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Occupations with Exposure to Electromagnetic Fields: A Possible Risk
Factor for Alzheimer's Disease

Eugene Sobel,1 Zoreh Davanipour,2 Raimo Sulkava,3 Timo Erkinjuntti,4 Juhani Wikstrom,5

Victor W. Henderson,6 Galen Buckwalter,7 Joseph D. Bowman,8 and Pey-Jiuan Lee9

The authors present analyses of data from three independent clinical senes and controls indicating an
association between working in occupations with probable medium to high exposure to extremely low
frequency (<300 Hz) electromagnetic fields and sporadic Alzheimer's disease. Case-control analyses were
earned out using data from patients examined at the following locations: the Department of Neurology,
University of Helsinki, Helsinki, Finland, 1982-1985; the Koskela Hospital in Helsinki, 1977-1978; and the
University of Southern California site of the Alzheimer's Disease Research Center of Los Angeles and Orange
Counties, 1984-1993. The predominant occupations among medium (2-10 mG or >10 mG intermittently) to
high (>10 mG or > 100 mG intermittently) exposed cases were seamstress, dressmaker, and tailor. The results
appear to be independent of education, and the sex-combined odds ratios for the three series are quite
homogeneous 2 9, 3.1, and 3.0. The odds ratio for the three series analyzed together is 3.0 (p < 0.001), with
a 95% confidence interval of 1.6-5.4. The odds ratio for women is 3.8 (p < 0.001), with a 95% confidence
interval of 1 7-8.6. The most obvious, possibly etiologically relevant exposure is that of electromagnetic fields,
which may have biologic plausibility because they may adversely influence calcium homeostasis and/or
inappropnately activate immune system cells such as microglial cells, initiating events that result in neuronal
degeneration. Am J Epidemiol 1995;142:515-24.
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Alzheimer's disease is considered the fourth leading
cause of death in the United States (1). Most cases
occur after age 65 years (late onset) and are sporadic
as opposed to familial. The etiology of the brain le-
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sions associated with Alzheimer's disease appears to
be multifactorial (2). Genetic factors, factors related
to aging, and environmental factors are likely to
play important roles. In some individuals and families,
one or another factor may be the single cause of
Alzheimer's disease. In other individuals and families,
a combination of factors may be causative. The com-
ponents of brain damage found in Alzheimer's disease
include 1) neuronal loss, loss of synapses, cytoskeletal
alterations, and 2) the formation of neurofibrillary
tangles and neuritic plaques. Plaques are associated
with the deposition of /3-amyloid in a process that may
involve activated microglial cells and localized in-
flammatory reactions (2).

Work in numerous laboratories has indicated that
electromagnetic fields (EMFs) may be capable of
causing biologic responses that could be associated
with some of these processes in a causative manner
(see Discussion). We therefore decided to conduct an
epidemiologic study of sporadic Alzheimer's disease
and EMF-related occupations.

MATERIALS AND METHODS

Subjects

In this paper, we use the term familial Alzheimer's
disease to mean that the Alzheimer's disease subject
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has at least one first degree relative with Alzheimer's
disease, dementia, or memory loss. By sporadic
Alzheimer's disease, we mean that the subject does
not have familial Alzheimer's disease. When the in-
formation was available, we performed the analyses
using only sporadic Alzheimer's disease. We did this
because some forms of familial Alzheimer's disease
are presumably primarily genetic in nature and may
not require environmental exposures for expression.

Three case series separated by distance and/or time
are used in this study: 1) a Finnish case series (Finnish
series 1) with patients and controls examined at the
Department of Neurology, University of Helsinki, dur-
ing 1982-1985; 2) a second Finnish case series (Finn-
ish series 2) with patients and controls examined at the
Koskela Hospital in Helsinki during 1977-1978; and
3) patients and controls (recruited between 1984 and
1993) at the University of Southern California site of
the Alzheimer's Disease Research Center of Los An-
geles and Orange Counties. All data were collected
prior to any consideration or hypotheses that working
in occupations with EMF exposure might be a risk
factor for Alzheimer's disease. Table 1 summarizes
the Alzheimer's disease subtypes (sporadic/familial)
of the cases used in the analyses, types of controls, and
ascertainment period for each series.

