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Introduction 

The majority (approximately 80%) of childhood leukaemia cases are acute lymphoblastic leukaemia 

(ALL), with the remainder being almost exclusively acute myeloid leukaemia (AML) [1].   

 

An analysis of the systematic reviews that present separate data for ALL and AML has been 

conducted [2]. For some of the reviews used, the majority of the data in these reviews is on childhood 

leukaemia in general, and therefore not included in the analysis of the systematic reviews [2]. Because 

there is  a lot of discussion about the role of some of the potential causal exposures in these reviews it 

was decided to separately summarise the information included in those reviews which predominantly 

reported on childhood leukaemia in general. 

 

Methods 

We used Appendix 3 from the systematic review on ALL or AML [2] to identify reviews that were 

eliminated as there was no split between the evidence for ALL and that for AML, even though more 

complete and recent. Also, from Table 1 we identified those reviews where 50% or more of the studies 

the review covered were eliminated as they addressed childhood leukaemia in general, rather than 

ALL or AML. This process identified 10 systematic reviews that addressed childhood leukaemia in 

general. Data were abstracted and checked by two authors and the methodological quality of the 

systematic review was assessed by two authors. 

 

Results 

Description of the included articles 

In Table 1 the reviews that were eliminated in the review by van Dalen [2] are evaluated for their 

usefulness for leukaemia in general. In this table characteristics and results of all included publications 

are stated also. The table consists of an evaluation of 10 reviews [2-12]. 

 

Methodological quality of included articles 

In Table 2 the assessment of the methodological quality of the two reviews is presented. All the  

systematic reviews had methodological limitations.  
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Rating 

 If all results (OR, RR, etc.) were significantly different from 1 and in the same direction (i.e. 

positive or negative), this was indicated as a significantly higher/lower risk. 

 If more than 75% of the results (OR, RR, etc.) were significantly different from 1 and in the same 

direction (i.e. positive or negative), this was indicated as a mostly significantly higher/lower risk. 

 If all results (OR, RR, etc) were significantly different from 1 but in different directions, this was 

indicated as conflicting risks. 

 If more than 75% of the results (OR, RR, etc) were significantly different from 1 but in different 

directions, this was indicated as mostly conflicting risks. 

 If more than 75% of the results (OR, RR, etc.) included 1 with a close to even distribution of the 

means around 1, this was indicated as neither higher or lower risk. 

 If more than 75% of the results included 1, but all means were on one side, this was indicated as a 

non-significantly higher/lower risk. 

 If the pattern of results was none of the above, this was indicated as an inconsistent risk. 
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Table 1 Study characteristics and results of included systematic reviews 

 

Description of 

aetiological factor 

[reference] 

Ultrasound during pregnancy [3] Cured meat intake [4] 

Type of acute leukaemia 

evaluated 

Childhood leukaemia, not further specified (as well as 

other cancers) 

Childhood leukaemia, not further specified 

Number of included 

studies 

n=3 n=3 

Design(s) of included 

studies 

Case-control (not specified if population or hospital based) Case-control (2 population and 1 hospital based) 

Number of included 

children 

Listed as exposed cases and exposed controls (no non-

exposed listed); 980 cases and 1129 controls 

550 cases and 535 controls 

Age included children Unclear 0-1 and 0-14 

Gender of included 

children 

Unclear Unclear 

Description of literature 

search (i.e. sources, 

dates, search strategy 

provided yes/no, 

additional information) 

PubMed+Cochrane Library, library of European Safety 

Committee for Medical Ultrasound; search strategy 

presented briefly (no health keyword) 

Limited details presented (no database, some keywords, no 

strategy and no additional information search description) 

Meta-analysis 

performed?; If yes: 

heterogeneity present? 

Meta-analysis software used but no pooled analysis 

results presented in paper 

No 
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Results as presented in 

article  

1 study 1972–1981:  OR 1.00 (ns) 

1 study 1980–1983:  OR 1.12 (ns) 

1 study,1986–1991:   OR 0.90 (ns) 

By intake level: 

Moderate intake:  OR 0.9 or 1.3 

Median intake:   OR 1.1 

High intake:    OR 1.5 in 1 study, 1.0 in the other. 

No confidence interval presented but no statistically significant 

OR’s. 

 

By meat type, for highest level of intake; no significance level 

given; all from 1 study: 

Hot dogs:   OR 0.9 

Bacon & sausages:  OR 1.5 

Lunch meat:   OR 1.0 

Ham:    OR 1.5 

Conclusion of article No association was found between US exposure in utero 

and risk of childhood cancer. However, these data are up 

to 25 y old. Over the years, there has been a progressive 

increase in acoustic outputs, and the average intensity 

from modern equipment in 1991 was between 2 and 3 

times greater than that of the equipment used in 1980 … 

Because human oocytes are developed in the fetal period, 

there is a theoretical possibility that US exposure of the 

fetal ovaries may harm future generations. This has never 

been tested in epidemiological studies, and obstetrical US 

has only been used for the last 30 y. However, there are 

no proven genetic effects in experimental models after 

exposure to diagnostic US (European Committee for 

Radiation Safety - the Watchdogs 1994). Thus, the 

present scientific evidence suggests that the risk of 

harmful effects on future generations must be small. 

