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Objectives The purpose of the present report was to assess whether occupational magnetic field exposure is
a risk factor for dementia, in particular for Alzheimer's disease.
Methods Case-control analyses were applied to 77 dementia cases, 55 of whom had Alzheimer's disease,
ascertained from the population-based Swedish twin register. Two reference groups were derived, with 228
and 238 persons, respectively. Occupations were linked to a job-exposure matrix based on magnetic field
measurements. Primary occupation, last occupation before reference date, and the occupation with the highest
magnetic field exposure during the subject's lifetime were evaluated.
Results For primary occupation, all relative risk estimates were close to unity. For last occupation, at the
exposure level 2 0.2 KT, a relative risk was found for dementia estimated at 3.3 [95% confidence interval (95%
CI) 1.3-8.61 and 3.8 (95% CI 1.4-10.2) for reference groups 1 and 2, respectively. The relative risk for
Alzheimer's disease was estimated at 2.4 (95% CI 0.8-6.9) and 2.7 (95% CI 0.9-7.8), respectively. For the
occupation with the highest magnetic field exposure, the relative risk estimates were close to unity for reference
group 1 and slightly elevated for reference group 2. The relative risk estimates were greater for the subjects who
were younger at onset (275 years).
C O ~ C ~ U S These
~ O ~ Sresults only partially support previous findings, but they indicate that occupational
magnetic field exposure may possibly influence the development of dementia.
Key terms Alzheimer's disease, case-control study, electromagnetic fields, vascular dementia.

Most researchers agree that Alzheimer's disease has a multifactorial etiology, with influences by multiple genes and multiple environmental agents (1). Risk factors can be summarized in terms of family history and genetic effects, medical
history, and environmental exposures, with some risk factors clearly able to be cross-categorized. One of the earliest
reposted risk factors was positive family history (2), an indicator of possible genetic risk. These easly findings have not
only been supported by linkage to a number of loci in families with early onset Alzheimer's disease (3-5), but also by
case-referent studies of late onset cases (6,7) and twin studies assessing the relative importance of genetic and environmental effects for liability to the disease (8-10). In addition, genetic association studies suggest that some nonlinked
loci may also increase susceptibility to Alzheimer's disease
(1 1, 12) in persons of advanced age. Nevertheless, the genes
thus far identified through linkage analyses explain a very
small proportion of all cases of Alzheimer's disease (13).

Among the medical factors suggested to be important for
Alzheimer's disease are hypothyroidism (14), past history of
depression (15), immune system disorders, and infectious
agents (16). There is some evidence that the consumption of
nonsteroidal antiinflammatory drugs (17) and estrogen
replacement therapy may be protective for Alzheimer's
disease (18). Among other factors evaluated, low educational
attainment (19), blue-collar occupation, and head trauma with
loss of consciousness (20) have received the most consistent
empirical support as potential risk factors. There is growing
suppoa for a threshold model of dementia, in which multiple
risk factors contribute to a lessening of cerebral reserve.
Once a threshold of pathology is reached, dementia is
manifest (21).
More recently, occupational exposure to extremely lowfrequency magnetic fields has been identified as a potential
risk factor for Alzheimer's disease (22,23). Case-referent
analyses of 4 study populations, 2 in Finland and 2 in Cali-
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fornia, suggest that workers in occupations with magnetic
field exposure estimated to average 0.2-1.0 pT or intermittently above 1.0 pT had an elevated risk of Alzheimer's disease. Involvement in calcium ion flux, influence on DNA (deoxyribonucleic acid) transcription, and effects on immune
system function were presented as possible mechanisms
though which exposure to magnetic fields affects pathogenesis resulting in Alzheimer's disease. These studies have
some methodological limitations. They were not populationbased, and the referents were either cases with vascular dementia, dementia other than Alzheimer's disease or vascular
dementia or they were neighborhood subjects. The exposure
assessment was based on expert evaluation of the magnetic
field exposure for the subjects' primary lifetime occupation.
Furthermore,the results were dependent on relatively few occupational categories (eg, dressmaker, seamstress, and tailor). Finally, risk at varying ages of onset was not estimated.
Although intriguing, the question has not been studied in
other populations.
The purpose of the present study was to assess whether
occupational exposure to magnetic fields is a risk factor for
dementia in general, and Alzheimer's disease in particular.
Data were taken from a population-based twin study of
dementia, the Study of Dementia in Swedish Twins (8). Cases
and 2 samples of referents were analyzed to determine the
risk of occupational magnetic field exposure. The study
offers several advantages when compared with previous
studies. Occupational histories were obtained from detailed
structured interviews allowing an evaluation of both primary
and last occupation, exposure assessment was based on
magnetic field measurements, and risk could be determined
as a function of age of onset.