Finnish series 1 consists of a total of 73 Alzheimer's
disease patients and 88 vascular dementia patients.
The diagnostic protocol for Alzheimer's disease
followed the criteria of the National Institute of Neu-
rologic and Communicative Disorders and Stroke-

Alzheimer's Disease and Related Disorders Associa-
tion (NINCDS-ADRDA) (3) and is described in
Erkinjuntti et al. (4-7). Agreement between the clin-
ical diagnoses and autopsy diagnoses is approximately
90 percent for both Alzheimer's disease and vascular
dementia patients in this series (6, 7). Next of kin were
questioned about first degree family members with
possible dementia. Whenever possible, this informa-
tion was followed up with clinical examinations or a
review of clinical records. Sporadic Alzheimer's dis-
ease cases are defined as those without a living first
degree relative in whom Alzheimer's disease could be
documented and without a deceased first degree rel-
ative in whom dementia could be documented. Spo-
radic vascular dementia cases are similarly defined.
There are 53 sporadic Alzheimer's disease cases and
70 sporadic vascular dementia cases. These cases
were used in the analyses.

Finnish series 2 is an older series, and the diagnoses
were made prior to the NINCDS-ADRDA criteria. All
subjects who were admitted in 1977 and 1978 to the
Koskela Hospital, an institution for geriatric patients
in Helsinki, and who were diagnosed as having
Alzheimer's disease were eligible for inclusion. The
criteria of Roth for the diagnosis of Alzheimer's dis-
ease were followed (8, 9). These criteria are similar to
the NINCDS-ADRDA criteria (3). Sulkava et al. (10)
reported 82 percent agreement between the clinical
diagnosis of Alzheimer's disease cases and the neuro-
pathologic diagnosis in a sample of cases. Controls
were selected from the long-stay internal medicine

TABLE 1. Description of the clinical serlts and controls and respective occupations associated wfth medium to high EMF*
exposure

Category

Cases

Controls

Ascertainment period

Medium to high EMF-exposed
occupations (no. of cases,
no. of controls)

Finnish series I t

Sporadic AD* (n = 53)

Sporadic vascular dementia
patients (n » 70)

1982-1985

Dressmaker (5, 1)
Electrical fitter (1,0)
Carpenter (0, 2)

Finnish series 2$

Sporadic and familial AD
( n ° 198)

Hospital controls essentially
without neurologic diseases,
including dementia
(n = 299)

1977-1978

Dressmaker/seamstress/tailor
(13,6)

Electrical fitter (1, 0)
Carpenter (4, 3)
Locomotive engineer (1, 0)
Telephone line/connector (0,1)

USC ADRC sertes§

Sporadic AD (n- 136)

Nondemented neurotogtcally
normal neighborhood
subjects (n= 106)

1982-1993

Dressmaker/seamstr ess/tailor
(5,1)

Carpenter (1, 1)
Electrician (1,0)
Electronics assembler (1,0)
Electrical engineer (1,1)
Electrical technician (1, 0)
Too) and dye maker (1, 0)

* EMF, electromagnetic field; AD, Alzheimer's disease.
t Department of Neurology, University of Helsinki, Helsinki, Finland, 1982-1985.
t Koskela Hospital, Helsinki, Finland, 1977-1978.
§ University of Southern California site of the Alzheimer's Disease Research Center of Los Angeles and Orange Counties, 1984-1993.
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wards at Koskela Hospital. Subjects with a diagnosis
of dementia, brain atrophy, psychosis, depression,
general or brain arteriosclerosis, parkinsonism, multi-
ple sclerosis, or mental retardation were excluded.
Using the alphabetic listing of all inpatients in 1978,
the first 299 inpatients who met the study criteria were
selected as controls. Specific occupations have not
been associated with a wide range of chronic diseases,
especially the more common ones. Thus, using con-
trols from a long-term care hospital is unlikely to
introduce much, if any, bias into the study. Sufficient
information could not be collected to determine the
familial/sporadic status of the cases. We therefore
have analyzed all cases and controls together in this
data set. Finnish series 2 has 198 Alzheimer's disease
cases and 299 controls. These subjects were used in
the analyses.

The University of Southern California Alzheimer's
Disease Research Center (ADRC) series was ascer-
tained between 1984 and 1993. All cases were diag-
nosed according to NINCDS-ADRDA criteria. The
agreement between clinical and autopsy diagnoses is
>98 percent (V. Henderson, personal communication,
1994). Nondemented, neurologically normal controls
are recruited primarily through outreach efforts within
the communities from which the cases came. Controls
are neuropsychologically examined each year and are
not demented. Sporadic cases and controls are defined
as those with no known history of dementia or mem-
ory problems among first degree relatives. Information
concerning first degree relatives was obtained from the
next of kin. The University of Southern California
ADRC series has 240 Alzheimer's disease cases and
143 controls, of which 136 and 106 are sporadic cases
and controls, respectively, which were used in the
analyses.