A causal association between cured meat exposure and 

childhood brain tumors and/or leukaemia cannot be concluded 

on the basis of the available evidence. 
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Table 1 Study characteristics and results of included systematic reviews (continued) 

 

Description of 

aetiological factor 

[reference] 

Parental occupational pesticide exposure; critical 

exposure time windows were defined as pregnancy 

for mothers and up to 2 years before conception for 

fathers [5] 

Residential pesticide use during pregnancy and childhood 

[6] 

Type of acute leukaemia 

evaluated 

Total (all types/unspecified) acute leukaemia Total (all types/unspecified), acute leukaemia 

Number of included 

studies 

n=31  n=15 

Design(s) of included 

studies 

Case-control studies: n=27 (of which 1 nested);of these 

n=19 on total leukaemia (n=14 population based, n=10 

hospital based, rest unclear) 

Cohort studies: n=4 (3 retrospective, 1 prospective) 

Case-control studies n=15 (n=4 hospital-based, n=10 

population-based, n=1 part population-based and part hospital 

based) 

Number of included 

children 

Case-control: unclear (at least 13173 cases and 447613 

controls) 

Cohort studies: unclear (at least 359 cases among 

>603793 children) 

Unclear (at least 2595 cases and 4097 controls) 

Age included children Case-control: unclear (<18 months, <5 years (2x), <11 

years, < 15 years (7x), <18 years (2x),<20 years, <25 

years (2x) and unspecified in 1 study) 

Cohort: unclear (<15, <20, < 40 years and mean 9.3 

years in 1 study) 

< 22 months, <10 years, < 11 years (2x), <15 years (8x), < 18 

years (3x), mean 8.3-8.5 years 

Gender of included 

children 

Unclear Unclear 

Description of literature 

search (i.e. sources, 

dates, search strategy 

provided yes/no, 

additional information) 

Ovid Medline (1950 to March 2009); Ovid Medline 

database of in process and other non-indexed citations 

(1950 to March 2009); Ovid Embase (1980 to 2009); 

Toxnet (2009); Open Sigle (2009); Proquest digital 

dissertations and theses (2009); reference lists of all 

included studies. 

Search strategy provided 

No language restrictions 

Ovid Medline (1950 to March 2009); Ovid Medline database of in 

process and other non-indexed citations (1950 to March 2009); 

Ovid Embase (1980 to March 2009); Toxnet (March 2009); Open 

Sigle (March 2009); Proquest digital dissertations and theses 

(March 2009); reference lists of all included studies; hand search 

of journal websites (not mentioned which). 

Search strategy provided 

No language restrictions 
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Meta-analysis 

performed?; If yes: 

heterogeneity present?  

Yes; heterogeneity in paternal total leukaemia results, 

no heterogeneity in maternal total leukaemia results 

Yes; for heterogeneity I²  25% was considered low, I² 50% was 

moderate and I² 75% was high; see results for presence of 

heterogeneity in different analyses. 

Results as presented in 

article  

Pooled analysis by authors of review: 

Any pesticide exposure: 

Paternal:  

OR 1.09 (95% CI 0.88–1.34); 30 studies 

Maternal: 

OR 2.09 (95% CI 1.51–2.88); 16 studies 

 

Insecticides: 

Paternal:  

OR 1.43 (95% CI 1.06–1.92); 3 studies 

Maternal:  

OR 2.72 (95% CI 1.47–5.04); 6 studies 

 

Herbicides: 

Paternal:  

OR 1.25 (95% CI 0.94–1.66); 5 studies 

Maternal:  

OR 3.62 (95% CI 1.28–10.3); 2 studies 

 

Fungicides: 

Paternal:  

OR 1.66 (95% CI 0.87-3.17); 4 studies 

 

No increased risk has been observed among cohort 

studies: OR 0.88 (95% CI 0.54-1.41) 

6 studies 

Pooled analysis by authors of review: 

Unspecified residential pesticides: 

Pregnancy: 

Overall: OR 1.54 (95% CI 1.13–2.11); 11 studies 

Childhood: 

Overall: OR 1.38 (95% CI 1.12–1.70); 9 studies 

 

Residential insecticides: 

Pregnancy: 

Overall: OR 2.05 (95% CI 1.80–2.32); 8 studies 

Childhood: 

Overall: OR 1.61 (95% CI 1.33–1.95); 7 studies 

 

Residential herbicides: 

Pregnancy: 

Overall: OR 1.61 (95% CI 1.20–2.16); 5 studies 

Childhood: 

Overall: OR 0.96 (95% CI 0.59–1.58); 4 studies 
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Conclusion of article Overall association was observed with prenatal maternal 

occupational pesticide; associations with maternal 

exposure were also observed among subgroups of 

studies that assessed AML, ALL, insecticides and 

herbicides. No overall association was observed with 

paternal preconceptual occupational pesticide exposure; 

no associations were observed in subgroups of studies 

for ALL, AML, herbicides and fungicides.  An association 

was observed with paternal occupational exposure to 

insecticides. 

No increased risk has been observed among cohort 

studies. 

 

Research needs include improved pesticide exposure 

indices, continued follow-up of existing cohorts, genetic 

susceptibility assessment and basic research on 

childhood leukaemia initiation and progression. 

Positive associations were observed between overall leukaemia 

and residential pesticides exposure (unspecified pesticides, 

insecticides and herbicides) during pregnancy and between 

overall leukaemia and unspecified pesticides and insecticides 

during childhood. Further work is needed to confirm previous 

findings based on self-report, to examine potential exposure-

response relationships and to assess specific pesticides and 

toxicologically related subgroups of pesticides in more detail. 

Notes Among the included studies, one concerns herbicide 

exposure during military service in Vietnam, one may 

also have included lymphoma cases and the 

unpublished included studies were PhD theses. 

One selected cohort study included cases aged < 40 

years. 

Among the included studies, three were doctoral dissertations 

with results not published elsewhere. 
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Table 1 Study characteristics and results of included systematic reviews (continued) 

 

Description of 

aetiological factor 

[reference] 

Nuclear facilities/power plant [7] Pre-and postnatal diagnostic X-rays [8] 

Type of acute leukaemia 

evaluated 

Total leukaemia Leukaemia 

Number of included 

studies 

n=25 n=12 

Design(s) of included 

studies 

198 single site descriptive studies, 25 multi-site studies 

Only results from the 25 multi-site studies reported here; 

9 mortality studies and 16 incidence studies 

Case-control studies: n=9 of which 5 hospital based, rest not 

stated. 

Cohort: n=3 

Number of included 

children 

Numbers per study range from 16 to 3694; total  14134 

cases, unknown number of control (if applicable) 

Case-controls: 6630 cases, 7859 controls 

Cohort:40413 children 

Age included children Range 0-24 years Case-controls: 16 years, < 18 months, <5 years, <9 years, <14 

years, <15 years (2x), <16 years, <25 years, <29 years 

Cohort: <14 years, <15 years, <20 years 

Gender of included 

children 

Unclear Unclear; one study girls only, rest not stated 

Description of literature 

search (i.e. sources, 

dates, search strategy 

provided yes/no, 

additional information) 

PubMed, Scopus (no dates provided); additional 

documents from Institute of Radiological Protection and 

Nuclear Safety Archives and direct contact with 

researchers. 