Subjects and methods
Subjects
The cases and referents in the present report were taken from
the Study of Dementia in Swedish Twins (8), which in turn
was based on a subsample of the Swedish AdoptionITwin
Study of Aging (SATSA), a register-based sample of twins
(24). These studies have been described in detail previously,
and therefore only a brief description is given in this report.
SATSA includes all 961 pairs from the twin register who indicated having been reared apart and a sample of 961 pairs
who were reared together, drawn from the twin register
matched to the reared apart twins with regard to gender, year
of birth, and county of birth. Members of the SATSA panel
have been surveyed every 3 years, while a subset of complete pairs aged 50 years and older has participated in inperson cognitive and health assessments on a 3-year rolling
schedule (8,24). All members of SATSA born in 1935 or
earlier and alive in 1987 were screened for dementia during
1989-1991, using either the Mini-Mental State Examination

(MMSE (25) from the most recent wave of in-person testing
when available or a telephone screening protocol incorporating a mental status test (26). The response rate was 81%;
persons who declined to be screened were excluded from
both the case and reference samples. Persons who screened
positively were given a complete clinical workup, including
physical and neurological evaluation,neuropsychological assessment, laboratory tests, and neuroimaging (27). Diagnoses
were assigned at a multidisciplinary consensus conference,
following DSM-111-R criteria for dementia (28) and
NINCDSIADRDA crite~iafor Alzheimer's disease (29). Date
of onset was determined by asking the informant the age at
which ineversible change first became clearly apparent and
by cross-checking medical records. From an initial sample
of 1978 subjects, 173 screened positively, resulting in a total
of 75 cases (38 probable cases of Alzheimer's disease, 11
possible cases of Alzheimer's disease, 12 cases of vascular
dementia, and 14 cases of mixed or other dementia diagnoses). All the subjects who participated in the clinical
workups, regardless of subsequent diagnosis in 19891991, were followed longitudinally every 18 months using
the same test battely as in the original clinical workup. The
remainder of the SATSA panel has been followed evely third
year, as has already been described. These 2 forms of longitudinal follow-up have yielded an additional 14 cases of
probable Alzheimer's disease, 2 possible cases of Alzheimer's disease, 2 cases of vascular dementia, and 2 cases of
other types of dementia. If both rnembers of a pair were demented, 1 was randomly selected to be included in the analyses. This procedure led to 77 dementia cases, 55 of whom
had Alzheimer's disease. Both probable and possible cases
of Alzheimer's disease were included. (Clinical workups of
those who screened negative found only 1 to be demented.
Longitudinal follow-up and rescreening with MMSE provides additional protection against the misclassification of
cases and referents.)
The referents were obtained from in-person testing of
participants in SATSA who were born in 1935 or earlier. To
qualify as a referent, the person's MMSE score though the
third wave of in-person testing (performed in 1992-1994)
had to indicate that the individual was intact. To maintain the
independence of all the observations, 2 reference groups
were fonned, allowing only 1 member of a twin pair in each
group; if both members of a pair were eligible for the
reference group, 1 was chosen randomly for 1 reference
group and the 2nd was assigned to the other group. Due to
death or refusal, not all pairs eligible as referents were
complete, and therefore the number of referents differed in
the 2 groups. One reference group included 197 persons, and
the other had 21 1 persons. Furthermore, unaffected twin partners of demented cases were not included in the reference
groups, which were supplemented, one by 31 persons and
the other by 27 persons, from the OCTO-twin study (30), to
increase the number of older subjects. The OCTO-twin study
includes all twins in the Swedish twin register in which both
Scand J Work Environ Health 1998, vol24, no 1
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members of the pair were alive in 1992 and born 1913 or
earlier. The referents from the OCTO-twin study were
screened for cognitive impairment with protocols for clinical
workup and diagnosis analogous to SATSA and determined
to be intact. Because the OCTO-twin study and SATSA
represent different subsamples of the twin register, analyses
were repeated excluding the OCTO-twin referents.
Table 1 provides some descriptive information for the
cases and referents. The majority of the cases, 71.4%, had
Alzheimer's disease, and the 2nd largest group had vascular
dementia (15.6%). Around 10% had other types of dementia
(eg, dementia secondary to Parkinson's disease or to
hydrocephalus), and for 2 cases the type of dementia could
not be established. The cases were born an average of
approximately 10 years earlier than the referents. The average
age of onset for the cases was almost the same as the average
age of examination for the referents.

