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ABSTRACT
Objectives Although a study among utility workers
found an increased risk for acute myocardial infarction
and arrhythmia-related deaths associated with
occupational extremely low-frequency magnetic fields
(ELF-MF) exposure, later studies largely failed to replicate
these findings. This study investigated the association
between occupational ELF-MF exposure and
cardiovascular disease (CVD) mortality within a
community-based prospective cohort study.
Methods The Netherlands Cohort Study is a
prospective cohort study among 120 852 men and
women aged 55–69 years at baseline. Participants were
followed-up for CVD mortality over a period of 10 years,
resulting in 8200 CVD deaths. Information on
occupational history and potential confounders, such as
educational level, smoking and alcohol use were
collected at baseline through a self-administered
questionnaire. Occupational ELF-MF exposure was
assigned using a job-exposure matrix. Associations with
CVD mortality were analysed using Cox regression.
Results Ever low or high exposure to ELF-MF showed
no association with total CVD mortality (HR of 1.02,
95% CI 0.99 to 1.06), nor with any cause-specific
subtypes of CVD mortality. Other ELF-MF exposure
metrics showed no increased risks either.
Conclusions In this study, we found no indication of
an association between occupational ELF-MF exposure
and risk of CVD mortality.

INTRODUCTION
The possible health effects of exposure to
extremely low-frequency magnetic fields (ELF-MF)
have been studied for three decades.1 ELF-MF are
magnetic fields produced by electrical appliances
and the power grid, with a frequency up to
300 Hz. Experimental evidence in humans pointing
to a possible effect of ELF-MF on heart rate vari-
ability (HRV)2 3 and, ultimately, on acute cardiac
diseases, led Savitz et al4 to investigate the effects
of occupational exposure to ELF-MF on cardiovas-
cular disease (CVD) mortality in a cohort of utility
workers. Their findings suggested a positive associ-
ation between occupational ELF-MF exposure and
mortality due to cardiac arrhythmia and acute myo-
cardial infarction (AMI). Although some studies
have offered marginal support for this early obser-
vation,5 others have failed to replicate these find-
ings.6–11 A recent review, therefore, concluded that
the current evidence does not support a

relationship between occupational exposures to
ELF-MF and CVD mortality.12

The majority of the epidemiological studies to
date have been performed in industry-based popu-
lations.4 5 9 11 13 While industry-based studies offer
the prospect of a detailed occupational exposure
assessment, they often have limited ability to adjust
for potential confounding factors, such as smoking
and alcohol use. In addition to the industry-based
studies, three general population-based cohort
studies on ELF-MF and CVD-related mortality
have been published.7 8 10 These may have the
advantage of both complete occupational histories
which minimises potential healthy worker inclusion
effects, and detailed information on possible con-
founders, albeit that this often comes at the cost of
less detailed occupational exposure assessment, as
well as a lower prevalence of high exposures. The
aforementioned general population studies on
ELF-MF suffered, however, from one or more lim-
itations of either being limited to information on a
single occupation instead of the full occupational
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What this paper adds

▸ A large industrial cohort study amongst
electrical utility workers has shown an
association between occupational exposure to
extremely low-frequency magnetic fields
(ELF-MF) and increased mortality due to acute
myocardial infarctions and arrhythmias.

▸ Other studies have failed to replicate this
finding, but subsequent occupational studies
suffered from low numbers of cases, while
subsequent general-population studies were
limited to incomplete job histories.

▸ This study, using The Netherlands Cohort
Study, improves upon earlier replication efforts
by using a large, prospective,
general-population cohort with a large number
of cases, and with complete job histories up to
enrolment.

▸ This study did not find an association between
occupational exposure to ELF-MF and mortality
due to (subtypes of ) cardiovascular disease
(CVD), adding to the combined evidence that
exposure to ELF-MF does not increase the risk
of death from CVD.
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history,8 10 or because information on potentially important
confounders was missing and, instead, estimated indirectly.7

In this study, we addressed these limitations by investigating
the association between occupational ELF-MF exposure and
CVD mortality using a large community-based prospective
cohort study14 with complete occupational history and detailed
confounder information up to baseline.

MATERIALS AND METHODS
Population
The Netherlands Cohort Study on diet and cancer (NLCS) con-
sists of 120 852 subjects (58 279 men and 62 573 women) who
were enrolled in 1986. Subjects were aged 55–69 years and
living in 204 municipalities throughout The Netherlands at the
time of enrolment.14 Participants completed a questionnaire at
baseline on occupational history, dietary habits and other poten-
tial risk factors for cancer. The first page, containing basic
demographic information, was machine readable and entered
for all subjects. Following a case-cohort approach, the remaining
pages were entered manually for a randomly drawn subcohort
(n=5000). After enrolment, the whole cohort was followed-up
for cause-specific mortality and cancer incidence. The remaining
pages of the questionnaire were entered for incident cases.