Search strategy not provided 

PubMed (January 1990 to December 2006); Current Contents; 

Cochrane; Scirus MedPilot; Kinderkrebsinfo; Deutsches Medizin-

Forum (no search date provided unless otherwise stated); 

reference lists of identified papers; hand search journals 

“International Journal of Epidemiology” and “British Journal of 

Radiology” (2001 and 2002). 

Search strategy provided 

Published in English 

Meta-analysis 

performed?; If yes: 

heterogeneity present? 

No  Yes; no heterogeneity (p=0.81) 

Results as presented in 

article  

Results presented per country: 

Of the single site studies, only three (of the 198) met 

criteria of a real cluster: Sellafield, Dounray (both Great 

Prenatal exposure 

pooled analysis OR 0.99 (95% CI 0.87-1.13); 9 studies 
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Britain) and Kruemmel (Germany). These appear again 

in the multi-site studies. 

 

Great Britain (7 studies): some effects seen in earlier 

studies (1984, 1987 and 1989) with RR of 1.5, 2 and 

15% excess mortality; later studies (1992, 1994 and 

2005) did not find significant excess, except around 

Sellafield, Burghfield, Dounreay, Rosyth, Aldermaston 

and Amersham 

 

USA (3 studies): 2 found no significant excess. Excess 

by one of the sites already existed before initiation date 

of the installation. A study in Pennsylvania found an 

excess of 11% compared to national rates 

 

Canada: (1 study): no significant excess. 

 

France (4 studies): no significant global excess in any 

study.  

 

Japan (2 studies): no significant global excess. 

 

Sweden (1 study): risk of childhood leukaemia higher 

close to NPP than elsewhere. 

 

Spain (1 study): no significant global excess. 

 

Germany (7 studies): the first study (1992), covering 

West Germany 1980-1990, found no significant excess, 

except for 0–4-y old children living into 5 km-radius circle 

zones. The 2nd study (1993), covering Bavaria 1980-

1990, found no significant excess except around Kahl 

NPP. The 3
rd

 study (1993) covering East Germany 

1979-1988, the 4th study (1995, covering Bavaria,1983-

Postnatal exposure 

individual study results: 

OR 0.91,(95% CI 0.64–1.29) 

OR 1.29 (95% CI 1.04–1.60) 

SIR 1.6 (95% CI 0.43–4.14) 

SMR 1.21 (95% CI 0.6–2.3) 
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1992), the 5
th
 study (1997, covering East Germany, 

1991-1995) and the 6
th
 study (1998, covering West 

Germany, 1991-1995) found no significant global 

excess. In the same 1998 study, for 1980-1995 no 

significant excess was found, except for 0–4-y old 

children living into 5 km-radius circle zones. The latest 

study (2008, covering West Germany 1983-2003) found 

a global excess of 1.33 in a 10 km-radius zone and a 

significant trend with the distance, maintained even after 

exclusion of the Kruemmel site.  

Conclusion of article Local excesses of childhood leukemia cases exist in the 

UK close to the reprocessing plants at Sellafield and 

Dounreay and in Germany close to the Kruemmel NPP. 

Nevertheless, none of the multisite studies currently 

available shows an increase in the frequency of 

leukemia overall in children and young people aged 0–

14 or 0–24 close to nuclear sites. 

No association of leukaemia with prenatal exposures was 

observed in any of the nine case control studies. The pooled OR 

is 0.99 (95% CI: 0.78, 1.13). Heterogeneous results were found 

for postnatal exposures (four studies only), allowing no clear 

conclusion….The included cohort studies are heterogeneous in 

many aspects, so that their results cannot be reasonably 

summarized. … The fact that the studies reviewed here provide 

no clear evidence for an increased cancer risk after low-level 

intrauterine and postnatal radiation exposure should not be 

taken as an indication that there was no risk. Rather, this 

information needs to be viewed in conjunction with earlier and 

more powerful studies that clearly indicated risk increases. 
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Table 1 Study characteristics and results of included systematic reviews (continued) 

 

Description of 

aetiological factor 

[reference] 

Different infectious exposures [9] Socioeconomic status [10] 

Type of acute leukaemia 

evaluated 

Childhood acute leukaemia, ALL Childhood leukaemia 

Number of included 

studies 

18 studies on aetiology (many more descriptive epidemiology 

studies with aetiological focus such as mixing and trends) 

35 studies for leukaemia general (3 + NHL) 

Design(s) of included 

studies 

14 case-control, 1 cohort, 2 clinical trials, 1 population-based 

death certificate study 

26 case-control studies (14 registry based, 1 nested, 7 

hospital/clinic based, 2 area, 2 phone), 4 cohort studies, 5 

ecological studies 

Number of included 

children 

Unclear Ecological: 7588 cases; cohort: 886 cases; case-control: 

16842 cases; controls unclear 

Age included children Unclear Unclear (inclusion criterion for review was 0-24 years) 

Gender of included 

children 

Unclear Unclear 

Description of literature 

search (i.e. sources, 

dates, search strategy 

provided yes/no, 

additional information) 

PubMed (from 1970 to date, but not mentioned which date); 

earlier review (published in 1999) for earlier references and for 

references up to and including 1997. 

Search strategy not provided 

PubMed (January 1
st
 1965 to August 31

st
 2002); PsychInfo 

(January 1
st
 1960 to August 31

st
 2002); Eric (January 1

st
 1966 

to August 31
st
 2002); manual search of Index Medicus (1945-

1964); additional relevant reports referenced in these articles 

were collected. 

Search strategy provided 

Published in English 

Meta-analysis 

performed?; If yes: 

heterogeneity present? 

