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Objectives The purpose of the study was to address the possible associations between the occupational 
exposure of Inen to electromagnetic fields (EMF) and the risk of childhood brain tumors in offspring by 
reanalyzing case-referent interview data from a study of environmental factors and childhood brain tumors 
conducted by one of the authors and first reported in 1990. 
Methods Analyses of the case-referent data were limited to the 94 cases and 166 individually-matched 
referents for whom data on the biological fathers were available. Paternal exposure to occupational EMF was 
inferred from a list of job titles compiled for that purpose. Mantel-Haenszel odds ratios (OR) for individually 
matched cases and referents were estimated for different definitions of exposure. 
Results The findings suggested at best very small increases in risk for jobs associated with the occupational 
EMF exposure of fathers during the one-year period prior to conception, the OR values ranging from 1.12 to 
1.31. Notably elevated OR values were, however, found in association with any paternal welding in the one-year 
preconception period (OR 3.8,95% confidence interval 0.95-15.55). 
C O ~ C ~ U S ~ O ~ S  The results of reanalysis indicate that preconceptional paternal occupational exposure to EMF is 
at best only wealtly associated with a risk of childhood brain tumors. However, the findings for paternal welding 
are somewhat intriguing since relatively strong EMF have been measured in association with welding. Further 
study of welding as a potential risk factor is required since welders may be exposed to a wide range of toxic 
agents in addition to EMF. 

Key terms brain neoplasms; electromagnetic fields, adverse effects; neoplasms, epidemiology; occupational 
exposure. 

Each year in the United States approximately 1200 new 
cases of primary tumors of the central nervous system 
(CNS) are diagnosed among children less than 15 years 
of age (1). The incidence varies with age, gender, and 
race but is approximately 2.5 per 100 000 children per 
year, making CNS tumors second only to leukemia in 
childhood cancer incidence. 

Despite continued research, the etiology of childhood 
CNS tumors remains unclear. Some attention has fo- 
cused on parental occupation, with the generally positive 
findings from early studies concerning "hydrocarbon- 
related" occupations not subsequently confirmed by most 
later studies (2-5). A still smaller number of studies 
(6-1 1) has examined the question of parental (usually 
paternal) occupational exposure to electromagnetic fields 
a~ld risk of childhood nervous system cancer, specifical- 
ly neuroblastoma (6, 10, 1 I)  and brain tumors (7-9). 

In the Nasca et a1 (7) case-referent interview study on 
childhood brain tumors, odds ratios (OR) for paternal 
employment in jobs presumed to involve exposure to 
electromagnetic fields (at the time of birth) were modest- 
ly elevated (narrow-definition OR 1.7, broad-definition 
OR 1.6). In the case-referent study conducted by John- 
son & Spitz (9) with the use of birth and death certifi- 
cates, paternal employment in industries linked with elec- 
tromagnetic field exposure (at the time of birth) was 
found to be associated with a similar increase in the risk 
of childhood brain tumors in offspring (OR 1.6). In their 
analysis of paternal occupation, case fathers were more 
likely to have been electricians (OR 3.5) and much more 
likely to have been construction electricians (OR 10.1). 
Although their case-referent interview study was not de- 
signed to test the electromagnetic field hypothesis spe- 
cifically, Wilkins & Sinks (8) found that the OR values 
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for paternal employment in three periods (preconception, 
pregnancy, postnatal) ranged from 2.0 to 3.2 for job 
cluster 3 of Hsieh et a1 (12). This job cluster represents a 
grouping of jobs linked by a job-exposure matrix to the 
potential for heavy exposure to electromagnetic fields (1 3). 

It could be readily argued that the evidence take11 as a 
whole regarding the association between childhood brain 
turnors and parental e~nployment in occupations or in- 
dustries involving electrolnagnetic field exposure is not 
compelling. In our opinion, however, the fi~ldings in this 
area to date are not sufficiently persuasive to conclude 
that there is no real association (hence the rationale for 
conducting a reanalysis of case-referent data). 

