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• First study on EMF and  childhood cancer 
1979

• First study on EMF and adult cancer 1982
• First study on occupational EMF and 

cancer 1982

Followed by quite a number of studies on 
diseases other than cancer
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Approaches

• Occupational sources of exposure
– Linemen, welders, train drivers, eletricians, etc

• General environment
– Power lines, transformers, wiring system etc

• Personal exposures
– Appliances (hair dryers, razors etc)

• Personal meters



Intense methodological discussions and gradually 
improving methodology

• Exposure
– Measurements
– Distribution of fields in population 
– Metric

• Selection bias

• Confounding



* upper CL=126
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*Childhood leukemia and magnetic fields





Exposure RR     (95% CI) No. cases

0.1-0.19 µT     1.08   (0.89-1.31) 233

0.2-0.39 µT     1.11   (0.84-1.47) 104

0.4µT- 2.00   (1.27-3.13) 44

Ahlbom et al. 2000

Childhood leukemia and ELF
Pooled results





How certain are we about causality?

Competing explanations:

• Too crude exposure assessment?
• Confounding?
• Selection bias?
• Chance (bad luck)?



Too crude exposure assessment?

All North American studies, comparing wire code 
and measurement results

RR (95% CI)
VHCC 1.2 (0.8 – 1.9)
0.4 µT + 2.2 (1.1 – 4.2)



Confounding?

Potential confounders considered  in meta-analysis:

Age, sex, SES, urban/rural, type of dwelling, car 
exhaust, mobility

None of the adjustments changed the RR estimate 
more than 2%



Selection bias: Sensitivity analysis

³³³³ 0.4 µT
• All studies 2.0 (1.3-3.1)
• US excluded 1.7 (1.0-2.8)
• Canada excl. 2.1 (1.3-3.6)



Selection bias: Stratification

³³³³ 0.4 µT
All studies 2.0 (1.3-3.1)
Nordic countries 2.1 (0.9-4.9)
Rest of the world 1.9 (1.1-3.2)



Intriguing situation!

• Relatively strong epidemiologic evidence that 
ELF causes childhood leukemia

• No known mechanism or explanation



The IARC Monographs
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IARC

• Group 1: The agent (mixture) is carcinogenic to 
humans. 

• Group 2A: The agent (mixture) is probably carcinogenic 
to humans.

• Group 2B: The agent (mixture) is possibly carcinogenic 
to humans.
. 

• Group 3: The agent (mixture or exposure circumstance) 
is not classifiable as to its carcinogenicity to humans.

• Group 4: The agent (mixture) is probably not 
carcinogenic to humans.



Overview of the evaluation process

Cancer in humans Cancer in experimental animals

Other relevant data

Overall evaluation

Preliminary default evaluation



Evaluation process

Cancer in humans
� Sufficient evidence
� Limited evidence
� Inadequate evidence
� Evidence suggesting lack of carcinogenicity

Cancer in experimental animals
� Sufficient evidence
� Limited evidence
� Inadequate evidence
� Evidence suggesting lack of carcinogenicity

Other relevant data
– Mechanistic data weak, moderate, or strong?
– Mechanism likely to be operative in humans?

Overall evaluation

Preliminary default evaluation
1 Carcinogenic to humans
2A Probably carcinogenic to humans
2B Possibly carcinogenic to humans
3 Not classifiable as to its carcinogenicity to huma ns
4 Probably not carcinogenic to humans





IARC. Static and Extremely Low-Frequency Electric 
and Magnetic Fields.  Vol. 80 (19–26 June 2001)

ELF magnetic fields

• Limited evidence in humans
– Childhood leukemia

• Inadequate evidence in animals

Group 2B: Possibly carcinogenic to humans



IARC’s Business

• Qualitative hazard identification

– Not quantitative assessment

– Not risk management



WHO and EU



Diseases studied in connection with EMF

• Cancer
– Childhood

• Leukemia
• Brain

– Adults
• Leukemia
• Brain
• Hormone dependent

• Myocardial infarction
• Neurodegenerative diseases
• Suicide and depression
• Symptoms (electrical hyper-sensitivity)