No No 

Results as presented in 

article  

No pooling, individual study results  

Maternal infections: 

Recurrent lower genital tract infections:  

OR 1.78 (95% CI 1.17–2.72) 

Family income: 

8 studies, individual results,  

 1 positive association p>0.05 

 7 negative association, four p<0.05 
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Any infection in pregnancy: 

OR 1.43 (95% CI 0.85-2.42) 

Earlier studies: 1  study was non-significant, one for varicella in 

pregnancy 

 

Childhood infections: 

Age 0–2 months: 

Measles:    OR 1.0 (95% CI 0.8–1.2) 

Other infections:   OR 1.0 (95% CI 0.8–1.2) 

Respiratory infections:   OR 1.1 (95% CI 0.9–1.3) 

Influenza:    OR 1.9 (95% CI 0.7–1.2) 

 

Age 3–5 months: 

Measles:    OR 1.0 (95% CI 0.8–1.2) 

Other infections:   OR 1.0 (95% CI 0.9–1.2) 

Respiratory infections:   OR 1.0 (95% CI 0.9–1.2) 

Influenza:    OR 0.8 (95% CI 0.6–1.1) 

Repeated early common infections OR 0.6 (95% CI 0.4–1.0) 

 

Seropositivity for: 

EBV:     OR 0.4 (95% CI 0.2–0.8) 

HHV-6:    OR 0.5 (95% CI 0.3–0.9) 

Parainfluenza 1, 2 and 3:  OR 1.9 (95% CI 1.1–3.2) 

Mycoplasma:    OR 0.4 (95% CI 0.1–1.2) 

Influenza 1
st
 year of life:  OR 6.8 (95% CI 1.8–25.7) 

Chickenpox:    OR 0.8 (95% CI 0.7–1.0) 

 

Vaccinations: 

>4 routine immunizations:  OR 0.3 (p<0.05) 

Immunisations:    OR 0.2 (95% CI 0.1-0.9) 

Measles vaccination:   OR 1.87 (95% CI 1.00–3.48): 

Any vaccination:   OR 0.71 (0.36–1.38) 

Viral vaccinations:   OR 1.23 (0.91–1.66) 

Hib-vaccine HbOC arm:  OR 1.14 (95% CI 0.63–2.08) 

Summary test for association (incl ALL-only studies): p<0.001 

 

Mother’s education: 

13 studies; individual results 

 6 positive association; two p<0.05 

 7 negative association; five p<0.05 

Summary test for association (incl ALL-only studies) :p <0.001 

 

Father’s education: 

9 studies, individual results 

 2 positive association, both p>0.05 

 7 negative association; four p<0.05 

Summary test for association (incl ALL-only studies): p<0.001 

 

Father’s occupational class: 

11 studies, individual results 

 8 positive association; three p<0.05 

 3 negative association; one p<0.05 

Summary test for association (incl ALL-only studies): p<0.001 

 

Household density (i.e. persons per room, no cut-off value 

provided) : 

3 studies, individual results 

 2 positive association; one p<0.05 

 1 negative association; p>0.05 

 

Derived measure (i.e. combining father’s education and 

occupation): 

1 study, individual results, negative association; no p<0.05 

 

Highest parental education: 

3 studies, individual results,  

 2 positive association, none p<0.05 

 1 negative association; no p<0.05 
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Hib-vaccine Early vac arm:  RR 0.72 (95% CI 0.46–1.13) 

 

Birth order: 

1:   OR 1 (reference) 

2+: OR 1.07 (95% CI 0.6–1.8) 

 

1:   OR 1 (reference) 

2:   OR 1.1 (95% CI 0.7–1.9) 

3:   OR 1.0 (95% CI 0.5–1.9) 

4:   OR 1.0 (95% CI 0.4–2.3) 

5:   OR 1.2 (95% CI 0.3–5.2) 

6+: OR 0.5 (95% CI 0.1–4.3) 

 

1:   OR 1 (reference) 

2:   OR 1.2 (95% CI 0.8–1.9) 

3:   OR 0.9 (95% CI 0.5–1.5) 

4+  OR 1.5 (95% CI 0.8–2.3) 

 

1:   OR 1.1 (95% CI 0.9–1.3) 

2+: OR 1 (reference) 

 

1:   OR 1 (reference) 

2+: OR 0.2 (95% CI 0.55–1,23) 

 

Higher birth order: 

OR 0.74 (95% CI 0.48–1.15) 
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Parental occupational contact levels (i.e. number of social 

contact with father whilst at work): 

0–4 year olds: using two classifications of paternal contact 

level in most rural counties: 

(1) OR 3.47 (95% CI 1.54–7.85) 

(2) OR 1.59 (95% CI 1.07–2.38) 

 

5–14 year olds: decreasing trend for those in rural areas in 

period of higher population mixing with increasing paternal 

occupational contact (p<0.05) 

 

Fathers’ occupational contact: 

High social contact: PCMR 94 (95% CI 87–102) 

Medium social contact: PCMR 101 (95% CI 95–106) 

 

Paternal occupational contact: 

Medium/low: OR 1 (reference) 

High:             OR 1.75 

Very high:     OR  2.17 
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Conclusion of article At the present time, in the absence of definitive evidence 

regarding either specific single or multiple infectious culpable 

agents at either time-point, we have to continue to investigate 

events and exposures around the two time-points and the 

molecular events that result from such exposures. Greater 

clarification as to likely aetiological agents may emerge ... We 

cannot fail to conclude that, ultimately, there may be a number 

of pathways in the development of any childhood leukaemia 

that nevertheless will always involve initial breakage and 

inaccurate repair of DNA in response to infection, chemicals, 

low level irradiation or other, as yet unknown, environmental 

exposures. Then one or more subsequent further events 

convert a preleukaemic clone into an overt malignant 

population. Two genetic events and possibly also proliferative 

stimuli and/or suppression of bone marrow are all required to 

produce an overt leukaemia. Genetic susceptibility increasingly 

looks likely in terms of not only the response to infection, but 

also the recognition and repair of the DNA. 