Subjects and methods 

Case and referent selection 

Data collection procedures have been detailed elsewhere 
(8) but are briefly surnrnarized below. 

Cases were identified through the Colurnbus Chil- 
dren's Hospital Tuinor Registry. Patients less than 20 
years of age with CNS turnors [code 191 of the Interna- 
tio~lal Classification of Diseases, ninth revision (ICD- 
9)], diagnosed during the eight-year period 1 January 
1975 through 31 December 1982, were identified for 
possible inclusion. Perrnission to contact the family was 
sought and obtained from the family physician prior to 
any interviewing. 

Random-digit dialing was used to select referents 
from the 48-county referral area of the Columbus Chil- 
dren's Hospital Tumor Registry. As previously described 
(14), the telephone exchange was not used as a matching 
factor because the selection of referents on any close 
geographic or residential basis might have resulted in 
overn~atching on parental occupation. The referents were 
cancer-free biological children of the household resi- 
dents and were individually matched to cases by gender, 
race, year of birth, and survival up to the age of the 
case's diagnosis. Attempts were made to obtain two ref- 
erents for each case. 

Table 1. Reasons for the exclusion of potential cases 

Reasons for exclusion Number Percentage Percentage 
excluded of the of the 

59 excluded 153 cases 
identified 

Physician refusal 7 11.8 4.6 
Parental refusal 18 30.5 11.8 
No contact made 14 23.7 9.2 
No control identified 3 5.1 2.0 
Not in population at risk 2 3.4 1.3 
Occupational data unavailable 14  23.7 9.2 
Child not home since birth 1 1.7 0.6 

Total 59 99.9 38.7 

The telephone interview elicited inforrnation on a 
wide range of hypothesized risk factors for childhood 
brain tumors (8). When possible, the biological parents 
of each case and referent were interviewed separately to 
obtain the occupational history data. In general the in- 
formation pertained specifically to the following peri- 
ods: the one-year period prior to conception, the preg- 
nancy period, and the period of time from birth to diag- 
nosis. 

Of the 153 cases initially identified, 94 were eligible 
for inclusion in the analysis reported in this communica- 
tion (table 1). Sixty-seven percent of the 94 cases were 
male children; this percentage is consistent with national 
data that demonstrate a higher frequency of childhood 
brain tumors ainong males (1). Furthermore, the fre- 
quency of tumor types was found to be co~npmable to 
that described for white children in the SEER (surveil- 
lance epidemiology, and end results) data (1). Slightly 
more than half of the cases were diagnosed with astrocy- 
torna (29.8%) or ~nedulloblaston~a (26.6%). In the SEER 
data these tumor types constitute 39% and 22% of the 
cases, respectively. As in the national data, glioma, 
ependymoma, and glioblasto~na were found to be the 
next most frequently occurring tumor types. 

Classification of exposure 

In the past, the classification of occupational electromag- 
netic field exposure has largely been an intuitive process 
(15). Exposure has been inferred from a job title or a job 
description, or expert opinion has been used. Since a 
classification scheme based on direct measurements 
would likely represent an iinprovement over previous 
approaches, the results of published dosimetry studies 
were reviewed with the intent of constructing a better 
exposure classification scheme. Althougl~ most data in 
the open literature were judged to be inadequate for this 
purpose, results of the Bowrnan el al (16) dosi~netry 
studies of the "electrical" occupations suggested by Mil- 
ham (17) were used to modify the classification schenle 
proposed by Loomis & Savitz (I 8). (See table 2.) Specif- 
ically, this modification consisted of adding the follow- 
ing three census bureau occupational codes: 683 (elec- 
tronics assemblers), 856 (fork-lift operators), and 783 
(welders). 