Occupational EMF exposure data

Occupational information was obtained by in-person
interview of the most knowledgeable surrogate for the
Alzheimer's disease and vascular dementia subjects
and by direct interview of the other (nondemented)
control subjects. The subject's primary lifetime occu-
pation was obtained. Space was provided on the ap-
propriate form for the interviewer to record the sub-
ject's primary occupation in the words used by the
surrogate or subject. Information about length of em-
ployment in an occupation was not collected often
enough to be used in the analyses. After review of the
actual information recorded on the data collection
forms, each occupation was blindly assessed for
its probable exposure to extremely low-frequency
magnetic fields by a certified industrial hygienist
(J. D. B.). The industrial hygienist had no knowledge

of any subject's case/control status when assessing the
occupational information. The 11 "electrical" occupa-
tions of Milham (11) were classified as having me-
dium or high exposure based on measurements taken
in a previous occupational study (12, 13). With the
exception of dressmakers, seamstresses, and tailors,
the other medium- to high-exposure occupations were
so classified based on published reports, analogy, and
the experience of the industrial hygienist. For exam-
ple, the magnetic field close to the handle of an elec-
tric drill can be as high as 5,000 mG (14).

Dressmakers, seamstresses, and tailors were judged
by the industrial hygienist to have been likely to have
had medium to high exposure based on their presumed
use of electrical equipment producing relatively strong
magnetic fields. Because the results of this study de-
pend heavily on this single occupational classification,
which had not previously been labeled an electrical
occupation (probably due to a lack of consideration of
these occupations), we confirmed the industrial hy-
gienist's opinion by direct measurement of magnetic
fields produced by four industrial and two home sew-
ing machines. Observations were taken at each oper-
ator's head, chest, and left and right hands, knees, and
feet. The average of these measurements, averaged
over all machines, was 19.3 mG. By contrast, in the
study of the 11 electrical occupations cited above
(12, 13), only electric power line/cable workers and
welders/flame cutters had full-shift average exposures
higher than dressmakers, seamstresses, and tailors:
23.6 and 19.5 mG, respectively.

The quantitative criteria for defining occupations
with high or medium exposure to magnetic fields were
as follows: A high exposure occupation has an average
exposure >10 mG or regular intermittent exposures
>100 mG. A medium exposure occupation has expo-
sures that average between 2 and 10 mG or are inter-
mittently >10 mG. All other occupations were classi-
fied as low exposure.

The specific occupations classified as having me-
dium to high EMF exposure are provided in table 1 by
case/control status within each clinical series. All
other occupations were classified as having low EMF
exposure either because they probably did not have
medium to high exposure or because there was not
sufficient information for the blinded industrial hy-
gienist to make an informed decision.

Educational and social class

Education has been identified as a probable risk
factor for dementia and for Alzheimer's disease, spe-
cifically in several (e.g., 15-17), but not all (18),
studies. It is therefore important to consider education
as a possible confounder variable. The number of
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years of education was available for subjects in Finn-
ish series 1 and the University of Southern California
ADRC series.

A governmental five-level social class indicator
variable based on occupation was available for Finn-
ish series 2 (19). The lowest class consists of those
with no occupation. The next lowest class consists
of unskilled workers. The middle class consists of
skilled workers (including dressmakers, seamstresses
and tailors, and lower office personnel). The second
highest class consists of tradesmen, foremen, upper
office personnel, etc. The highest class consists of
persons in leading positions in society (including
physicians and teachers). Homemakers are classified
according to the occupation of their spouse. These
data were used to investigate the possible confound-
ing effect of education on the association between
occupations with EMF exposure and Alzheimer's
disease in the Finnish series 2 data. Because they
are based on occupation, the social class indicator
and education are clearly correlated.

Possible confounding variables

In addition to education/social class, age at onset,
age at examination, and sex are possible confounding
variables. Age at onset is available for cases and for
the vascular dementia controls in Finnish series 1. Age
at examination and sex are available for all cases and
controls in each series.