The review by Greenberg and Shuster accurately 

characterized research through 1982 as showing a positive 

association of SES with childhood leukaemia. The vast 

majority of research has appeared since then, however, and 

the overall picture has changed considerably. Positive 

associations are still seen in ecological analyses of average 

occupational class and in record-based case–control studies 

of father’s occupational class. But negative associations 

predominate in studies that use interviews or questionnaires to 

obtain individual-level measures of family income, mother’s 

education, or father’s education. 

Notes This review reports in detail on references from 1998 to date, 

but only cites selected references that show marked results 

from the earlier period.  

Evidence from descriptive epidemiology was not included in 

our results. 

Day-care attendance and breastfeeding were also presented 

in this review, but not included in our results; these etiologic 

factors have been analysed more extensively in another 

review [2]. 
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 Table 1 Study characteristics and results of included systematic reviews (continued) 

 

Description of 

aetiological factor 

[reference] 

Extremely low-frequency (ELF) electric and magnetic 

fields [11] 

Extremely low frequency magnetic fields [12] 

Type of acute leukaemia 

evaluated 

Only those reporting all types of leukaemia combined are 

presented here, those separating ALL and AML are 

reported elsewhere [2]. 

Only those reporting all types of leukaemia combined are 

presented here, those separating ALL and AML are reported 

elsewhere [2]. 

Number of included 

studies 

Magnetic fields: 27 studies  

Electric fields: 4 studies  

Electric appliances: 4 studies  

Parental occupation: 1 study  

IARC's [11] 36 plus 2 studies 

Design(s) of included 

studies 

Magnetic fields: 2 geographic, 1 cohort, 22 case-controls (3 

hospital based, rest population or registry based but 2 not 

listed in results section as ALL only); 2 pooled analyses of 

9 and 15 studies respectively 

Electric fields: 4 case-controls (all population based) 

Appliances: 4 case-controls(all population based but 1 not 

listed in results as ALL only) 

Parental occupation: 1 cohort 

See IARC [11], plus 2 case control studies (both population 

based, but only one reported here as the other was ALL or 

AML only)  

Number of included 

children 

Magnetic fields: geographic: not applicable; cohort: 

134800; case-control: 5588 cases, 9067 controls; pooled 

analyses (9 and 16 studies): unclear, at least 7015 cases 

and 17499 controls 

Electric fields: 594 cases, 702 controls 

Electric appliances: 605 cases, 535 controls 

Parental exposure: 161 cases, unknown number in cohort 

See IARC [11] + 9700 cases and 9700 controls 

Age included children Cohort: <20 yrs; case control: the highest cut-off <19 yrs, 

and the lowest <10 yrs; pooled: < 20 yrs, <14 yrs, <10 yrs 

See IARC [11] + <15 yrs 

Gender of included 

children 

Unclear Unclear 
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Description of literature 

search (i.e. sources, 

dates, search strategy 

provided yes/no, 

additional information) 

IARC system for searching Medline and Toxline standard in 

place and used; studies of poor quality are discarded; all 

studies are read by the whole panel and judged against 

clear criteria; search terms not presented 

Based on Promed, Medline and IARC searches plus 

reports/papers published after; no search terms presented; 

includes effects on haematology so cell counts and 

characteristics 

Meta-analysis 

performed?; If yes: 

heterogeneity present?  

Not by these authors, however meta (pooled)-analyses 

were evaluated and discussed as a separate group 

Not presented 

Results as presented in 

article 

Residential fields:  

Geographic study (n=1)  

High voltage power lines:  SIR 1.5 (95% CI 1.2–1.9); 

Reanalysis:    SIR 2.7 (95% CI 1.1–5.6) 

 

Cohort study (n=1) 

Calculated historical magnetic fields 

< 0.01 μT (baseline):   SIR 1.0 

 0.01–0.19 μT:    SIR 0.89 (95% CI 0.6–1.3) 

 ≥ 0.2 μT:    SIR 1.6 (95% CI 0.3–4.5) 

 

Calculated cumulative fields 

< 0.01 μT-year (baseline):  SIR 1.0 

0.01–0.39 μT-year:   SIR 0.90 (95% CI 0.6–1.3) 

≥ 0.4 μT-year:    SIR 1.2 (95% CI 0.3–3.6) 

 

Case-control studies (n=20) 

Calculated historical magnetic fields 

< 0.1 μT (baseline):   OR 1.0 

0.1–0.19 μt:    OR 2.1 (95% CI 0.6–6.1) 

 0.2 μT:    OR 2.7 (95% CI 1.0–6.3) 

 

< 0.1 μT (baseline):   OR 1.0 

0.1–0.24 μT:    OR 0.5 (95% CI 0.1–4.3) 

 0.25 μT:    OR 1.5 (95% CI 0.3–6.7) 

Additional to IARC [11]: 

 

Transmission lines 

Distance of 0–49 m:   RR 1.67 

Distance-to-line 500–599 m:  RR 1.36 

Compared to distance greater than 600 m 

 

For the study that had ALL or AML only, a combined result 

was also presented: 

 

< 0.01 μT (baseline):   OR 1.0 

0.01–0.39 μT:    OR Non significant 

≥ 0.4 μT:    OR 2.63 (95% CI 0.77–8.96) 
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< 0.05 μT (baseline):   OR 1.0 

0.05–< 0.14 μT:   OR 1.8 (95% CI 0.7–4.2) 

 0.14 μT:    OR 0.3 (95% CI 0.0–2.1) 

 

Wire code 

UG/VLCC (baseline):   OR 1.0 

OLCC:     OR 0.95 (95% CI 0.5–1.7) 

OHCC:     OR 1.4 (95% CI 0.8–2.6) 

VHCC:     OR 2.2 (95% CI 1.1–4.3) 

 

UG (baseline):    OR 1.0 

VLCC:     OR 0.70 (95% CI 0.4–1.2) 

OLCC:     OR 0.76 (95% CI 0.5–1.3) 

OHCC:     OR 0.64 (95% CI 0.4–1.1) 

VHCC:     OR 1.2 (95% CI 0.6–2.3) 

 

UG/VLCC (baseline):   OR 1.0 

OLCC:     OR 1.1 (95% CI 0.7–1.5) 