Exposure assessment
As part of the testing procedure for both the cases and the
referents, there was an extensive, structured interview for the
assessment of occupational histo~yand exposure to potential

Table 1. Descriptive characteristics for cases of dementia and the
two reference groups.
Attribute

Cases
(N = 77)

Reference
group 1
(N = 228)

N

N

%

%

Reference
group 2
(N = 238)
N

%

Alzheimer's
Vascular dementia
Other dementias
Dementia not otherwise
specified
Gender
Male
Female
Birth year
Mean
Median
Age at onset or
examination
Mean
Median
Gainfully employed
Men
Women
Number with measured
magnetic fields
Primary occupation
Last occupation
Years in primary occupation
Mean
Median
Years in last occupation
Mean
Median
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risk factors. An informant (most often spouse or adult offspring) was interviewed to provide information for demented
cases. Job title, description of duties, place of employment,
and years of employment were recorded for each occupation.
A file was then created containing all occupations found in
the sample. Each occupation was assigned a code based on
the Nordic version of the International Standard Classification of Occupation (ISCO) manual (3 1,32) by 2 independent coders. When different codes were assigned by the 2 coders, the decisions were reviewed and a consensus agreement
was reached.
Each subject's primary occupation was defined as the
occupation held the greatest number of years. The last
occupation in the person's worklife was also identified, as
well as the occupation with the highest magnetic field
exposure.
The proportion of gainfully employed did not differ
between the cases and referents among the men, but was
lower among the women in the case group than among the
female referents (table 1). For both the cases and referents,
around 75% of the gainfully employed had occupations for
which magnetic field measurements had been performed. The
cases and referents had worked approximately the same
amount of time in their primary occupation, as well as in their
last occupation. About 33% of the cases had changed
occupation between their primary and last occupation. The
corresponding figure for the 1st reference group was 3696,
and for the 2nd reference group it was 3 1%.
Information about the magnetic field exposure for each
occupation was obtained from a previous case-referent study
(33) in which workday measurements of magnetic fields were
collected for a large number of occupations held by a sample
of the general male population. A job exposure matrix was
elaborated from the measurement data (34), and the file with
ISCO codes was linked to this matrix. In the present study,
the magnetic field level in microteslas for each occupation
corresponds to the geometric mean of the arithmetic means
of the workday measurements.
The measured exposures for the subjects' primary occupation, last occupation, and occupation with highest exposure
were used in the analyses. Three levels of exposure were selected a priori, with cutoff points at the 1st and 3rd quastiles
of the magnetic field distribution for primary and last occupation in the 2 reference groups combined. These cutoffs correspond to magnetic field values of 0.11 yT and 0.19 yT.
Only the subjects having an occupational history were included in the analyses. Thus groups such as housewives and
students were excluded.
In addition, an expert judgment based on the job description was carried out for all occupations and classified with
respect to magnetic field level into 6 exposure categories. The
rating was made without knowledge of a subject's case or
reference status. The estimates of the exposure were used in
a series of analyses where missing measured exposures were
replaced by the ratings.
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Statistical methods
The association between exposure and disease was estimated
through the odds ratio. Random variability was assessed by
95% confidence intervals (95% CI). All the analyses were
adjusted for age, gender, and education, and they were performed with a logistic regression model (35). Age was dichotomized with median age at onset as the cutoff point (175,
> 75 years). Analyses were also done with a more-detailed
classification of age. Education was categorized into elementary school and more than elementary school. An analysis
adjusting for birth cohort was also performed, using the categories before 1910, 1911-1920, 1921 or later.
An attempt was made to perform co-twin reference
analyses, in which the healthy twin partner was used as a
matched referent for the demented twin in a conditional
logistic regression. This approach provides a means to
control for genetic and early environmenlal influences on the
disease risk. However, the number of disease discordant
pairs who were also discordant with respect to exposure were
too few (2 pairs) to provide meaningful results.

