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Abstract

Amyotrophic lateral sclerosis (ALS) has been associated with exposures in so-called ‘electrical occupations’. It is unclear
if this possible link may be explained by exposure to extremely low-frequency magnetic fields (ELF-MF) or by electrical
shocks. We evaluated ALS mortality in 2000-2008 and exposure to ELF-MF and electrical shocks in the Swiss National
Cohort, using job exposure matrices for occupations at censuses 1990 and 2000. We compared 2.2 million workers with
high or medium vs. low exposure to ELF-MF and electrical shocks using Cox proportional hazard models. Results showed
that mortality from ALS was higher in people who had medium or high ELF-MF exposure in both censuses (HR 1.55
(95% CI 1.11-2.15)), but closer to unity for electrical shocks (HR 1.17 (95% CI 0.83-1.65)). When both exposures were
included in the same model, the HR for ELF-MF changed little (HR 1.56), but the HR for electric shocks was attenuated
to 0.97. In conclusion, there was an association between exposure to ELF-MF and mortality from ALS among workers

with a higher likelihood of long-term exposure.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disease with no cure. The large
majority of cases are estimated to be sporadic (1), so
environmental factors may play a role in the develop-
ment of the disease. ALS has been associated with
exposures in so-called ‘electrical occupations’. Stud-
ies that assessed risk in workers exposed to extremely
low-frequency magnetic fields (ELF-MF) showed
mixed results (2,3), and one hypothesis is that elec-
trical shocks are the more relevant exposure. Occu-
pations with elevated ELF-MF exposure are often
those in which workers are at higher risk of electrical
shocks (4), but the potential risks of these exposures
have not been previously disentangled.

Job exposure matrices (JEMs) exist for ELF-MF
exposures (5) and have recently been developed for
risk of electrical shocks at work (4,6). These JEMs
allow researchers to assign exposures for specific

occupations. We analysed the Swiss National Cohort
(SNC) and evaluated the association between mor-
tality from ALS and ELF-MF exposure, and also
with the risk of electrical shocks at work.

Method
Swiss National Cohort

The SNC is a longitudinal study based on the
national censuses of 1990 and 2000, which were
linked to death or emigration records by determin-
istic and probabilistic record linkage methods (7).
Linkage was based on key variables of both datasets
(gender, date of birth, place of residence, marital
status, religion, nationality, date of birth of partner).
Standardized reporting of deaths is mandatory in
Switzerland, as was participation in the censuses.
Coverage of the census 2000 was virtually complete
(98.6%) (8) and 94% of deaths could be linked to a
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census record. Because linkage of younger persons
is less complete (9), we excluded persons younger
than 30 years of age at time of entry (2.59 million)
from the analysis. Census information includes
information on each individual, comprising
educational level, vocational training and occupa-
tion. The Cantonal ethics committees of Bern
and Zurich approved the Swiss National Cohort.
More information on the cohort is available at
www.swissnationalcohort.ch.

Outcome and exposure information

We analysed death from ALS (International Clas-
sification of Diseases and Related Health Problems,
version 10; code G12.2) registered anywhere on the
death certificate. For the exposure assessment, we
used two dedicated job exposure matrices: for
ELF-MF, we used a modified version of a previ-
ously published JEM (5). The JEM assigns expo-
sure as low, medium or high. The median intensity
of these magnetic field categories based on the
original ELF-MF JEM translated into 0.11 uT for
low, 0.19 uT for medium and 0.52 uT for highly
exposed, respectively (10). These originally inten-
sity-based-only ratings were up- or down-graded
(about 1% of jobs each), depending on estimated
probabilities of exposure (4). The electrical shock
JEM defines risk of electrical injury at work. For
this JEM, we have previously pooled national acci-
dent registry data from five European countries
including Switzerland (4). The electrical shock
JEM classifies occupational titles according to risk
of electric injury as a proxy for occurrence of elec-
tric shocks. The rates of pooled electrical injury
were categorized at the 75th and 90th percentiles
into low, medium and high risk. For 67% of the job
codes at the three digit ISCO 88 level (n=116),
classification of exposure fell in the same category
for ELF-MF and electrical shocks. For the levels
high, medium and low the percentages were 2%,
6% and 59%, respectively.

