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Purpose: The a im of thi s study was to address th e assoc iati ons between occupationa l exposure to 

e lectromagnetic fì e lds (EM F) and the ri sk of bra in tumors across di fferent histo logical types 

Materials and Methods: A tota l of 111 cases of primary bra in tumors and 23 5 controls were co l!ected 

fo r a hospita l-based case-contro l stlldy. The exposure assessment separated workers into three different 

grollps (non-exposure, possibl e-exposure, and explic it-exposllre) of occupational exposure depending 

on di ffe rent strengths of EMF 

Results : A s igni fica ntl y increased ri sk of bra in tumors was o bserved among men held j obs w ith 

“ explic it-exposure" to EMF re lative to those w ith “ non-exposure" (OR = 7.37, 95% C I: 1.36-40.03) . 

The O R for acoustic neuroma cases was 7.39 (95% C I: 1.9 1-28.54) w ith “ explic it- exposure" to EMF 

re lati ve to those w ith “non-exposure" , and the OR fo r g lioma cases was 6.22 (95% C I: 1.5 1-25.73) in 

the “possible-exposure" group re lati ve to the “non-exposure" group. 
Conclusion: Our fìndin gs of quest ionnaire support the assoc iation of occupational exposure to EMF in 

the development of both g li oma and acoust ic neuroma. 
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Brain tumors are rare but often fa ta l. I n 2006, 
it was estimated that there were nea rl y 667 日ew

cases d iagnosed and 401 new deaths from primary 

bra in tumors in Taiwanese ad ultsl1l. The etiology 

of bra in tumors is not well understood. Oecades of 

studies have been conducted in an effort to identify 

th e cause of bra in tum ors. loni z in g radiat ion11 

汀 ， orga ni c so lven ts (e.g. , v in y l c hl or id es l4 叫，

p e s t ic ides I71 ) , ge ne ti c pre di s p o s i ti o n l 圳 ， a nd 

electromagnetic fìe lds (EMF) have been implicated 
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OccupalÎonal exposure [ 0 EM F in relation lO risks of brain cancer 

as the ri sk factors for brain tumorsl91 . As a result of 
the quick development of electrosurgica l devices 

during th e twentieth century, the opportunity 
for occupational exposure to EMF is increasing. 

Previo us st udi es s uggesti ng the association 

between occ upa ti ona l exposure to EMF a nd 
brain tumors have ge nera ll y provided weak or 

no evi dence of a ca usa l re lat ionship. Th e first 
report of a n associat ion between occ upa tiona l 

exposure 10 EMF and brain tumors was publi shed 
in 1985 (1 0

1, which was later corroborated in other 
studies111 -151 . Many epidemiolog ica l st udies have 
found a posit ive relationship between ex pos ure 
to EMF and the risk of brain tumors111 . 1 月， whil e 

o thers have not l13. 141 Furthermo悶 ， da ta from 

previous st udies on patho logica l cell ty pes of 
brain tumors are quite limited. A r閃epor叫t on male 
subjects in a po叩pu叫lation吋ased case-control stu叫dy

conducted in Centra l Sw巴den showed a tendency 
toward an increased risk for g釗liωoma among men 
occ upati ona ll y expose d to EMF wi 忱th mean 
values of more than 0.4 μTI15 J . Using job exposure 
mat r ices (J EMs) co mbin ed wi th professional 

judgment to eva luate quantitatively occupationa l 

exposure to EMF levels by job titl巴， a study using 
data from the Canadian National Enhanced Cancer 

Surveillance System reported a positive association 
between the duration of occ upat ional exposure 
to EM F, w ith exposure greate r than 3.0 mG , and 
g lioblastomasl161. However, a hospital-based case
control study has show n no assoc iation between 
occ upationa l ex pos ure to EMF, assessed us ing 
J EMs , and an increase in the ri sk of developing 
glioma, glioblastoma, or meningoma\l 7J. Therefore, 
the association between occupat ional exposure to 

EMF and pathological cell types of bra in tumors 

is not yet certai n. Henc巴 ， the a im of this study 
was to explore whether brain tumors assoc iated 

with occupat ional exposure to EMF have cell type 

specificity. 