Statistical methods

For Finnish series 1, analyses were performed using
sporadic Alzheimer's disease patients as cases and
sporadic vascular dementia patients as controls. For
Finnish series 2, all cases and all controls were used
for analysis because no family histories were avail-
able. For the University of Southern California ADRC
series, sporadic cases and controls were used for anal-
yses. For each clinical series, the analyses were per-
formed for women and men combined and then re-
peated for women and men separately. Because the
results were consistent across databases for the sex-
combined and female only analyses, we then com-
bined the three databases and repeated the analyses.

In the initial set of analyses, educational attainment/
social class was not used. In a forward inclusion,
stepwise logistic regression model of disease risk,
neither age nor sex was significant at the 0.10 signif-
icance level for any individual database or the com-
bined database, except for the sex-combined analyses
in the University of Southern California ADRC series,
where the p value for age at examination was 0.097.
Therefore, we did not consider age or sex as confound-

ing variables, and we did not adjust for age or sex.
Thus, we used the cross-product ratio to estimate the
odds ratio. (The cross-product ratio and logistic re-
gression without covariates procedures produce the
same estimate.) We used Fisher's exact test for signif-
icance of the odds ratio estimate. Logistic regression
was used for estimation of the 95 percent confidence
intervals. Finally, the Mantel-Haenszel stratified odds
ratio for the combined series produced essentially the
same odds ratios as the cross-product ratio (20). Con-
sequently, stratification was not necessary.

In a second set of analyses, we investigated the
effect of education/social class on the association be-
tween occupations with medium to high EMF expo-
sure and Alzheimer's disease by examining the odds
ratios for occupations with medium/high EMF expo-
sure with the education-social class variable forced
into a logistic regression model. Age at onset or age at
examination, as appropriate, was allowed to enter the
model in all analyses if the associated p value was
<0.2. Sex was similarly allowed to enter models for
analyses using all subjects.

RESULTS

Finnish series 1. The sporadic Alzheimer's disease
and vascular dementia cases have similar distributions
for sex, age at examination, and duration of cognitive
impairment (table 2). There are six (11.5 percent)
cases and three (4.3 percent) controls whose primary
occupation was classified as probably having had me-
dium to high EMF exposure (table 2). The estimated
odds ratio for occupations with probable medium to
high EMF exposure is 2.9, 95 percent confidence
interval (CI) 0.7-12.2, p = 0.17 for all sporadic cases
and controls (table 3). Among women, the estimated
odds ratio is 7.3, 95 percent CI 0.8-11.1, p = 0.08.
Among men, the odds ratio estimate is 0.7, 95 percent
Q 0.1-8.9, p = 1.0.

Finnish series 2. The age and sex distributions are
essentially the same for the cases and controls. There
are 19 (9.6 percent) cases and 10 (3.3 percent) controls
with probable medium to high EMF-exposed occupa-
tions (table 2). The estimated odds ratios for occupa-
tions with probable medium to high EMF exposure are
3.1, 95 percent CI 0.7-8.9, p < 0.006 for all cases and
controls, and 3.3, 95 percent CI 1.2-9.1, p < 0.03, for
female cases and controls (table 3). For men the odds
ratio is 2.5, 95 percent CI 0.7-8.9, p = 0.24.

University of Southern California ADRC series.
Age at examination was quite similar for cases and
controls. There are 11 (8.1 percent) cases and three
(2.8 percent) controls with probable medium to high
EMF-exposed occupations (table 2). The estimated
odds ratio is 3.0, 95 percent CI 0.8-11.1, p = 0.10, for

Am J Epidemiol Vol. 142, No. 5, 1995
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TABLE 2. Descriptive statistics for sporadic AD* cases and
controls (for Finnish series 1t and USC ADRC series^) and
AD cases and controls (for Finnish series 2§)

Attribute AD cases

Finnish series 1

Sex(%)
Male
Female

Age at examination (years)
Mean (SD»)
Range

Duration of cognitive
Impairment (years)

Mean(SD)
Range
Missing

Education (%)
0-5th grade
6th grade
7-11th grade
12th grade
>12th grade
Missing

Occupational EMF* exposure
(%)

Medium to high
Low
Missing

A/ = 53

16 (30.2)
37 (69.8)

71.6(10.6)
50-96

2.3 (1 3)
0.4-6.8
1

4 (9.5)
24(57 1)

8(19.0)
1(2 4)
5(11.9)

11 (NA*)

6 (11.5)
46 (88.5)

1 (NA)