We also tested whether workers in so-called ‘elec-
trical occupations’ were at higher risk of ALS, using
job titles as previously reported by others (11,12).
The respective job titles are provided in Supplemen-
tary Table I, which is only available in the online
version of the journal. Please find this material with
the following direct link to the article: to be found
online at http://www.informahealthcare.com/doi/abs/
10.3109/21678421.2014.896928). The combined
censuses reported about 18,000 distinct job titles
that were already coded to the International Stan-
dard Classification of Occupations from 1988
(ISCO88) by the Swiss Federal Office for Statistics.
The census also provides information on the (high-
est) vocational training that people had, and this
information is also coded in ISCO88. Since both
JEMs are also in ISCO88, exposure could be assigned
to the job codes and vocational training codes in the
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census. Homemakers were set to low exposure, as
were people without an occupation at the time of the
censuses.

Statistical analysis

We used age as the underlying time-scale for the Cox
proportional hazard models when we analysed the
association between high or medium vs. low ELF-MF
or shock exposure at work. Exposures were sepa-
rately evaluated for occupations at each census
(1990, 2000). We also compared medium or high vs.
low exposure over the combined censuses. Pension-
ers in 1990 were excluded from the analyses that
evaluated exposures from 1990, as were pensioners
in 2000. All pensioners were excluded from the com-
bined analysis of the censuses 1990 and 2000. We
excluded them because the group included retirees
and disabled persons who received early pensions.
One reason for receiving a disability related pension
could be ALS, the outcome of interest evaluated in
our study.

Please note that persons registered in the census
1990 but who died before entering the risk set on 5
December 2000 were not included in the data set,
resulting in a higher apparent proportion of pension-
ers in the 2000 census.

We calculated time from date of birth; partici-
pants entered the risk set on 5 December 2000, the
day of the 2000 census. Observation time ended on
the date that came first: 31 December 2008; date of
emigration; or death. We tested models for the pro-
portionality assumption using statistical tests based
on Schoenfeld residuals, and the assumption was
met for all exposure variables. Models were adjusted
for gender and nationality (Swiss, other; model I).
We found no association between risk of ALS
and educational level, civil status, language region,
degree of urbanization of the municipality where
persons lived and a neighbourhood index of socio-
economic position based on the 50 nearest house-
holds (13) and excluded these variables from the
analysis. In model II, we also adjusted for the other
exposures (ELF-MF or shocks). We performed
several sensitivity analyses:

o We restricted the data set to those workers who
had reported working full time (1fte) in both
censuses and additionally to those who had
been exposed to medium or high ELF-MF lev-
els during their vocational training. In line with
a previous publication (12) we further stratified
by gender and by the median age at entry into
the cohort in the year 2000 for deaths from
ALS (56 years, for cases with exposure infor-
mation).

e We also tried to disentangle effects of the two
evaluated exposures. We did so by combining
medium/high exposure to ELF-MF with
medium/high risk of electric shocks; medium/
high exposure to ELF-MF with low risk of
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electric shocks; low exposure to ELF-MF with
medium/high risk of electric shocks vs. low
ELF-MF exposure and low risk of shocks at
both censuses.

e Finally, we adjusted for other occupational expo-
sures (pesticides, herbicides, chlorinated solvents
and heavy metals, using the ALOHA-JEM) (14)
to determine if that changed our HRs. All anal-
yses were performed using Stata version 12
(StataCorp, College Station, Texas, USA).

Results

A total of 1358 persons died from ALS; nine people
who died were under 30 years of age and were
excluded from the analysis; 87 could not be linked
to a census record. The 1990 census contained
information on 4,240,812 persons (1230 cases); we
excluded 659,086 pensioners (411 cases) and
182,913 persons (27 cases) for whom 1990 occupa-
tional information was missing. This left us with
3,398,813 persons (792 cases) in the analysis for
1990. The 2000 census contained information on
4,689,667 persons (1262 cases); we excluded
1,320,102 pensioners (880 cases) and 816,883 per-
sons (83 cases) for whom 2000 occupation informa-
tion was missing. This left us with 2,552,682 persons
(299 cases) in the analysis for 2000. A total of
2,167,046 persons (278 cases) contributed data for
the analysis of both censuses. Characteristics are
given in Table II and in Supplementary Table II,
which is only available in the online version of the
journal. Please find this material with the following
direct link to the article: to be found online at http://
www.informahealthcare.com/doi/abs/10.3109/2167
8421.2014.896928).