Materials and Methods 

The relationship between occupationa l exposure 

to e lec tromag net ic fields a nd brain cancer was 
invest igated using a hospita l-based case-control 

st ud y between Se ptember 2004 a nd February 

2005. A tota l of III bra in cancer cases from the 

Neurosurgery Department at Chung Shan Medical 
University Hospi ta l in Taiwan were enro lled in 
this study. Each sing le case was a primary brai n 

tumor. Patients wi th metastatic bra in tumors and 

a ng iomas we re exclud ed from this st udy. The 

study cases were diag nosed and co nf irm ed by 

medi ca l spec ia lists and pat ho log ists . Co ntro ls 

were also selec ted at the same hospital and any 
cases with diseases possibly caused by exposure 

to electromagnetic fields were eliminated from the 
control group. The 235 controls were collected from 

the Department of Neurosurgery, the Department 
of Neurology, the Department of Orthopedics, and 
from other hospita li zed pat ients . The exposure 

information for both case and control groups were 
collected by personal interv iews and questionnaires 

including personal information, exposure history to 

e l ectronic 自eld s ， history of illness, family history 

of cancer, smok ing and drinking status . lnformed 
consent was obtained from each subject after a full 
explanation ofthis study 

A questionn a ire was used to understa nd the 
patie nts' worki ng e nvironment from the sta rt 

of their employment until t he diagnosis of the 
brain tumo r. Those inc lud ed in th e study had 
to be empl oyed for at least ha l f a yea r. From 

this assessment , we separated wo rk ers into 
three different groups accordin g to the level of 
occupational exposure to E恥1 F. The three exposure 
groups were “ non-exposure,"“possi ble-ex posu re," 
a nd “ exp l ic it- ex po s ure ." II OJ The occupational 

barcode in thi s quest ion naire was based on 1990 
job cla ss i自cation s. 118J

Statistical ana lysis of the data was performed 

using the SAS Software Package (Vers ion 9. 12; 

SAS In stitu te ln c, Cary, NC). The association 

between case and control g roups ca tegori zed by 
variables was determined by Chi- square test or 
刊泊位's exact tes t. Adjusted odds ratios (ORs) and 

95% confidence intervals (C Is) for brain tumors 
we re calc ul ate d from un co nditional logi s tic 
reg ression models acco rdin g to occ upationa l 

exposure to electromagnetic fie lds. The ana lysis 
of bra in tumors was further performed by using 

histopatho logy grouping. Stati st ica l results were 
considered 10 be significant at p < 0.05. 



Chuan-Fu Huan皂， Chia-Chi Lung, Chien-Chang Ho, Chin-Feng Yang. 1-Yi ng Lcc, Yung-Po Liaw, et al 

Results 

Ta bJe J s how s the basic d e mo gra phic 

characteri stics for th e brain tumor cases and 

controJs. The characteristics incJude: ag巴， sex , 

education JeveJ, and famiJy backgrou nd. The tabJe 

indicates that the subjects in the case group were 

oJder than those in the control group, with 6.3 1% 

of the case group and 12.34% of the controls under 

thirty years old. Also, the number of females in the 

case group was higher than in the control group 

The education leve l of the case g roup was also 

higher. For example, 29.73% of the people in the 

case group graduated from sen ior h igh school , 

while in the control group , most of th e people 

g radu ated from e lementary sc hoo l (30.6 4%) 

After biometry testin g, it was di scove red that 

Table 1. Characteristics of cases and controls. 
Cases 

Characteristics (N = 111) 
n % 

Age group (years) 
主 30 7 6.31 
31-65 75 67.57 
> 65 29 26.13 

Sex 
Male 38 34.23 
Female 73 65.77 

Education level 
川iterate 21 18.92 
Elementary school 22 19.82 
Junior high school 19 17.12 
Senior high school 33 29.73 
University 14 12.61 
Graduate school 2 1.8 
Unknown 。 0.00 

Family background 
Taiwanese 97 87.39 
Hakka 7 6.31 
Aborigines 2 1.80 
Mainland 4 3.60 
Other 。 0.00 
Unknown 0.90 

there was no signifi cant difference in age , sex , 
and educational level within the case and control 
groups. There was no signifìcant di fference in the 
race ofthe population as well 

