Hour 
   Exposure Below 1 mG 
 
 
 Textile Occupations 1.33  [1.10 , 1.62] 
               vs 
 All Other Occupations 
 (Regardless of MF Exposure) 
        __________________________________________________________ 
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