Results
Table 2 presents the odds ratios for all types of dementia
combined. For primary occupation, all the odds ratios were
close to unity. For last occupation, when reference group 1
was used, the odds ratio for dementia was slightly increased
in the intermediate exposure category and increased about 3fold in the highest exposure category. With the use of

reference group 2, the odds ratio in the intermediate category
was close to unity, whereas the risk was increased to be
almost 4-fold in the highest exposure categoly.The analyses
of higher exposure levels yielded higher, but less precise,
odds ratios. With 0.5 pT as the cutpoint, the odds ratio was
estimated to be 5.4 (95% CI 1.2-25.0) when reference
group 1 was used and 13.1 (95% CI 2.1-83.1) when
reference group 2 was used. Only 2 cases and 1 subject from
each reference group had magnetic field levels above 1 pT,
For the occupation with the highest magnetic field exposure,
all the odds ratios were close to unity, except for the highest
exposure category when reference group 2 was used. In this
case, the odds ratio was elevated but imprecise. Control of
confounding from age with a more-detailed classification did
not change the effect estimates, but it did yield somewhat
wider confidence intervals.
Table 3 shows the coiresponding results for Alzheimer's
disease alone. The results were similar to the results for all
dementia combined, but the odds ratios in the highest exposure category for last occupation were slightly lower than for
all dementia, and less precise. For exposures of 20.5 pT, the
odds ratio was estimated to be 4.1 (95% CI 0.7-23.5) when
reference group 1 was used and 8.3 (95% CI 1.1-62.7)
when reference group 2 was used.
The results of the age-specific analyses for last occupation are presented in table 4. Splitting the material into 2 age
groups limited the number of cases in each analysis, but the
results indicated that the association was stronger for the subjects with a younger age at onset. In the highest exposure
category for subjects 1 7 5 years of age at onset or at the time
of the examination, the odds ratio for all dementia combined

Table 2. Dementia risk estimates and 95% confidence intervals (95%CI) by levels of measured occupational magnetic field exposure adjusted for age, gender, and education. (OR = odds ratio)
Level of
exposure
(PT)
Reference
group 1
Reference
group 2

< 0.12
0.1 2-0.1 9
2 0.2
< 0.12
0.1 2-0.1 9
2 0.2

Primary occupation
Cases Referents

I1
16
14
11
16
14

40
73
37
42
82
40

OR

I
1.1
1.5
1
0.7
1.2

95% CI

0.4-2.6
0.6-4.0
0.3-1.6
0.5-3.2

Last occupation
Cases Referents

9
16
19
9
16
19

50
71
37
45
87
31

OR

95% CI

1
1.6 0.6-4.0
3.3 1.3-8.6
1
0.9 0.4-2.3
3 . 8 1.4-10.2

Highest exposed occupation
Cases Referents

5
18
31
5
18
31

15
92
92
26
89
84

OR

1
0.7
1.2
1
1.1
2.1

95% CI

0.2-2.3
0.4-3.5
0.4-3.4
0.7-6.2

Table 3. Alzheimer's disease risk estimates and 95% confidence intervals (95% GI) by levels of measured occupational magnetic field
exposure - adjusted for age, gender, and education. (OR = odds ratio)
Level of
exposure
(IJT)
Reference
group 1
Reference
group 2

< 0.12
0.12-0.19
2 0.2
i0.12
0.1 2-0.1 9
r 0.2

Primary occupation
Cases Referents

9
11
7
9
11
7

40
73
37
42
82
40

OR

1
0.8
0.9
I
0.6
0.8

95% CI

0.3-2.3
0.3-2.8
0.2-1.7
0.3-2.3

Last occupation
Cases Referents

8
9
12
8
9
12

50
71
37
45
87
31

OR

1
1.0
2.4
1
0.6
2.7

95% CI

0.4-2.9
0.8-6.9
0.2-1.8
0.9-7.8

Highest exposed occupation
Cases Referents

4
13
20
4
13
20

15
92
92
26
89
84

OR

1
0.6
0.9
1
1.1
1.8
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95% CI

0.2-2.2
0.3-3.2
0.3-3.9
0.5-6.0
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Table 4. Dementia and Alzheimer's disease risk estimates and 95% confidence intervals (95% CI) by levels of measured occupational
magnetic field exposure in the last occupation before onset or examination by age at onset or examination -adjusted for gender and
education. (OR = odds ratio)
Age at onset or
examination