Coding of the occupational data [according to the 
1980 census bureau codes (19)] was performed blindly 
as to case-referent status. All relevant information ob- 
tained during the interview was used in assigning the 
appropriate code: the job title; the description of duties, 
activities, responsibilities; and any data reported in re- 
sponse to an open-ended question about worl<place ex- 
posures. In general, if any evidence of electro~nagnetic 
field exposure was present, the individual was classified 
with a code which would indicate occupational electro- 
magnetic field exposure. For example, an individual 
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whose self-reported job title was "laborer," and whose 
job description read "built billboards, painted, welded," 
was given the code 783 for welders. Because welders 
have relatively high mean exposures to electrolnagnetic 
fields (20), welders were selected a priori for a separate 
analysis. 

All the jobs held by the fathers d~lring the pregnancy 
period and the year prior to conception were coded, but 
only one job per father was used in the analysis for each 
period. In circu~nstances where a father reported multi- 
ple jobs during a single period, the following rules were 
observed. If one of the codes in table 2 was present, it 
was assigned and the others were ignored. If two or Inore 
codes in table 2 were present, and one of thein was 783 
(welding), then the job given code 783 was used in the 
analysis. If two or Inore codes in table 2 were present, 
and none was equal to 783, then the code for the job of 
greater duration associated with electrolnagnetic field 
exposure was used. If none of the jobs were assigned a 
code associated with electromagnetic field exposure, then 
the job of greater duration was used. If the jobs were of 
equal duration, theti the code for the first chroilological 
job was selected. If two jobs were held simultaneously, 
then the job with the greater number of hours worked per 
week was used. 

The unexposed reference group was defined as all 
occupations not given in table 2, including uneinployed 
persons. Thus when welding exposure was examined, 
the cases and referents whose fathers were employed in 
nonwelding occupations with presumed electromagnetic 
field exposure were excluded from the analysis. 

The two periods of interest were treated separately, 
with the number of months employed in the job with 
presumed electromagnetic field exposure used in an at- 
tempt to refine the exposure measure. For the pregnancy 
period, the following two duration-dependent definitions 
of exposure were applied: father held job at any time 
during the pregnancy period and father held job for five 
or more months during the pregnancy period. 

For the preconception period, the following exposure 
definitions were used: father held job any time during the 
year prior to conception, and father held job any time 
during the 75-d period iintnediately preceding concep- 
tion. The last definition was an atteinpt to examine the 
period of sper~natogenesis relevant to the index pregnan- 
cy (21). 

Statistical methods 

The purpose of our analysis was to evaluate the hypothe- 
sized association between the risk of childhood brain 
tuinor and a specific group of parental (paternal) occupa- 
tions. To this end, analyses were limited to the 94 cases 
and 166 referents for whom data on the biological fathers 
were available. Mantel-Haenszel estimates of the odds 
ratio (OR) for cases individually matched to a variable 

Table 2. Occupations with presumed exposure to electromag- 
netic fields and associated census codes." 

Census Occupation 
code 

Electrical and electronic engineers 
Electrical and electronic technicians 
Broadcast equipment operators 
Electronic repair, com~nunicat ion and industrial equipment 
Data processing equipment repairers 
Household appliance and power tool repairers 
Telephone line installers and repairers 
Telephone installers and repairers 
Miscellaneous electrical and electronic equipment repairers 
Supervisors, electricians and power installers and repairers 
Electricians 
Electrician apprentices 
Electric power installers and repairers 
Electronic assemblers and other electric equipment assemblers 
Power plant operators 
Motion picture projectionists 
Welders 
Fork-lift operators 

a Modified version of classification system described by Loomis & Savitz 
(18). 

number of referents were calculated as effect measures 
(22). Ninety-five percent confidence intervals (95% CI), 
based on the method described by Robins et a1 (23), were 
estimated with StatXact software (24). The evaluation of 
potential confounding was restricted by a limited sample 
size, relatively uncornmon exposures, and few known 
risk factors for childhood brain tumors. 

The nurnber of referents for the preconception and 
prenatal periods differed slightly due to rnissing occupa- 
tional data. For the preconception period, 166 referents 
were matched to the 94 cases as 72 triplets and 22 pairs. 
For the pregnancy period, 167 referents were matched to 
the same 94 cases as 73 triplets and 21 pairs. 