When analysed separately, hazard ratios (HR)
were around unity for those exposed to ELF-MF, for
workers at risk of electrical shocks, or employed in
electrical occupations in either 1990 or 2000, with-
out exposure-response relationship with intensity of
exposure (Table II). We observed an increase in mor-
tality from ALS for ELF-MF exposures in persons
classified as medium/high exposed in both 1990 and
2000; the increase was lower for electrical shocks.
After we accounted for both exposures in the same
model, we found ELF-MF had maintained almost

the same HR, but the HR for electrical shocks was
attenuated (Table III); 21 cases were classified as
medium/high exposed to ELF-MF and shocks in
both censuses. In line with this result, persons who
had been exposed to medium or high ELF-MF lev-
els for at least one of the censuses but not to shocks
had an increased risk of 1.51 (95% CI 1.08-2.11)
compared to persons with low exposures at both
censuses. Persons with medium or high risk of
electrical shocks for at least one of the censuses
but not to ELF-MF had a HR of 1.12 (95%
CI 0.77-1.64).

Over both censuses combined, only one person
dying from ALS had worked in an electrical occupa-
tion (both definitions, data not shown) and only
three had been high exposed in both censuses. HRs
increased slightly for medium/high ELF-MF vs. low
exposure when we reduced the data set to those
who had reported working 1fte in both censuses, or
who had also been exposed during their vocational
training (Table III).

HRs were not materially different in males and
females (interaction p-value = 0.9), and did not dif-
fer by median age at entry (interaction p-value = 0.4).
Adjusting for potential other occupational exposures
(pesticides, herbicides, chlorinated solvents and
heavy metals) had no material effect on HRs (data
not shown).

Discussion

In a large database covering the Swiss population,
we observed no increased risks of ALS in persons
with elevated ELF-MF exposure, higher risk of elec-
trical shock or in workers with an electrical occupa-
tion when exposures were based on census data from
either 1990 or 2000. People who were occupation-
ally exposed to elevated ELF-MF at both censuses
had an elevated risk of ALS (HR of 1.55; 95% CI
1.11-2.15). No elevated risk of ALS was observed
for persons at risk of electrical shocks at the time-
points of both censuses. Our study thus does not
support the hypothesis that shocks may be the more
relevant exposure in the generation of ALS.

Some concerns remain regarding under-ascer-
tainment of ALS when using death certificates (15).
The crude mortality rate in our population, however,

Table I. Study characteristics, combined information from census 1990 and 2000.

median age % foreign % working

n n cases % females at entry (yrs) nationals 1fte
ELF-MF JEM
Low in 1990 and 2000 1,572,241 191 54 46 11 43
Medium/high in 1990 or 2000 354,223 41 41 44 21 50
Medium/high in 1990 and 2000 240,582 46 22 46 21 76
Electrical shocks JEM
Low in 1990 and 2000 1,556,258 200 59 46 10 40
Medium/high in 1990 or 2000 313,273 34 30 43 23 55
Medium/high in 1990 and 2000 297,515 44 9 44 22 84
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Table II. Risk of death from ALS (2000-2008) and exposure to ELF-MF, electrical shocks at work
or working in an electrical occupation in either 1990 or 2000.

Census 1990

Census 2000

n cases HR (95%CI) n cases HR (95% CI)

ELF-MF JEM

Low 606 referent 240 referent

Medium 163 1.21 (1.03-1.46) 55 1.20 (0.90-1.62)

High 23 1.11 (0.73-1.69) 4 0.64 (0.24-1.73)
Electrical shocks JEM

Low 625 referent 238 referent

Medium 102 0.90 (0.72-1.11) 41 1.13 (0.81-1.57)

High 65 1.19 (0.92-1.55) 20 1.11 (0.70-1.76)
Electrical occupation (Deapen, 1986)

No 774 referent 297 referent

Yes 18 1.20 (0.75-1.93) 2 0.36 (0.09-1.45)
Electrical occupation (Feychting 2003)

No 782 referent 297 referent

Yes 10 1.10 (0.59-2.05) 2 0.64 (0.16-2.57)

For the analysis of ALS risk in electrical occupations, job titles used in two previous publications
were applied (11,12). Analyses were adjusted for gender and nationality, age was used as underlying

time scale.