The NLCS was approved by the institutional review boards of
the Netherlands Organization for Applied Scientific Research
TNO (Zeist) and Maastricht University (Maastricht).

Case definition
Deaths were hand searched from the Dutch Bureau of Genealogy
for the period from January 1987 through to October 1994, and
obtained through record linkage for the remaining period up to
December 1996, resulting in a 10-year follow-up period. Causes
of deaths were obtained from the Central Bureau of Statistics
(CBS) and coded according to the 9th, and from 1 January 1996
onwards, the 10th revision of the International Classification of
Diseases. For this analysis, causes of death were grouped into
total CVD mortality, ischaemic heart disease (IHD), AMI, sub-
acute and chronic IHDs, other cardiac diseases, arrhythmias, ath-
erosclerosis and cerebrovascular disease mortality (see table 1). In
total, 8200 CVD deaths, either as primary or secondary causes of
death, were traced in the follow-up of the cohort. Of these, infor-
mation on occupational history and possible confounders was
available for 6151 cases.

Assignment of occupational ELF-MF exposure
The questionnaire included questions on the occupational
history of the participants up to baseline. Participants were
asked to report job title, company name and type of industry,
products manufactured and time period for each job they ever
performed. Of the cohort, 78% of them were not employed at
baseline. Participants could enter up to five jobs in the question-
naire. Participants in the subcohort entered, on average, 1.9
jobs. This information was coded into job codes by a dedicated
research assistant according to the Standard Occupational
Classification of the Dutch CBS from 1984 (CBS-84).15 These
CBS-84 job codes were translated into ISCO-88 using an auto-
mated cross-walk developed for this purpose.16

Subsequently, exposure to ELF-MF was assigned to each job by
linking the ISCO-88 job codes to a recently developed ELF-MF
job-exposure matrix ( JEM).17This JEM is a modified version of a
previously published ELF-MF JEM developed by Bowman
et al.18 The original ELF-MF JEM reflects the intensity of time-
weighted average exposure in micro-Tesla (μT) by job based on
available measurement data, but does not account for the prob-
ability of exposure. To account for both the intensity and prob-
ability of exposure, geometric mean intensities were first
categorised into background (i.e. very low), low and high
ELF-MF exposure levels based on distributional cut points at
0.15 μT and 0.30 μT. The resulting intensity-based ratings (back-
ground, low, high) were subsequently up- or downgraded by two
industrial hygienists (HK and RV) based on the estimated prob-
ability of exposure per job, and classified as background low or
high exposure. Median intensity of these categories based on the
original JEM were 0.11, 0.19 and 0.52 μT, respectively.

Unpaid jobs were assigned the background exposure level. If
job descriptions were missing or unable to be coded (12% of
cases and 13% of subcohort), exposure for that particular job
was set to missing. Missing job durations were imputed based
on sex-specific average job durations in the cohort (5% of cases
and 4% of subcohort). Some subjects filled out overlapping job
periods. In these cases, the overlapping years were divided
equally over the overlapping jobs.

The following exposure metrics were considered:
▸ Ever ‘low or high exposure’ versus ‘background exposure’

to ELF-MF: the ever low and high categories were merged
because the small numbers of high exposed subjects in the
subcohort led to unstable risk estimates;

▸ Exposure duration: the period of time (in years) a subject
reported to have performed a job with low or high
ELF-MF exposure up to baseline;

▸ Cumulative exposure: level of ELF-MF exposure over the
job history up to baseline. This was calculated by first
multiplying, per job, the duration with exposure level
using weights based on the distribution of the intensity of
ELF-MF exposure over the occupations in the original
ELF-JEM (0 for background, 1 for low and 4 for high
exposure). The resulting unit-years per job were then
summed across all jobs in the job history. Cumulative
exposure was analysed as a categorical variable, using back-
ground exposure (cumulative exposure of 0) as the refer-
ence category and dividing those with cumulative
exposures higher than background in three categories
based on the tertiles of the exposed in the subcohort. In
addition, a test for linear trend was performed by entering
the cumulative exposure as a continuous variable, both
among all subjects and among those with a low or high
exposure to ELF-MF.

Table 1 Case definition and number of cases of cardiovascular
mortality

Disease outcome ICD-9 coding ICD-10 coding Number of cases

Total cardiovascular mortality 390–459 I00–I99 6151
IHD 410–414 I20–I25 3292
AMI 410 I21, I22 2281
Subacute and chronic IHDs 411–414 I20, I24, I25 1015
Other cardiac diseases 420–429 I30–I52 1084
Arrhytmias 426–427

excluding
427.5*

I44, I45,
I47–I49

147

Atherosclerosis-related
mortality

440 I70 121

Cerebrovascular diseases 430–438 I60–I69 1143

*Cardiac arrest (ICD9: 427.5) is excluded from the definition of arrhythmias.
AMI, acute myocardial infarction; ICD, International Classification of Diseases; IHD,
Ischaemic heart disease.
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Statistical analysis
In this case-cohort study, the association between the different
exposure metrics of ELF-MF and CVD mortality was tested
with Cox proportional hazards models, using the stcox proced-
ure of STATA V.10 (Statacorp LP, College Station, Texas, USA).
Person-time estimates were derived from the randomly sampled
subcohort. CIs (95%) were calculated using the ‘robust’ option.
Attained age was used as the underlying time scale in the Cox
models.