Results 

Inferred occupational exposure to elecfromagnefic 
fields 

The odds ratios and 95% confidence i~ltervals for pater- 
nal e~nployment in jobs associated with occupational 
exposure to electromagnetic fields are given in table 3. 
The three OR values for the preconception period varied 
from 1.12 to 1.3 1 ; they all have confidence limits with 
lower bounds in the 0.4-0.6 range and upper bounds in 
the 2.8-3.0 range. No increase in risk was fouild for 
paternal employment (defined two ways) during the preg- 
nancy period. 

Any job involving welding (broad definition) 

For paternal welding anytime during the preconception 
period (and for welding anytime during the 75 d prior to 
conception), the OR values were notably elevated, as 
shown in table 4 (OR 3.83, 95% CI 0.95-15.55). Re- 
stricting the definitioil of exposure to include only the 
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Table3. Odds ratios ( O R )  and 95% confidence intervals (95% CI) 
for paternal employment in occupations with presumed electro- 
magnetic field exposure. 

Time period Number of ORa 95% Clb 
exposed 

case fathers 

Preconception 
Any employment during 
time period 11 1.31 0.58-2.98 
Employment for r 7 months 
during time period 8 1.12 0.44-2.83 
Employment during 75 d prior 
to conception 10 1.26 0.53-2.98 

Pregnancy 
Any employment during time period 9 1.03 0.45-2.39 
Employment for r 5 months during 
time period 8 1.04 0.42-2.54 

a Mantel-Haenszel estimates for matched data (22). 
Variance estimated using the method of Robins et al (23) 

Table 4. Odds ratios (OR)  and 95% confidence intervals (95% GI) 
for paternal employment in occupations involving e el ding.^ 

Time period Number of ORb 95% CIC 
exposed 

case fathers 

Preconception 
Any welding-related employment 
during time period 6 3.83 0.95-15.55 
Welding-related employment 
for 2 7 months during time period 5 3.17 0.75-13.44 
Welding-related employment 
during 75 d prior to conception 6 3.83 0.95-15.55 
Only welding 3 1.75 0.23-13.21 

Pregnancy 
Any welding-related employment 
during time period 5 2.50 0.67-9.31 
Welding-related employment 
r 5 months during time period 5 3.33 0.80-13.95 
Only welding 2 1.00 0.09-11.03 

a Exposed group includes all fathers who reported welding as a sole job 
task or as one of several job tasks. 
Mantel-Haenszel estimates for matched data (22). 
Variance estimated using the method of Robins et al (23). 

fathers employed in a welding-related job for at least 
seven months during the preconception period decreased 
the OR slightly (OR 3.17, 95% CI 0.75-13.44). Every 
father who reported welding during the preconception 
period reported to have welded during the 75 d prior to 
conception. 

As is also shown in table 4, the OR for any welding 
exposure during the pregnancy period was elevated (OR 
2.50,95% CI 0.67-9.31), but more modestly so than for 
the preconception period. Restricting the definition of 
welding exposure to five or more months during the 
pregnancy period increased the OR to 3.33 (95% CI 
0.80-13.95). 

There were no striking gender, age, or tumor-type 
patterns evident among the cases whose fathers reported 

job-related welding; several tumor types and a variety of 
ages were represented. 

Paternal welding as only job task (narrow definition) 

Table 4 also gives OR values and 95% confidence inter- 
vals for paternal employment using the narrow definition 
of welding exposure (welding was the sole reported job 
task). The OR for the preconception period was elevated 
(OR 1.75,95% CI 0.23-13.31), but much more inodest- 
ly than when the broad definition was used. Applying the 
narrow definition gave only three case fathers in the 
preconception period, and, not surprisingly, the OR had 
a wide confidence interval. No increase in risk was found 
for the pregnancy period (only two case fathers satisfied 
the exposure definition). 