OHCC:     OR 0.99 (95% CI 0.7–1.5) 

VHCC:     OR 0.88 (95% CI 0.5–1.6) 

 

UG/VLCC (baseline):   OR 1.0 

HCC & VHCC:    OR 1.5 (95% CI 0.9-2.6) 

 

UG (baseline):    OR 1.0 

VHCC:     OR 2.8 (95% CI 0.9-8.0) 

 

Mean magnetic fields (24-h bedroom measurement) 

≤ 0.067 μT (baseline):   OR 1.0 

0.068–0.118 μT:   OR 0.68 (95% CI 0.39–1.2) 

0.119–0.267 μT:   OR 0.89 (95% CI 0.46–1.7) 

 0.268 μT:    OR 1.5 (95% CI 0.66–3.3) 
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< 0.2 μT (baseline):   OR 1.0 

 0.2 μT:    OR 2.3 (95% CI 0.8–6.7) 

 

< 0.1 μT (baseline):   OR 1.0 

0.1–< 0.2 μT:    OR 1.2 (95% CI 0.7–1.8) 

0.2–< 0.4 μT:    OR 1.2 (95% CI 0.4–3.1) 

 0.4 μT:    OR 5.8 (95% CI 0.8–43) 

 

Personal monitoring (48-h) 

< 0.08 μT (baseline):   OR 1.0 

0.08–< 0.15 μT:   OR 0.57 (95% CI 0.4–0.9) 

0.15–< 0.27 μT:   OR 1.1 (95% CI 0.6–1.8) 

 0.27 μT:    OR 0.68 (95% CI 0.4–1.3) 

 

Time-weighted average magnetic fields (1.5–48-h 

measurement) 

< 0.1 μT (baseline):   OR 1.0 

0.1–< 0.2 μT:    OR 0.78 (95% CI 0.6–1.1) 

≥ 0.2 μT:    OR 0.90 (95% CI 0.5–1.6) 

0.2–< 0.4 μT:    OR 0.78 (95% CI 0.4–1.5) 

 0.4 μT:    OR 1.7 (95% CI 0.4–7.1) 

 

Night-time magnetic fields 

< 0.1 μT (baseline):   OR 1.0 

0.1–< 0.2 μT:    OR 1.4 (95% CI 0.9–2.2) 

0.2–< 0.4 μT:    OR 2.5 (95% CI 0.9–7.5) 

 0.4 μT:    OR 5.5 (95% CI 1.2–27) 
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Time-weighted average (TWA) (24-h bedroom 

measurement plus spot measurements in two rooms) 

< 0.065 μT (baseline):   OR 1.0 

0.065–0.099 μT:   OR 1.1 (95% CI 0.8–1.5) 

0.100–0.199 μT:   OR 1.1 (95% CI 0.8–1.5) 

≥ 0.200 μT:    OR 1.2 (95% CI 0.9–1.8) 

 

Spot measurements of peak magnetic fields 

≥0.3 µT:    OR 0.3 

 

Spot measurement of magnetic fields 

<0.2 µT:    OR 1.0 

≥0.2 µT:    OR 1.9 (95% CI 0.7–5.6) 

 

Calculated electric fields 

1
st
 quintile (baseline):   OR 1.0 

2
nd

 quintile in V/m
2
:   OR 0.99 (95% CI 0.5–1.8) 

3
rd

 quintile in V/m
2
:   OR 1.8 (95% CI 0.3–13) 

4
th
 quintile in V/m

2
:   OR 4.3 (95% CI 0.9–19) 

5
th
 quintile in V/m

2
:   OR 1.6 (95% CI 0.3–9.4) 

 

Living distance from HV line 

>40m (baseline):   OR 1.0 

<14 m:     OR 0.79 (95% CI 0.5–1.3) 

 

Mean magnetic fields in home 

≤0.213 µT:    OR 1.0 

>0.213 µT:    OR 0.98 (95% CI 0.6–1.6) 

 

Measured magnetic fields in 2 rooms over 24 hr per room 

Bedroom ≥0.2 µT:   OR 16 (95% CI 1.1–224) 

Dayroom ≥0.2 µT:   OR 5.2 (95% CI 0.9–31) 

TWA ≥0.2 µT:    OR 3.3 (95% CI 0.5–24) 
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Measured magnetic fields 

Bedroom ≥0.13 µT:   OR 1.1 (95% CI 0.3–4.1) 

Average interior ≥0.13 µT:  OR 1.5 (95% CI 0.4–4.9) 

 

Personal exposure monitoring 

0.07 – <0.14 µT:   OR 12.0 (95% CI 1.1–14) 

≥0.14 µT:    OR 4.5 (95% CI 1.3–16) 

 

Measured magnetic fields  

0.001 – 0.1 µT:    OR 3.3 (95% CI 1.1–9.7) 

> 0.1 µT:    OR 4.5 (95% CI 0.9–23) 

Magnetic fields 

Meta-analyses of the pooled studies 

Measurement studies (5 pooled studies pooled again) 

0.1–< 0.2 μT:    RR 1.1 (95% CI 0.9–1.3) 

0.2–< 0.4μT:    RR 1.2 (95% CI 0.9–1.5) 

 0.4 μT:    RR 1.9 (95% CI 1.1–3.2) 

 

Calculated field studies (4 pooled studies pooled again) 

0.1–< 0.2 μT:    RR 1.6 (95% CI 0.8–3.3) 

0.2–< 0.4μT:    RR 0.79 (95% CI 0.3–2.3) 

 0.4 μT:    RR 2.1 (95% CI 0.9–4.9) 

 

All studies (the 9 pooled studies pooled again) 

0.1–< 0.2 μT:    RR 1.1 (95% CI 0.9–1.3) 

0.2–< 0.4μT:    RR 1.1 (95% CI 0.8–1.5) 

 0.4 μT:    RR 2.0 (95% CI 1.3–3.1) 

Electric fields 

Case-control studies (3 studies) 

Spot measurements (child’s bedroom) 

< 50th percentile (BL):   OR 1.0 

50–74th percentile(BL):  OR 0.66 (95% CI 0.4–1.2) 