A total of J 11 cases of primary brain tumors 
and 235 controls were collected from a hospital
based case control study. After an assessment of 
exposure, we separated workers into three different 
group s according to the leve l of occupational 
ex posure to EMF. The three ex posure groups 
were “ non-exposure", '‘possible exposure", and 
“explicit-exposure六 The “explicit-exposure" group 
included factory engineers , mold designers, factory 
prod uction Jine operators (of founlain s and athJetic 
accessories), factory workers who use chainsaws, 
and production lin e engineers. The “ poss ible 
ex posure" g roup in cluded ironworkers, truck 
drivers , automobile technicians , taiJors , remodeling 

Control 
(N = 235) x2 p-value' 

n % 
3.395 。 181

29 12.34 
141 60.00 
65 27.66 

2.875 。 101
103 43.83 
132 56.17 

8.984 。 107
46 19.57 
72 30.64 
40 17.02 
44 18.72 
30 12.77 

0.42 
2 0.86 

6.286 0.396 
203 86.38 
15 6.38 

。 0.00 
14 5.96 

0.43 
2 0.85 

Data are presented as samples and percentage. The values are significantly different between case and control 
groups with p < 0.05 
• We used Chi-square test or Fisher's exact test for categorical data 
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Occupational exposure (0 EMF in relation to risks ofbrain cancer 

Table 2. Unadjusted odds ratios (ORs) and 95% confidence interval (95% CI) for the risk of occupational exposure 
to electromagnetic fields 

Cases Controls 
Exposure Level (N= 111) (N= 235) OR 95%CI 

n % n % 
Total number 

Explicit-exposure 9 8.1 1 7 2.98 3.04 1.09-8 .49* 
Possible-exposure 31 27.93 54 22.98 1.36 0.81-2.89 
Non-exposure 71 63.96 168 71 .49 1.00 
Uncertain 。 0.00 6 2.55 

Male n = 38 n = 103 
Expl icit-exposure 5 13.16 4 3.88 4.53 1.09-18.87* 
Possible-exposure 17 44.74 37 35.92 1.67 。 75-3 . 70
Non-exposure 16 42.10 58 56.32 1.00 
Uncerta in 。 0.00 4 3.88 

Female n = 73 n = 132 
Explicit-exposure 4 5.48 3 2.27 2.67 0.58-12.33 
Possible-exposure 14 19.1 8 17 12.88 1.65 0.76-3.59 
Non-exposure 55 75.34 110 83.33 1.00 
Uncertain 。 0.00 2 1.52 

Resu lts from unconditionallogistic regression analysis. The resu lts are presented as OR and 95% CI. 
*p < 0.05.a We used Chi-square test or Fisher's exact test for categorica l data . 

workers , hair designers, accountants , shoemakers, 
graphic designers , and computer information 
technicians in a sugarcane factory. Others such as 

homemakers , farmers , nurses , sludents, martia l 
arts instructors, servers, retailers , babysitters, soap 
manufacturers , and department store clerks were 
classitìed into the “ non-exposure" group. 

Tab le 2 summarizes univariate ana lysis of 
occupationa l exposure levels to EMF and brain 
tumors . Of the 111 brain tumor cases , 9 were 
cJassified as “ explicit-exposure to EM 肘， 31were 

categorized as “possible exposure to E恥1F，" and 
71 were categorized as “ non-exposure to EM F" 

Of the 235 control group cases, 7 were grouped as 
“explicit-exposure," 54 were “ possible exposure ," 
and 168 were “non-exposure." There were 6 cases 
wbere the leve l of EMF was uncertain. After 

ana lysis by univariate logistic regression , we used 
the “ non-exposure to EMF" group as a ref，巴 rence

and compared it with “possible exposure to EMF." 
The OR was 1.36 (95% CI: 0.8 1-2.89). When 

compared with the “explicit-exposure to EM F" 
group, the OR was 3.04 (95% CI : 1.09-8 .49), which 
is significan t. When we ana lyzed gender, we set 
the “ non-exposure to E恥1F" group as a reference. 