Finnish series 2

Sex(%)
Male
Female

Age at examination (years)
Mean (SD)
Range

Social class (%)
4-6 (lowest)
3
2
1 (highest)
MlecJn/i
MloSiny

Occupational EMF exposure
(%)

Medium to high
Low
Missing

Table continues

N »198

50 (25.3)
148(74.7)

79 3 (6.4)
65-93

50 (25.6)
66(33 8)
47(24.1)
32 (16.4)

Q /k 1 A \

3 (NA)

19(9 6)
179(90 4)

0(NA)

Controls

A/ = 70

22(31.4)
48 (68.6)

73 6 (9.4)
50-91

1.6(1.1)
0.1-5 9
0

7(11 1)
39 (61.9)

9 (14.3)
3 (4.8)
5(7.9)
7(NA)

3 (4.3)
67 (95.7)

0(NA)

A/ = 299

66(22.1)
233 (77.9)

79.1 (8.1)
49-98

82 (27.4)
102(34.1)
69(23.1)
46(15.4)

0 (NA)

10(3 3)
OQQ /QC T\
c.O<3 \p\J.I)

0(NA)

TABLE 2. Continued

Attribute AD cases

USC ADRC series

Sex(%)
Male
Female

Age at examination (years)
Mean (SD)
Range
Missing

Duration of cognitive
Impairment (years)

Mean (SD)
Range
Missing

Education (%)
0-5th grade
6th grade
7-11th grade
12th grade
>12th grade
Missing

Occupational EMF exposure
(%)

Medium to high
Low
Missing

Kl — 1 *3R
IV = IOD

47 (34.6)
89(65 4)

74 4 (8.4)
46-91
2

5.9 (3.6)
<1-17
7

3 (2.4)
5 (4.0)

27(21.8)
37 (29.8)
52 (41 9)
12 (NA)

11 (8.1)
125(91.9)

0(NA)

Combined series

Sex(%)
Male
Female

Age at examination (years)
Mean (SD)
Range
Missing

Occupational EMF exposure
(%)

Medium to high
Low
Missing

* AD, Alzheimer's disease; :

N=387

113(29 2)
274 (70 8)

76.6 (8.4)
46-96
2

36(9 3)
350 (90.7)

1 (NA)

SD, standard (
applicable, EMF, electromagnetic field.

t Department of Neurology, University of

Controls

M — irvn
/V = lUO

47 (44.3)
59(55.7)

76 4 (9.6)
38-103
0

NA
NA
NA

0 (0.0)
1 (1.0)

11 (10.9)
16(15.8)
73 (72.3)
5(NA)

3 (2.8)
103(97 2)

0(NA)

N = 475

135(28 4)
340(71.6)

77.7 (8.9)
38-103
0

16(3.4)
459 (96.6)

0(NA)

deviation; NA, not

Helsinki, Helsinki,
Finland, 1982-1985. Controls are vascular dementia patients.

t University of Southern California site of the Alzheimer's
Disease Research Center of La
1984-1993.

i Angeles and Orange Counties,

§ Koskela Hospital, Helsinki, Finland, 1977-1978

all sporadic cases (table 3). (There were more female
controls than female cases, 65.4 percent vs. 55.7 per-
cent. However, in a logistic regression with sex and
age included in the model, the odds ratio for high/
medium occupation exposure was 3.1, essentially

identical to the estimate without age and sex in the
model.) Among women, the estimated odds ratio is
4.2, 95 percent CI 0.5-35.8, p = 0.24 (table 3).
Among men, the estimated odds ratio is 2.7, 95 per-
cent Q 0.5-13.9, p > 0.4.

Series-combined analyses. For the combined data

Am J Epidemiol Vol. 142, No. 5, 1995
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set, the descriptive statistics are also provided in table
2. The rates of probable medium/high occupational
EMF exposure are 9.3 percent for the combined cases
and 3.4 percent for the combined controls. Among
women, the rates are 8.4 percent and 2.4 percent,
respectively. The estimated odds ratio for all cases/
controls is 3.0 (p < 0.001), with a 95 percent CI of
1.6-5.4. Among women, the estimated odds ratio is
3.8 (p < 0.001), with a 95 percent CI of 1.7-8.6 (table
3). For men, the odds ratio is 2.1, p = 0.17, based on
112 cases (13 with probable medium/high exposure)
and 135 controls (eight with probable medium/high
exposure). The 95 percent CI is 0.8-5.2.