75–89th percentile(BL):  OR 1.1 (95% CI 0.6–2.6) 
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≥ 90th percentile (BL):   OR 0.44 (95% CI 0.2–1.0) 

 

Personal monitoring 

< 12.2 V/m (baseline):   OR 1.0 

12.2–< 17.2 V/m:   OR 0.79 (95% CI 0.5–1.2) 

17.2–< 24.6 V/m:   OR 0.76 (95% CI 0.5–1.2) 

24.6–64.7 V/m:    OR 0.82 (95% CI 0.5–1.5) 

 

Personal monitoring 

< 5 V/m (baseline):   OR 1.0 

5-9 V/m:    OR 1.5 (95% CI 0.5–5.1) 

10–19 V/m:    OR 2.4 (95% CI 0.8–8.1) 

>20 V/m:    OR 4.7 (95% CI 1.2–28) 

 

The 4
th
 study 

Not significant 

Parental exposures 

Cohort (1 study) 

Mothers exposed to magnetic fields 

0.19 μT (3rd quartile):   RR 1.1 (95% CI 0.7–1.4) 

0.26 μT (90th percentile):  RR 1.1 (95% CI 0.7–1.7) 

 

Fathers exposed to magnetic fields  

0.3 μT:    RR 2.0 (95% CI 1.1–3.5) 

Appliances 

Case-Control 

Electric blankets (3 studies) 

Prenatal use:    OR 1.3 (95% CI 0.7–2.6) 

Prenatal use:    OR 1.6 (95% CI 1.1–2.3) 

Prenatal use:    OR 0.8 (95% CI 0.4–1.6) 

Postnatal use:    OR 1.5 (95% CI 0.5–5.1) 

Postnatal use:    OR 2.8 (95% CI 1.5–5.0) 

Postnatal use:    OR 2.2 (95% CI 0.7–6.4) 
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Television (B/W) (1 study) 

Postnatal use:    OR 1.5 (95% CI 1.0-2.2) 

 

Hair dryer (1 study) 

Postnatal use:    OR 2.8 (95% CI 1.4–6.3) 

Conclusion of article Quote: ELF are possibly carcinogenic to humans. Static 

electric and magnetic fields and ELF electric fields are not 

classified as to their carcinogenicity to humans 

Quote: Consistent epidemiological evidence suggests that 

chronic low-intensity ELF magnetic field exposure is 

associated with an increased risk of childhood leukaemia. 

However, the evidence for a causal relationship is limited, 

therefore exposure limits based upon epidemiological 

evidence are not recommended, but some precautionary 

measures are warranted. 

n: number; OR: odds ratio; CI: confidence interval; RR: relative risk; IARC: International Agency for Research on Cancer; ICNIRP: International Commission 

on non-ionizing radiation protection; UG/VLCC: underground wires/very low current configuration; OLCC: ordinary low current configuration; OHCC: ordinary 

high current configuration; VHCC: very high current configuration. 
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Table 2 Methodological quality of included systematic reviews 

 Description / aetiological factor 

[reference] 

Parental 

occupational 

pesticide 

exposure [5] 

Residential 

pesticide use 

[6] 

Nuclear 

facilities/power 

plant [7] 

Diagnostic X-rays 

[8] 

Different 

infectious 

exposures [9] 

1 Was an ‘a priori’ design provided? Yes Yes Can’t answer Yes No 

2 Was there duplicate study selection and 

data extraction? 

Yes Yes Can’t answer Yes  Can’t answer 

3 Was a comprehensive literature search 

performed? 

Yes Yes Yes Yes Can’t answer 

4 Was the status of publication (i.e. grey 

literature) used as an inclusion 

criterion? 

Can’t answer Can’t answer Can’t answer Can’t answer Can’t answer 

5 Was a list of studies (included and 

excluded) provided? 

No No  No  Yes  No  

6 Were the characteristics of the included 

studies provided? 

Yes Yes No Yes Yes 

7 Was the scientific quality of the included 

studies assessed and documented? 

No Yes Can’t answer Yes No 

8 Was the scientific quality of the included 

studies used appropriately in 

formulating conclusions? 

Yes Yes Yes Yes No 

9 Were the methods used to combine the 

findings of studies appropriate? 

Yes Yes NA NA NA 

10 Was the likelihood of publication bias 

assessed? 

Yes Yes No Yes No 

11 Was the conflict of interest stated? No No No No No 

 Total number of criteria scored as 

yes out of applicable criteria (%) 

7/11 (64%) 8/11 (73%) 2/10 (20%) 8/10 (80%) 1/10 (10%) 
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Table 2 Methodological quality of included systematic reviews (continued) 

 

 Description / aetiological factor 

[reference] 

Socio-economic 

status [10] 

Ultrasound [3] Cured meat [4] Extremely low-

frequency (ELF) 

electric and 

magnetic fields [11] 

Extremely low 

frequency fields * 

[12] 

1 Was an ‘a priori’ design provided? Can’t answer No No No No 

2 Was there duplicate study selection and 

data extraction? 

Can’t answer Can’t answer Can’t answer Can’t answer Can’t answer 

3 Was a comprehensive literature search 

performed? 

Yes Yes Yes No No 

4 Was the status of publication (i.e. grey 

literature) used as an inclusion 

criterion? 

Can’t answer Can’t answer Can’t answer Can’t answer Can’t answer 

5 Was a list of studies (included and 

excluded) provided? 

No  Yes Yes No  No  

6 Were the characteristics of the included 

studies provided? 

Yes No Yes No No 

7 Was the scientific quality of the included 

studies assessed and documented? 

No No No Yes Can’t answer 

8 Was the scientific quality of the included 

studies used appropriately in 

formulating conclusions? 

Yes Yes Yes Yes Yes 

9 Were the methods used to combine the 

findings of studies appropriate? 

NA NA NA NA NA 

10 Was the likelihood of publication bias 

assessed? 