was 2.26 per 100,000 person-years, which is well in
line with incidence data that have been reported
from other European countries (16). In addition, it
is unlikely that such under-ascertainment would be
related to the evaluated exposures, which in turn
would mean that using death certificates would not
be expected to cause biased results, but loss of power
and thus a decreased ability to detect any associa-
tion. Our analysis offers nearly complete coverage of
the Swiss population; occupational information was
prospectively collected. Exposure information was
only available at the time the censuses were taken,
so that we could not analyse cumulative exposure,

or the timing of exposure over a lifetime. We could
however, determine if persons had been exposed at
one or two censuses and additionally during voca-
tional training, and we found that risk increased for
those exposed at least at two time-points (indicating
a longer exposure duration).

We observed no increased risks for persons in
occupations at higher risk of electrical shocks, but
the power of our study to exclude such an associa-
tion was limited. Our shock-JEM is based on acci-
dent data about electrical injuries and may not have
captured other electrical exposures at work, such as
electric fields, contact currents or nuisance shocks,

Table III. Risk of death from ALS (2000-2008) and exposure to ELF-MF, electrical shocks in 1990

Model I
HR (95% CI)

Model II
HR (95% CI)

and 2000.

Census 1990 and 2000 n cases

ELF-MF
Low in 1990 and 2000 191
Medium/high in 1990 or 2000 41
Medium/high in 1990 and 2000 46
Medium/high in 1990 and 20002 30
Medium/high in 1990 and 2000° 40
Medium/high in 1990 and 2000° 28

Electrical shocks
Low in 1990 and 2000 200
Medium/high in 1990 or 2000 34
Medium/high in 1990 and 2000 44
Medium/high in 1990 and 20009 31
Medium/high in 1990 and 2000° 40
Medium/high in 1990 and 2000f 29

referent
1.09 (0.77-1.53)
1.55 (1.11-2.15)
1.59 (1.07-2.35)
1.66 (1.15-2.42)
1.71 (1.11-2.61)

referent
0.94 (0.65-1.36)
1.17 (0.83-1.65)
1.13 (0.76-1.69)
1.20 (0.82-1.76)
1.21 (0.79-1.86)

referent
1.12 (0.79-1.61)
1.56 (1.09-2.25)
1.30 (0.77-2.19)
1.68 (1.11-2.55)
1.42 (0.81-2.48)

referent
0.90 (0.61-1.33)
0.97 (0.66-1.42)
1.20 (0.73-1.98)
0.97 (0.63-1.49)
1.26 (0.73-2.14)

Model I: using age as the underlying time scale, and adjusted for gender and nationality. Model II:
additionally adjusted for the respective other exposure. *additionally medium/high ELF-MF exposed
during vocational training; Ppersons reporting to work Ifte in both censuses; ‘both a and b;
dadditionally at medium/high risk of electrical shocks during vocational training; persons reporting
to work 1fte in both censuses; fboth d and e. Note that HRs of a—f are based on smaller data sets
and therefore do not compare to the identical referent group as in the other analyses shown in this

table.



Downloaded by [University Library Utrecht] at 02:49 19 February 2016

84  A. Huss et al.

which might more commonly occur in occupations
classified as ‘electrical’ (17). However, we observed
no increased risks in workers in ‘electrical occupa-
tions’. This is in contrast to earlier publications
that reported more consistently higher risks in elec-
trical occupations (11,12,18,19) than in studies
evaluating ELF-MF exposures: of studies address-
ing ELF-MF exposures, some reported positive
associations (20—23) while others did not (12,19,24).
Interestingly, of the studies that report effects, most
are cohort studies performed in industrial cohorts
with often more complete job history information.
The publications that found no increased risks of
ALS from the exposure to magnetic fields, in con-
trast, are more often general population studies with
occupations only reported at one singe time-point,
such as from death certificates (25-27) or from a
baseline questionnaire (24). Electrical shocks were
previously analysed from self-report, with inconsis-
tent results (11,28). One recent Danish study
addressed risks in workers who had survived electric
injury, but was underpowered to detect potential
associations with ALS (29).

In summary, our study provided no evidence that
ALS is associated with electrical shocks at work. We
did find that ALS is associated with occupational
exposure to medium or high levels of extremely low-
frequency magnetic fields among workers with a
higher likelihood of being long-term exposed to
ELF-MF.
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