We also calculated odds ratios adjusted for educa-
tion/social class. The best divisions in terms of balance
and importance of education as a risk factor in the
logistic regressions were used in the analyses. For
example, for Finnish series 1, there were very few
subjects with educational attainment <6th grade and
very few with a >12th grade education. We therefore
used the dichotomy £6th grade versus >6th grade: 70
versus 30 percent.

Table 2 provides the breakdown of education and
social class by case/control status. The controls in
Finnish series 1 have a slightly lower educational
attainment than the cases. This is reversed in the
University of Southern California ADRC series. The
social class distributions in Finnish series 2 are nearly
identical. Table 3 also provides the results of the
logistic regression analyses with both education and
occupation forced in the model. Age at onset, age at
examination, and sex were allowed in the model if
their associated p value was <0.2. In these analyses,
the odds ratio estimates for probable medium to high
EMF-exposed occupations are quite similar to the
unadjusted odds ratios, as are the 95 percent confi-
dence intervals and associated p values.

DISCUSSION

The inclusion of education in the analyses did not
materially affect the analytic results. Consequently,
the results appear to be independent of educational
attainment. We therefore use the simple cross-product
odds ratio estimates below in our discussion.

The results of this study suggest that some expo-
sure^) in occupations with medium to high EMF
exposure are associated with the etiology of sporadic
Alzheimer's disease: The estimated odds ratio of 3.0
for the combined series has a narrow 95 percent CI of
1.6-5.4 and a p value <0.001. The estimated odds
ratio for women is 3.8, with a slightly wider 95 percent
Q of 1.7-8.6 and a p value also <0.001. For men,
however, the estimated odds ratio, 2.1, is not signifi-
cant (p = 0.17). The 95 percent CI is 0.8-5.2. The

consistency of the odds ratios for the sex-combined
and female analyses is not present for the male anal-
yses (table 3). For men, the odds ratio for the Finnish
series 1 is 0.7, while for the other two series the odds
ratios are 2.5 and 2.7. However, there were only 15
cases and 22 controls in this series.

The results are heavily dependent on the professions
of dressmaker, tailor, and seamstress, which comprise
21 of the 23 exposed female cases, all eight exposed
female controls, two of the 13 exposed male cases, and
none of the eight exposed male controls. Conceivably,
an exposure other than EMF that is related to the use
of sewing machines and to some of the other EMF-
exposed, primarily male, occupations could account
for the elevated odds ratios. Some seamstresses, dress-
makers, and tailors may have worked in dry cleaning
establishments in the United States, where they could
have been exposed to solvents such as perchloroeth-
ylene. However, we have found no studies indicating
that such solvents may be risk factors for Alzheimer's
disease or dementia. In addition, clothing repair does
not occur at the few drycleaning establishments in
Finland. The elevated odds ratio for men engaged in
occupations with probable EMF exposure, albeit not
statistically significant, also argues somewhat against
this idea. The cases with occupations classified as
probably having had medium to high EMF exposure
had ample opportunity to use electrical equipment. For
example, the dressmakers, seamstresses, and tailors
probably used electrical sewing machines for many
years. First, each of the three clinical series were
derived from subjects living in a city. Second, their
ages at the end of World War II ranged from 19 years
to a maximum of 50 years. The older cases had
onset after age 65. They therefore had a minimum of
15 years of work experience prior to retirement.
Third, seamstresses, dressmakers, and tailors are likely
to continue using sewing machines at home after
retirement.

Both women and men may have had significant
occupational EMF exposure not identified through job
descriptions, some of which were not very informa-
tive. For example, a "factory worker," "secretary,"
"housewife," or "homemaker" may or may not have
frequently used electrical equipment. In addition, both
women and men may have had significant nonoccu-
pational exposures through hobbies. Many women
sew at home as part of their homemaking responsibil-
ities. We counted housewife/homemaker as a low ex-
posure occupation because we had no information
about home sewing. However, home sewing machines
produce significant magnetic field exposures. In addi-
tion, several other home appliances, e.g., hair dryers,
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electric clocks, electric blankets, and some kitchen
equipment such as electric mixers, produce signifi-
cant magnetic field exposures up to 103—10 mG
(21, 22).

Surrogate respondents were used for cases and for
the vascular dementia controls in Finnish series 1. As
discussed above, vague descriptions, e.g., "factory
worker," led to classification in the low EMF category.
Because this lack of detail happened at least as often
for cases as for controls, the estimated odds ratios may
be somewhat biased downward toward 1.