The OR value was 1.67 (95% Cl : 0.75-3.70) when 
compared w ith “ possible expos ure to EMF" and 
was 4.53 (95% Cl : 1.09 - 18 .87) with “explicit
exposure to EMF" for men. The OR value was 1.65 
(95% Cl: 0.76-3 .59) and 2.67 (95% CI: 0.58-12.33) 
for women, respectively 

As can be seen in Tab le 3 , when app lying 
multip le logist ic regression , after adjusting for age, 
gender, smoking, drinking and home environment 
(in or out of t he vicinity of power plants) , we 
found an OR of 1.09 (95% C I: 0 .56-2 .12) for 
“ possible exposure to EMF" and was 4.68 (95% 

CI: 1.50-14 .57) for “explicit-exposure to EMF" 
when compared with “ non-exposure to EMF" 的
a reference group. Tbe trend found in th is gender 
analysis was simi lar to the results of the univariate 
logistic regression analysis . When compar ing 

“ explic it-exposure to EMF" with “ non-exposure 

to EMF" 的 a reference group, the OR value was 
7.37 (95% CI: 1.36-40.03) for men and 2.42 (95% 
C I: 0.51-1 1.56) for women. In lhe comparison of 

“possible exposure to EMF" and “ non-exposure 

to EMF," the OR va lue for men was 1.69 (95% Cl: 
0.65-4.43) and 0.85 (95% CI. 0.29-2.41) for women 

Table 4 shows the results for pathological cell 
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Table 3, Adjusted odds ratios (ORs) and 95% confidence interval (95% CI) for brain tumors according to 
occupational exposure to electromagnetic fields 

Cases Controls 
Exposure Leve (N= 111) (N= 235) OR8 95%CI 

n % n % 
Total number 
Explicit-exposure 9 8, 11 7 2,98 4, 68 1,50-14 , 57* 
Possible-exposure 31 27 ,93 54 22 ,98 1,09 0, 56-2.12 
Non-exposure 71 63.96 168 71 .49 1.00 
Uncertain 。 0,00 6 2,55 

Male n = 38 n = 103 
Explicit-exposure 5 13, 16 4 3.88 7, 37 1,36-40 ,03* 
Possible-exposure 17 44, 73 37 35 ,92 1,69 0.65-4.43 
Non-exposure 16 42 , 11 58 56 ,32 1,00 
Uncertain 。 0,00 4 3,88 

Female n = 73 n = 132 
Explicit-exposure 4 5.48 3 2.27 2.42 0,51-11 , 56 
Possible-exposure 14 19, 18 17 12,88 0,85 0,29-2.41 
Non-exposure 55 75.34 110 83 ,33 1,00 
Uncertain 。 0,00 2 1,52 

Results from multiple unconditional logistic regression analysis , The results are presented as OR and 95% CL 
• Model also included age , gender, smoking , drinking , and home environment (such as in or out of the vicinity of 
power plants , and electronic towers) 
*p < 0.05 

types of brain tumors (including l11 en ing io l11as, 
pituitary adenomas, acoustic neurol11as, glio l11as 

and others) and es timate s for those grouped as 

“ po ss ible-e x po sure" and “ ex pl i c it- ex po su re " 

compared to those who have never been exposed to 

EMF. For g liomas with possible-exposure to EMF, 
the OR value was 6.22 (95% C I: 1. 51-25.73) but 

for other pathologica l cell types of brain tU l110rs 

the odds ratio was non-significant. The OR value 

for explicit-exposure to EMF wa s 7.39 (95% C I . 