All dementia cases
N

OR

95% CI

Alzheimer's disease cases
N

OR

95% CI

< 75 years
Level of exposure < 0.1 2 UT
Reference group 1 (N = 30)
Reference group 2 (N = 32)
Level of exposure 0.12-0.19 VT
Reference group 1 (N = 48)
Reference group 2 (N = 55)
Level of exposure t 0.2 pT
Reference group 1 (N = 23)
Reference group 2 (N = 26)
> 75 years
Level of exposure < 0.1 2 IT
Reference group 1 (N = 20)
Reference group 2 (N = 13)
Level of exposure 0.1 2-0.1 9 VT
Reference group 1 (N = 23)
Reference group 2 (N = 32)
Level of exposure t 0.2 TI
Reference group 1 (N = 14)
Reference group 2 (N = 5)

was estimated to be 5.8 (95% CI 1.4-23.8) for 1 reference
group and 5.9 (95% CI 1.4--24.5) for the other. Again, the
odds ratios for Alzheimer's disease were slightly lower than
for all dementia combined.
The data for the men and women were analyzed separately, but there were no appreciable differences in the odds ratios between the 2 groups (results not shown). The results
from the analyses excluding referents from the OCTO-twin
study did not differ from the results presented in the present
report, nor did the results when birth cohort was controlled
(results not shown).
When the subjects in occupations for which no magnetic
field measurements were available were assigned to a
magnetic field exposure category according to rater
judgment, the odds ratios for last occupation were lower, 2.3
(95% CI 1.0-5.2, reference group 1) and 2.8 (95% CI
1.2-6.5, reference group 2) for all dementia combined at
exposure levels of 2 0.2 pT. The corresponding results for
Alzheimer's disease were 1.9 (95% CI 0.8-4.5, reference
group 1) and 2.2 (95% CI 0.9-5.5, reference group 2).

