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• In 1979, two American researchers noticed that children who 

lived near power lines had higher rates of leukemia (Wertheimer 

and Leeper, American Journal of Epidemiololgy, 109, 273-84)

• They believed that the extremely low frequency (ELF) magnetic 

fields from the power lines were linked to cancer 

Electromagnetic spectrum
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Electromagnetic spectrum

• After 1979, numerous studies have investigated whether 

these magnetic fields could increase cancer incidence in 

humans and in animals

• However, there are many conflicting results 

• Therefore, we have performed meta-analyses
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By combining many studies, a meta-analysis

o increases statistical power  it becomes easier to detect 

small effects that would go unnoticed in individual studies

o reduces the influence of random errors or unusual results 

that might affect a particular study

o leads to more reliable conclusions, because they are based 

on much more data

Meta-analysis = statistical analysis that combines 
the results of several studies
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 Goal of the first meta-analysis = synthesize all the 

scientific studies that have examined the association 

between extremely low magnetic fields and leukemia in 

children

 Our first systematic review focused only on

o children under the age of 21

o observational studies
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 Goal of the second meta-analysis = synthetize all the 

scientific studies on the carcinogenic effects of extremely 

low frequency magnetic fields performed with 

- animals (rats and mice) 

- the comet assay (technique to assess DNA damage)

 The second systematic review included mainly 

experimental studies (well-controlled studies)

 Both meta-analyses are limited to magnetic fields lower 

than 100 Hz: 50 Hz for Europe, 60 Hz for North America
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Meta-analysis on magnetic fields and 
childhood leukemia published in Reviews on 

Environmental Health
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All the studies published between 1979 and 2020 have been 

included in our systematic review: 38 studies
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Global meta-analysis on the relation between 50 Hz magnetic 
fields and leukemia in children (21 studies)
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There was no significant association for the 
studies conducted after 2000



BBEMG seminar – 20/11/2025

Concept of “weight”: studies with a lot of subjects tend to 
“weigh more” in a meta-analysis than small studies
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Individual meta-analyses show that magnetic field categories 

lower than 0.4 µT were not associated with childhood leukemia

Only magnetic fields higher than 0.4 µT were associated with 

an increased risk of leukemia in children

Magnetic field category Number of studies OR (95% CI) Overall effect

0.1 – 0.2 µT 12 1.04 [0.88, 1.24] P = 0.62

0.2 – 0.3 µT 5 0.92 [0.68, 1.24] P = 0.60  

0.3 – 0.4 µT 4 1.10 [0.72, 1.66] P = 0.67

> 0.4 µT 12 1.37 [1.05, 1.80] P = 0.02
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Meta-analysis on the carcinogenic effects of 
extremely low frequency magnetic fields

 71 studies have been included in our systematic review
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Global meta-analysis on the relation between magnetic 
fields higher than 0.2 µT and cancers in rodents (19 studies)
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All cancers are combined in the global meta-analysis
There was no association between magnetic fields and cancer
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Individual meta-analyses show that 50Hz magnetic fields only 

increased the risk of leukemia in mice (no association for other cancers)

Cancer type Number of
studies Odds Ratio (95% CI) P-value

Leukemia

Total: 7

Rats: 3

Mice: 4

Total: 1.40 [2.75, 2.61]

Rats: 0.92 [0.69, 1.22]

Mice: 4.45 [1.90, 10.38]

Total: P= 0.29

Rats: P = 0.55

Mice: P = 0.0006

Lymphoma

Total: 11

Rats: 2

Mice: 9

Total: 1.11 [0.82, 1.49]

Rats: 1.78 [0.21, 15.33]

Mice: 1.11 [0.81, 1.53]

Total: P = 0.49

Rats: P = 0.60

Mice: P = 0.52

Breast cancer

Total: 9

Rats: 7

Mice: 2

Total: 1.16 [0.81, 1.64]

Rats: 1.19 [0.83, 1.69]

Mice: 0.25 [0.02, 4.00]

Total: P = 0.42

Rats: P = 0.34

Mice: P = 0.33

Brain cancer

Total: 6

Rats: 3

Mice: 3

Total: 0.71 [0.28, 1.77]

Rats: 0.70 [0.21, 2.35]

Mice: 0.75 [0.03, 18.54]

Total: P = 0.46

Rats: P = 0.56

Mice: P = 0.86
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Extremely low frequency magnetic 
fields and DNA damage

• Many studies have examined the impact of 50 Hz 

magnetic fields on DNA because DNA damage 

contributes to cancer development

• Our systematic review focused only on the comet assay 

for the assessment of DNA damage

• Comet assay = sensitive technique for measuring DNA 

damage at the level of individual cells
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Image from Burdak-Rothkamm et al. (2009, Mutation Research, 672, 82–89)

This technique is called the “comet assay” because it involves 

DNA migrating through an agarose gel that often looks like a 

“comet”

“Tail” of the comet reflects DNA damage
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Meta-analysis on DNA damage (olive tail moment)

in human neuroblastoma cells

o Only 3 studies could be included in the meta-analysis 

o The other studies were not sufficiently similar to be 

meaningfully pooled and/or information was missing 

o 50 Hz magnetic fields did not cause DNA damage 
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 Our first meta-analysis 

o was based on observational studies 

o suggests that only magnetic fields higher than 0.4 µT 

could increase the risk of childhood leukemia

 Our second meta-analysis

o was based on well-controlled experimental studies

o suggests that exposure to 50 Hz magnetic fields does

not represent a major hazard for mammals

Conclusions
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• In 2002, the International Agency for Research on       

Cancer classified residential magnetic fields as            

possibly carcinogenic to humans (IARC, 2002)

• Our results are in agreement with the Belgian Superior 

Health Council that recommends to limit residential 

magnetic field exposure to 0.4 µT (Conseil supérieur de la 

santé, mai 2020)

Public health recommendations



BBEMG seminar – 20/11/2025

 The association between 50 Hz magnetic fields and 

childhood leukemia could potentially be explained 

through an interaction with other risk factors like:

• traffic-related air pollution

• exposure to chemicals (pesticides and benzene)

 In the future, it would be interesting to study the 

interactions between 50 Hz magnetic fields and other risk 

factors on health

Next steps and future directions
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Thank you for your attention