Time periods 

Although the two time periods were examined separate- 
ly, differences in the paternal employment patterns be- 
tween the two were small, and it was therefore difficult 
to delineate risk by time period. For example, of the nine 
fathers who reported job-related welding anyti~ne during 
the preconception period, eight also welded during the 
pregnancy period. Likewise, of the nine fathers who 
welded during the pregnancy period, eight also welded 
during the preconception period. Thus a total of 10 fa- 
thers had jobs involving welding, of whonl eight welded 
during both time periods. 

Potential confounders 

When potential confounders in our data were examined, 
attention focused on the analysis of paternal welding 
exposure since the analysis for inferred exposure to elec- 
tromagnetic fields yielded weak evidence at best for a 
positive association and none of the potential confound- 
ers would be considered protective. In all the analyses, 
the potential conrounder was treated as a dichotomous 
variable, and no attempt was made to quantify the degree 
of exposure to the potential confounder. Overall, there 
was little evidence for confounding from maternal or 
childhood exposure to X rays, parental smoking, or 
household pesticide use. Furthernlore, controlling for the 
potential confounder did not substantially alter the OR 
for paternal exposure to welding. 

Discussion 

The results - that the preconception exposure of fathers 
to occupational electro~nagnetic fields was found at best 
to be only weakly associated with increased risk, while a 
much stronger association was seen for paternal welding 
- are potentially affected by several possible weak- 
nesses and biases. The discussion that follows focuses on 

342 Scand J Work Environ Health 1996, vol22, no 5 



Wilkins & Wellage 

the weaknesses that complicate the interpretation and 
perhaps compromise the informativeness of the findings. 

Any associations found in any study can be the result 
of chance, but particular attention must be given to this 
possibility in the context of the cussent analysis. Al- 
though relatively few tests were conducted, the reported 
results represent a reanalysis of data on which numerous 
analyses have already been performed. It must also be 
acknowledged that the objectives of the initial data col- 
lection effort did not include a specific focus on the 
question of parental electromagnetic field exposure and 
childhood brain tumor risk. Furthermore, the sinall sam- 
ple size (and the small number of fathers classified as 
exposed) enhances the possibility that the reported re- 
sults can be explained by chance. 

Epidemiologic studies of health effects related to 
electromagnetic field are particularly vulnerable to expo- 
sure misclassification bias. Investigators conducting the 
early studies of occupational exposure to electrotnag- 
netic fields relied heavily on job title (eg, a job title with 
"electric" was autotnatically included). In past studies 
(and in the current one), electricians were classified as 
exposed to electro~nagnetic fields despite the fact that 
most nonindustrial electricians work in situations where 
the power is turned off. Furthermore, a single job title is 
unlikely to capture adequately the considerable variabili- 
ty in occupational exposure to electromagnetic fields 
(25), which derives from two sources. First, there is the 
variability within a broadly defined occupation, which is 
evident from dosimetry data (1 6). Second, variability in 
occupational electro~nagnetic field exposure exists 
among worlcers in the same occupation and work envi- 
ronment. For example, power station operators working 
in generating stations have a geometric mean exposure 
of 6.0 x T, but the range for this category extends 
from 0.1 x to 118 x T (16). Thus the within- 
occupation variability in electromagnetic field exposure 
precludes error-free classification of workers on the ba- 
sis of job title alone. In the current study, information on 
job tasks, responsibilities, and exposures was also used 
in determining exposure status. Although this addition 
probably represents an improvement, the interview was 
not conducted with the current hypothesis in mind, and 
thus particularly pertinent inforlnation concerning each 
work environment was not obtained. 

In case-referent interview studies, the possibility ex- 
ists that cases are more (or less) likely to report 
exposure(s) than referents, even if overall (average) ex- 
posure levels are similar in both groups. This concern 
intensifies if the cases (or case parents) are more (or less) 
aware of the study hypothesis than the referents (or refer- 
ence parents) (26, 27). The hypothesis for the current 
analysis was not, however, widely publicized at the time 
the interviewing took place, and the interviewers were 
unaware of it as a potential study hypothesis. Thus it 

seems unlikely that the case fathers would have been 
more likely to report occupations associated with elec- 
tromagnetic fields or welding because of specific beliefs 
concerning the effects of such exposures. 