Discussion
The results of this study indicate that workers exposed to
magnetic fields during their last occupation before disease
onset or examination were at a higher risk of dementia,
including Alzheimer's disease, than workers in low-exposure
occupations. Age-specific analyses suggest that the
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association was stronger in those with younger ages of onset
(175 years). There was no support for an association between magnetic field exposure in the primary occupation and
all dementias combined or for Alzheimer's disease alone. The
results are not entirely consistent with previous findings. Sobe1 et a1 (22,23) found an elevated risk for Alzheimer's disease for primary occupations judged to entail magnetic field
exposure, and they did not evaluate risk due to exposure during last occupation.
The present findings represent advances to the literature
concerning the potential association of magnetic fields and
dementia. First, the study was based on twins, and, although
the number of pairs was too small to peimit a matched pair
analysis, the results could be replicated in a 2nd reference
group. Even if the 2 reference groups were not independent,
the design decreases the possibility of a chance finding. Second, the study was not restricted to patients who sought medical treatment. Unlike Sobel et al, who used vascular dementia cases as referents in some analyses in their 1st report (22)
and other types of dementia as referents in their 2nd report
(23), we could estimate the risk both for all dementia and for
Alzheimer's disease in particular with nondemented subjects
as referents. The findings for all dementia did not simply reflect the fact that most dementia cases were Alzheimer's disease cases. When the analyses were restricted to non-Alzheimer's disease cases (the majority of which were vascular dementia), an elevated risk was also found, although these results were based on small numbers. This nonspecific effect
on all dementia implies that, if the association is causal, the
mechanism is probably one working on reducing the reserve
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capacity of the brain in general, and hence it makes the organism more susceptible to neurodegenerative insults rather
than to a process occurring via a build-up of amyloid deposits (which would be specific to Alzheimer's disease). Thus
the findings are consistent with a thseshold model for the role
of risk factors in dementia (21).
Third, detailed information was collected for both primary lifetime occupation and last occupation. The information
enables an assessment of whether temporal proximity between exposure and age of onset is important for risk. We
found both greater risk for younger age of onset and for last,
but not primay, occupation. Fusthermore, the risk estimates
were higher for those who had less than 10 years between
last occupation and the onset of disease (results not shown).
These findings combined suggest that magnetic field exposure may represent a late-acting influence in the disease process and that accumulated exposure throughout the lifetime is
of less importance.
Finally, there was a wide variety of occupations with
elevated magnetic field exposure in the present sample (such
as electrical engineer, seamstress, retail worker, forester, rail
worker, machinist, postal worker, welder, etc) unlike the
studies of Sobel et a1 (22,23), in which dressmaker, tailor,
and seamstress constituted the majority of the exposed
professions. Workers in the textile manufacturing industry
may be exposed to a large number of chemicals, such as
solvents, dyes, and insecticides (36). Although the extent to
which seamstresses are also exposed to these agents is
unclear, confounding from 1 of these other occupational risk
factors cannot be excluded (37). In contrast, the variety of
occupations in the present study makes it less likely that the
results can be explained by confounding from some other
occupational risk factor.
For demented subjects, information about occupational
history and a description of duties was obtained from a
surrogate respondent, most often the spouse or adult
offspring. The agreement between case and surrogate
information has been shown to be high for information about
last occupation, 86% agreement (38), and job description,
86% agreement (39), whereas the agreement is less for
number of jobs, 33-63% agreement (38, 39). Use of
information from sussogates may have introduced a greater
misclassification of exposure for the cases than for the
referents. The possibility of an association between
occupational magnetic field exposure and Alzheimer's
disease or dementia was not discussed when the occupational
information was collected in this study. Thus systematic
misclassification of the exposure is unlikely.
Only gainfully employed subjects were included in the
analyses. There were no differences between the men among
the cases and referents in the proportion of gainfully
employed, but there were fewer gainfully employed women
among the cases than among the referents, probably due to
the dates of the evaluation of the cases and the referents. The
screening of cases started in 1988, whereas the referents were

interviewed between 1992 and 1994. As a result, the cases
were born an average of approximately 10 years before the
referents. The proportion of women who worked outside the
household changed considerably for the later birth cohorts,
the result being more gainfully employed women among
those born later. There is no reason to believe that the older
women were not working because they had developed
symptoms of the disease.
The cases and referents did not differ regarding other
aspects of their occupational histories, for example, the
number of years in their primary and last occupation, and
the age at which they retired. Our findings may have been
due to bias had there been a decrease over time in the number
of job opportunities in the exposed occupations. Owing to
technological development, it seems more likely that the
number of exposed jobs has increased over time, but there
are no data to confirm this speculation. Furthermore, controlling for birth cohort did not change the results.
The job-exposure matrix was based on magnetic field
measurements performed between 1988 and 1992,and all the
measurements within a specific occupational category were
summarized into an average level for that category. This
procedure may have introduced misclassification of the
exposure for several reasons. First, measurements of today
may not be representative of past time periods; about half of
the occupations were held before 1980. Second, there may
be considerable variation in the magnetic field exposure
within an occupational category. Third, the measurements
were made on men, and therefore there may be a greater
misclassification of women's exposure. However, there were
no appreciable differences in the results between the men and
the women. Furthermore, there is no reason to suspect
differential misclassification of the exposure for the cases
and referents.
In an attempt to minimize reference selection bias, the
cases and the majority of the referents were identified from
the same subsample of the Swedish twin register. Because
the number of eligible referents above 80 years of age was
too small in the original sample, some of the referents in this
age group came from a different subsample from the twin
register. The results of the analyses in which these referents
were excluded did not differ from the results presented in
this report.
The results of this study indicate that occupational magnetic field exposure may possibly influence the development
of dementia. A cautious interpretation of these and previous
results is, however, necessary because of the disparities of
the findings. The most notable difference is that an elevated
risk was found in the present study even for the diagnostic
categories that were used for reference in parts of the previous studies (22,23). Nonetheless, it should be noted that
magnetic field exposure may be one of many risk factors for
dementia, all of which may contribute to a lessening of cerebral reserve and hence to an increase in the likelihood of pathology.
Scand J Work Environ Health 1998, 1/0124, no 1
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