1.91-28.54) in acoustic neurol11 as. For this exposure 

category, a句 ust l11 ent for potenti al confounders 

l11ade no l11aterial difference in the results 

Discussion 

In thi s hospital-based case-control study, we 

found that as a whole, an increase in occupational 

ex pos ure to EMF will incre ase the risk of 

Table 4. Crude Odds Ratios (ORs) and 95% confidence interval (95% CI) for brain tumors relative to occupational 
exposure to electromagnetic fields in different pathology types 

Meningioma Pituitary adenoma Acoustic neuroma Gliomaa Others' 
Exposure level Control Case OR Case OR Case OR Case OR Case OR 

(n = 229) (n = 44) (95% CI) (n = (4) (95% CI) (n = 21) (95% CI) (n = (0) (95% CI) (n = 19 ) 但5%CI )

Explicit- exposure 7 2 1.55 2.18 4 7.39 8.00 2.00 
(0.31-781 ) (025-19.35) (1.91-28.54)' (0.74-86.97) (0. 23- 17屆2 )

Possible- exposu用 54 11 1.10 2 0.57 4 0.96 6 6.22 6 1.56 
(0.52-2.34) (0.12-2.63) (0 .3日 3 日6) (1 .51-25.73)' (0.56-4.34) 

Non-exposure 168 31 1.00 11 1.00 13 1 . 0日 3 1.00 12 1.00 

Results from unconditionallogistic regression analysis. The results are presented as OR and 95% CI 
• Included astrocytoma 
• Included craniopharyngioma , trigeminal neuroma, and primary central nervous system Iymphoma 
加< 0.05 
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Occupational exposurc to EMF in relation 10 risks ofbrain cancer 

developing a brain tumo r. When the analyses 

were restricted to a histological type , the three 
EMF exposure levels (non-exposure , possible

exposure and explicit-exposure) showed a dose

response trend with brain tumors , particularly a 

significant association between acoustic neuromas 
and explicit-exposure as well as between gliomas 

and possible-exposure. Our finding of an increased 
risk for brain tumors corresponds with results 
from other studies on occupational cancer[叫

However, Johansen 's study, which did not stratify 
by histological type, found no such relationshipf2

0
1 

Nevertheless , separate analyses of brain 
tumors in men and women have found higher 

ORs in men when exposure was assessed by self

report. In contrast, a SEARCH study conducted in 
Germany[2JI , which c1 assified exposure according 

to job-titles, found that a significant increased risk 
for brain tumor development was associated with 
working in electrical occupations for women but 
not for men. We observed a higher risk among 

men who may have been exposed to a wide variety 

of agents , some of which may be very closely 
correlated with EMF exposure. 

Elevated risk estimates were found for acoustic 

neuroma and glioma when the analyses were 

stratified by histological type. The association 
between occupational exposure to E弘1F and 
meningioma or pituitary adenoma , in this study, 
was relatively weak (non-significant). The 
Nurses ' Health Study cohort suggests the risk for 
meningioma increases among women exposed to 
either endogenous or exogenous sex hormones[2月
Custer showed that some hormonal exposures may 
influence tumor biology in women who develop 

[231 menmgloma 

The strengths of our study need to be 
considered in relation to many previous studies 
Acoustic neuroma has recently received attention 

as possibly being related to cell phone use. The 

evidence for a link to cell phone use is somewhere 
between weak and negative[24[. Most of the studies 

reporting slight increases in risk found the effect in 

groups with the longest duration of use, typically 
at least 10 years before diagnosis[25.271. A SEARCH 

study conducted in Sweden by Rodvall et a l. [17
1 

which examined occupational exposure to EMF 

and brain tumors showed a slightly elevated risk 

for glioma. Another population-based case-control 

study conducted in Canada , which classified 

exposure according to average magnetic field 

exposure through blinded expert review (< 0.3 , 
0.3-0.6, and 2: 0.6 J.lT), found a signi有cant increased 
risk of glioblastoma multiforme[J5] Contrary to our 

fìndings , a population-based case-control study (414 
cases and 421 controls) in Australia observed no 

significant association in both low and high grade 
gliomas f281 . There are conflicting results regarding 
the biologic plausibility for a causal relationship 

between EMF and acoustic neuroma or glioma. 