Boyle et a1 (see their table 4) recently reported on the 
validity of occupational exposure data obtained froin 
proxy respondents (28). Using self-reports as the stand- 
ard, they found that proxy interviews (from a spouse or 
other knowledgeable surrogate) produced poor sensitivi- 
ties, ranging froin 0% to 52% for questions about 13 
specific occupational exposures (the average of the 13 
sensitivities was approximately 30%). This finding is 
relevant to the current analysis since it was not possible 
to obtain occupational data for each father by personal 
self-report. Seventy-nine percent of the occupational data 
for the case fathers was from self-report compared with 
71% for the reference fathers. The small size of this 
discrepancy suggests that it is unlikely that this potential 
source of bias was solely responsible for the elevated OR 
observed for the welders. 

In evaluations of the effect of confounding in this 
study, a distinction should be made between occupation- 
al and nonoccupational confounders, although age, gen- 
der, and race are the only factors consistently associated 
with the risk differences (29-3 1). Several potential non- 
occupational confounders were considered (parental 
smoking, maternal and child exposure to X rays, and use 
of domestic pesticides), but were found not to be con- 
founders in our data. Although it is possible that some 
unidentified nonoccupational confounder could explain 
the elevated OR associated with welding, the absence of 
increased risk for other occupations with presumed ex- 
posure to electromagnetic fields argues against this pos- 
sibility. Welders are similar to these other occupational 
groups with respect to socioecorlomic status, and thus it 
seems reasonable to expect that such workers as welders, 
electricians, power plant operators, and telephone line- 
men have, on the average, similar income levels, educa- 
tional backgrounds, and health behaviors. If some uni- 
dentified confounder was responsible for the elevated 
OR values found for the welders, this same confounder 
would be expected to elevate the OR associated with 
these other occ~~pational groups. The OR values associ- 
ated with these other groups were not elevated, and thus 
the argument for an unidentified confounder of a nonoc- 
cupational nature is weak. It must however also be ac- 
knowledged that other sources of electrolnagnetic field 
exposure were not considered (eg, home or residential 
exposures and exposures resulting from the use of elec- 
trical appliances such as electric blankets). 

Occupational exposure to electromagnetic fields 
could be confounded by other occupational exposures 
[as based on a previous analysis of the same case-refer- 
ent data (8); this concern would pertain only to fathers, 
not mothers]. The elevated OR associated with welding 
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could be attributable to electromagnetic field exposure 
or to some other chemical or physical exposure cotnmon 
to welding. 

Whether there is a causal relationship between pater- 
nal exposure to welding and childhood brain tumor is in 
our opinion deserving of more attention. Although one 
pla~isible explanation for the elevated OR values asso- 
ciated with paternal welding Sound in this study is a 
combination of chance and bias, it is also true that the 
evidence concerlling the potential reproductive health 
effects associated with welding is intriguing. There is 
indirect evidence that welding can affect sperm cell via- 
bility (32-34) and thus this evidence invites speculation 
about possible DNA damage. Since welding is asso- 
ciated with higher than average exposure to electromag- 
netic fields, it should be noted that electroniagnetic fields 
have stimulated biological activity in several biological 
systems. For example, electro~nagnetic fields can affect 
circadian rhythms, calcium ion transport across cell 
membranes, and nervous system function (35). Welding 
is also associated with an array of chemical exposures 
and, importantly, heat, which can adversely affect sper- 
matogenesis (36). It could be argued that these exposures 
are the relevant ones with respect to paternal electromag- 
netic field exposure and cancer risk in offspring. 

Future research efforts should focus on the careful 
characterization of welding exposure. In addition, since 
research suggests that welding exposure may be associ- 
ated with several different health effects, cohorts of weld- 
ers and referents might be compared for a variety of 
reproductive outcomes, including multigenerational ef- 
fects. 
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