We are unaware of any other study that has investi-
gated occupations with EMF exposure and Alzheimer's
disease. The results of our study are not due to "mul-
tiple comparisons." We analyzed Finnish series 1 for
only three exposures chosen on substantive grounds
before any analyses were performed. Finnish series 2
and the University of Southern California ADRC se-
ries were analyzed, only for probable EMF-exposed
occupations, after the results for Finnish series 1 were
found. The most likely candidate for the putative ex-
posure related to the occurrence of Alzheimer's dis-
ease is therefore electromagnetic fields generated by
electrical equipment used in occupations.

There are substantive reasons to suspect that EMF
may play a role in the etiology of Alzheimer's disease.
Calcium ions may play an important role in the devel-
opment of Alzheimer's disease. An inability of neu-
rons to maintain calcium ion homeostasis can lead to
cell death (23, 24). Ca2+/calmodulin-dependent pro-
tein kinase has been reported to act on the tau protein
to induce abnormalities associated with paired helical
filaments (25), which are formed primarily from ab-
normal aggregations of tau proteins and are an impor-
tant component of the tangles that are nearly always
present in the brains of individuals with Alzheimer's
disease.

Alzheimer's disease may be, at least in part, an
autoimmune disorder, perhaps initiated by chronic in-
flammatory processes. Alzheimer's disease plaques
have been found to contain monocytes and macro-
phages, which contribute to inflammatory responses.
McGeer and colleagues have suggested that microglial
cells, in addition to eliminating dead or disabled neu-
rons, may secrete activated complement proteins that,
when activated, can kill normal neurons (26). Addi-
tionally, activated microglial cells secrete other neu-
rotoxins, including excitatory amino acids (27) and
nitric oxide (28).

Exposure to electromagnetic fields may affect the
human immune system and appears to affect calcium
ion flux and neuronal biochemistry. Over the past
decade, research has generally indicated that exposure
to low levels of extremely low-frequency EMF 1) can

elicit cellular biochemical changes in vitro (perhaps
through Ca2+-regulated activity); 2) might affect im-
mune system function in vivo, either positively or
negatively; 3) can cause neural and neuroendocrine
system effects in vivo; and 4) can alter DNA transcrip-
tion (29-36). EMF effects on immune responses to
mitogen and antigen have been directly identified in
vivo (33). Evidence has accumulated that EMF can
alter Ca + regulation, homeostasis, or membrane-
mediated Ca2+ signaling processes in immune system
cells and neurons (29-31, 37-43). Similar responses
have been documented in the neuroendocrine and
musculoskeletal systems (29). EMF has been reported
to affect biologic reactions regulated by Ca /cal-
modulin (43, 44), although the evidence is mixed (45).
In addition, there is evidence that exposure to alter-
nating current and direct current magnetic fields
tuned to the third harmonic for calcium ion cyclo-
tron resonance adversely affects the performance of
rats in a radial arm maze (46, 47). However, these
findings have not been replicated in all attempts
(e.g., 31).

EMF exposure may therefore ultimately be impli-
cated in neuronal degeneration. This, in turn, may
have important implications with respect to the etiol-
ogy of Alzheimer's disease.

Breitner et al. (48) have found that use of antiin-
flammatory medications appears to be protective
against Alzheimer's disease onset or progression. We
have also found similar results using the Finnish series
1 data set (49). As a working hypothesis, we suggest
that EMF exposure may result in the initiation of an
inflammatory process that may in part be responsible
for creating a cascade of pathologic processes result-
ing in selective neuronal cell death. An inflammatory
process may result, for example, from various parts of
the body receiving high levels of EMF exposure, thus
activating microglial or other cells that migrate to the
brain and initiate attacks on selected neurons. Alter-
natively, an inflammatory process may result from
direct brain tissue exposure to EMF, which disrupts
calcium ion homeostasis causing neuronal damage
or death. Once initiated, the pathologic process
need not require additional EMF exposure for its
continuation.

To confirm our findings, larger case-control or his-
torical prospective studies should be undertaken that
1) use population-based cases and matched controls,
2) obtain detailed lifetime occupational histories, 3)
estimate occupational and residential lifetime EMF
exposures by combining present-day exposure mea-
surements and interview information about past ex-
posures (12, 13), and 4) take into consideration con-
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comitant exposures and conditions that may be
confounders.
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