Many laboratory studies indicate that EMF plays 

a role in cancer promotion with an effect on such 

things as signal transduction ‘ di fferentiation , 
growth , and cell-to-cell communication[291 

There are severallimitations ofthis study. First, 
our study lacks information on power frequency 

magnetic fields inside and outside the home. The 
occupational exposure to EMF should also include 

other surrounding exposures (exposure to mobile 
phone or electrical appliances) for each exposure 

category in that it would be more likely that the 

subjects true exposure was “ non-exposure plus 

otber sources", “ possible-exposure plus other 
sources" and “explicit-exposure plus other sources", 
respectively. The OR value for subjects holding a 
“possible-exposure" job was more stable. Perhaps 
magnetic 自elds encountered in “possible-exposure" 
jobs do not add enough to the background exposure 
to increase the risk if, in fact, magnetic fields do 
affect risk. The OR value for the category with the 
highest occupational exposure was unstable, given 

the small number of subjects in this group (5 cases 

and 4 controls for males, 4 cases and 3 controls for 

females) . This limits the interpretability of the OR 
value for the explicit-exposure category, though 
patients with metastatic brain tumors and angiomas 

were excluded from tbis s tudy, and hence the 

results can improve the validity. Second, this study 
did not include the exposure to organic solvents 
because it was impossible to find out the dosage 

of exposure to organic solvents and workers might 

not be able to identify the category of organic 

solvents. So the research did not compare the 
association between exposure to organic solvents 
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and occupational exposure to EMF in brain tumors 

The participants in this study may have been 

exposed to a w ide var iety of chemica ls such as 

so lvents, lead pesticides/ herbicides and petroleum 

products which have been 5hown to have an 

interactive effect with magnetic field exposuref301 

lnformation on these chemica l exposures was not 

avai lab le for our study, 50 tbeir potential effects 

were not considered. Finally, another li l1l itation 

was the small number of subjects in the category 

of “ expl ic it- exposure ," which resulted in wide 

confidence intervals particularly in the 5ubgroup 

ana lysis . The nU l1l bers were especially insuffìcient 

for l1leaningful analy5es of the spec的c pathological 

cell types 

1n conclusion , the results of thi s hospital

based ca5e-control study support the hypothesis 

that an increase in occupational exposure to 

EMF will increase the risk of developing a brain 

turnor, especially in males. Additionally, the 

occupationa l EMF exposure e levates the risk of 

acoustic neuroma and glioma. The results of this 

study support the poss ibi 1 ity that occupational 

EM F exposure plays a role in the etiology of brain 

tU l1lors 
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Original Article 

利用問卷調查職業暴露於電磁場與腦瘤及其組織病理型態

之相關性探討

黃全福1 龍嘉麒2.3 何健章M 楊金鋒2 李怡瑩2 廖勇相似
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目的:本研究旨在探討職業暴露到電磁場與腦瘤及其組織病理型態之間的相關性。

材料與方法:研究設計採以醫院為基礎的病例一對照研究法，於2004年9月至2005年2月募集中

山醫學大學附設醫院神經外科 111 位腦瘤病患(病例組)及235位與電磁場暴露無關之疾病 、非

腦痛之住院及門診患者(對照組) .分別進行問卷訪談(個人基本資料、個人/家族疾病史 、職

業暴露電磁場史 、抽菸習慣)。將所有受試者職業所可能暴露的電磁場分為三組:無暴露於電

磁場組、可能暴露於電磁場組、明確暴露於電磁場組，並以卡方檢定及耀吉斯迎歸進行資料分

析。

結果 : 在調整各項干擾因子後，發現男性明確暴露於電磁場者相較於無暴露於道，磁場者有顯著

增加罹患腦瘤的機率，其危險對比值為7.37 (95% CI: 1 .36-40.03) 。隨後，進一步依腦瘤的組織病

理型態進行分析，結果顯示明確暴露於電磁場者相較於1無暴露於電磁場者有顯著增加罹患膠質

瘤的機率，其危險對比值為7 . 39 (95% C I: 1.9 1-28.54) ;可能暴露於電磁場者相較於無暴露於電磁

場者有顯著增加權患聽神經瘤的機率 ， 其危險對比值為6. 22 (95% CI: 1. 5 1-25.73) 。

結論:利用問卷調查職業暴露於電磁場可能使腦瘤的危險性增加，特別是膠質瘤與聽神經瘤。

關鍵詞:腦瘤、 電磁場、職業暴露、病例對照研究
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