Can’t answer Can’t answer Can’t answer Can’t answer Can’t answer 

11 Was the conflict of interest stated? No No No No No 

 Total number of criteria scored as 

yes out of applicable criteria (%) 

3/10 (30%) 3/10 (30%) 4/10 (40%) 2/10 (20%) 1/10 (10%) 

NA: not applicable 

* A summary of the IARC publication was presented in the WHO publication, but while assessing the methodological quality of this publication we focused 

only on the studies published after the IARC publication. 
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Table 3 Short summary of main results for total leukaemia (for more detailed information see table 1) 

Aetiological factor [reference] Number of studies; 

Pooling or 

individual study 

results 

Results Methodological quality of 

systematic review/meta-

analysis, i.e. total number of 

criteria scored as yes out of 

applicable criteria 

Parental occupational pesticide exposure [5] 

Paternal any pesticides 30 pooled Non-significantly higher risk 7/11 (64%) 

  insecticides 3 pooled Significantly higher risk  

  herbicides 5 pooled Non-significantly higher risk  

  fungicides 4 pooled Non-significantly higher risk  

Maternal any pesticides 16 pooled Significantly higher risk  

  insecticides 6 pooled Significantly higher risk  

  herbicides 2 pooled Significantly higher risk  

Residential pesticide use [6] 

Unspecified during pregnancy 11 pooled Significantly higher risk 8/11 (73%) 

Unspecified during childhood 9 pooled Significantly higher risk  

Residential insecticides during pregnancy 8 pooled Significantly higher risk  

Residential insecticides during childhood 7 pooled Significantly higher risk  

Residential herbicides during pregnancy 5 pooled Significantly higher risk  

Residential herbicides during childhood 4 pooled Non-significantly lower risk  

Nuclear facilities/power plant [7] 

Closer to nuclear power plant 25 individual 25 studies examined many sites, sometimes 

repeatedly identified 8 sites with increased 

risk 

2/10 (20%) 

Pre-and postnatal diagnostic X-rays [8] 

Prenatal 9 pooled Non-significantly lower risk 8/10 (80%) 

Postnatal 4 individual Non-significantly higher risk  
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Different infectious exposures [9] 

Maternal infections   1/10 (10%) 

 Recurring lower genital tract 1 individual Significantly higher risk  

 Any infection in pregnancy 1 individual Non-significantly higher risk  

Childhood infections    

Age 0-2 months:    

 Measles 1 individual Non-significantly neither lower or higher risk  

 Other infections 1 individual Non-significantly neither lower or higher risk  

 Respiratory infections 1 individual Non-significantly higher risk  

 Influenza 1 individual Non-significantly higher risk  

Age 3–5 months:    

 Measles 1 individual Non-significantly neither lower or higher risk  

 Other infections 1 individual Non-significantly neither lower or higher risk  

 Respiratory infections 1 individual Non-significantly neither lower or higher risk  

 Influenza 1 individual Non-significantly lower risk  

 Repeated early common infections 1 individual Non-significantly lower risk  

Seropositivity for    

 EBV 1 individual Significantly lower risk  

 HHV-6 1 individual Significantly lower risk  

 Parainfluenza 1, 2 and 3 1 individual Significantly higher risk  

 Mycoplasma 1 individual Non-significantly lower risk  

 Influenza 1
st
 year of life 1 individual Significantly higher risk  

 Chickenpox 1 individual Non-significantly lower risk  

Vaccinations    

 >4 routine immunizations 1 individual Significantly lower risk  

 Immunisations 1 individual Significantly lower risk  

 Measles vaccination 1 individual Non-significantly higher risk  

 Any vaccination 1 individual Non-significantly lower risk  

 Viral vaccinations 1 individual Non-significantly higher risk  

 Hib-vaccine HbOC arm 1 individual Non-significantly higher risk  

 Hib-vaccine Early vac arm 1 individual Non-significantly lower risk  

Birth order; several subgroups 1 individual Conflicting results  

Parental occupational contact levels 1 individual Significantly higher risk  

Paternal occupational contact 2 individual  Inconsistent results  
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Socioeconomic status [10] 

Higher family income 8 individual Significantly lower risk 3/10 (30%) 

Higher level mother’s education 13 individual Significantly lower risk  

Father’s education 9 individual Significantly lower risk   

Father’s occupational class 11 individual Significantly higher risk  

Household density 3 individual Mostly significantly higher risk  

Derived measure (i.e. combining father’s education 

and occupation) 

1 individual Non-significantly lower risk  

Highest parental education 3 individual Inconsistent results  

Ultrasound [3] 

US exposure in utero 3 individual Neither higher or lower risk 3/10 (30%) 

Cured meat [4] 

Intake level 3 individual Non-significantly higher risk 4/10 (40%) 

Meat type 1 individual   

 Hot dogs  Lower risk, no sign. level  

 Bacon & sausages  Higher risk, no sign. level  

 Lunch meat  Neither lower or higher risk, no sign. level  

 Ham  Higher risk, no sign. level  

Extremely low-frequency (ELF) electric and magnetic fields [11] 

Residential fields   2/10 (20%) 

High voltage power lines 1 individual Significantly higher risk  

Calculated magnetic fields 6 individual Non-significantly higher risk  

 4 pooled Non-significantly higher risk  

Wire code 5 individual Non-significantly higher risk  

Measured fields 7 individual Non-significantly higher risk  

 5 pooled Significantly higher risk  

Measured + calculated fields 9 pooled Significantly higher risk  

Electric fields 4 individual Inconsistent risk  

Maternal exposure 1 individual Non-significant higher risk  

Paternal exposure 1 individual Significantly higher risk  

Electric blankets (prenatal use) 3 individual Inconsistent risk  

Electric blankets (postnatal) 3 individual Nonsignificantly higher risk  

Television; (B/W postnatal) 1 individual Non-significantly higher risk  
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Hair dryer (postnatal use) 1 individual Significantly higher risk  

Extremely low frequency magnetic fields [12] 

Distance to transmission lines 0-49m 1 individual Higher risk (significance level not stated) 1/10 (10%) 

    500-599m  Higher risk (significance level not stated)  

Exposure to magnetic fields 1 individual Non-significantly higher risk  

 