Models were corrected for sex, age at baseline (5 year-categories),
current smoking status (yes or no), average number of cigarettes
smoked per day, number of years of cigarette smoking, alcohol use
(grams per day), educational level attained (primary, lower, second-
ary and medium, and university and higher vocational) and Body
Mass Index. Other potential confounders were also tested, that is,
marital status (never married, married, divorced and widower),
smoking status of the partner (non-, former and current smoker),
ever exposed to cigarette smoke in the workplace (never, some-
times, often, always), physical activity outside work (continuous
(minutes per day) and categorical (less than 30 min/day, 30–60 min/
day, 60–90 min/day and more than 90 min/day)), consumption of
fruit, legumes, vegetables, meat products and fish products (all in
average grams per day) and total energy intake (kilo calories per
day). However, these confounders were not included in the final
models as they did not affect the point estimates, yet reduced the
number of cases included due to missing data. Analyses were per-
formed on the entire cohort, as well as stratified by sex.

RESULTS
Population
Subjects with assigned exposure levels and complete confounder
information were included in the analyses. This entailed 6151
cases (75% of total number of cases) and a subcohort of
n=3881 (78% of complete subcohort) in the analysis of total
CVD mortality. The number of cases included in the analyses of
the subtypes of CVD disease mortality are shown in table 1.
Subjects included in the analyses were similar for most (poten-
tial) confounders compared with excluded subjects, although
the latter more often had a lower level of attained education.

Approximately half the cases and the subcohort members had
ever been low or high exposed to ELF-MF over their entire job
history. Of these, approximately 7% had ever been high
exposed (8.1% of the men compared with 0.6% of the women
in the subcohort). The proportion of subjects with ever high
exposure was higher among all cases (7.7%) compared with the
subcohort (4.4%) (see table 2). Men had longer working histor-
ies than women (on average, 36 vs 13 years). Of these working
years, men and women worked on average 14 and 6 years,
respectively, in jobs with low or high ELF-MF exposure.
Because of the higher exposure levels as well as the longer job
history, men were more likely to be in the third tertile of cumu-
lative ELF-MF exposure, while women were more likely to fall
in the first tertile.

Occupational ELF-MF exposure and risk factors
for cardiovascular mortality
Subjects with a higher cumulative ELF-MF exposure showed
some differences in potential risk factors for CVD as compared
with subjects with a lower cumulative exposure (see table 3).
Subjects within the highest tertile of cumulative exposure were
more likely to be current or former smokers and, on average,
smoked more cigarettes per day, and smoked for a longer period
of time. Subjects within the highest tertile of cumulative expos-
ure also were more likely to drink larger amounts of alcohol per
day. This difference was explained to a large extent by differ-
ences in the sex distribution between subjects with a lower or
higher cumulative exposure. When stratified by sex, no signifi-
cant differences remained.

Occupational ELF-MF exposure and cardiovascular mortality
No statistically significant association was detected between
occupational ELF-MF exposure and total CVD mortality for
any of the exposure metrics in the main adjusted analyses (HR
for ever low or high exposure versus background exposure to
ELF-MF was 1.02, 95% CI 0.99 to 1.06, see table 4) as well as
in the sex-stratified analyses (HR for men 1.02, 95% CI 0.98 to
1.06, and for women HR 1.00, 95% CI 0.93 to 1.07).
Additional analyses excluding those with self-reported

Table 2 Age category, smoking status, numbers of cigarettes smoked per day and number of years smoked, alcohol use, educational level,
body mass index and occupational exposure to extremely low-frequency magnetic fields for the subcohort and all cardiovascular deaths (cases)
by sex

Subcohort
Cases
Total cardiovascular mortality

Male Female Male Female

n %/mean SD n %/mean SD n %/mean SD n %/mean SD

Ever exposed to ELF-MF
Background (%) 926 48.8 977 50.3 2106 46.8 825 49.9
Low (%) 855 44.1 954 49.1 1934 43.0 810 48.9
High (%) 156 8.1 13 0.6 456 10.1 20 1.2

Duration of ever low or high exposed (years; mean,SD) 1011 26.7 14.2 967 11.2 9.5 2390 26.6 14.0 830 10.7 9.7
Cumulative exposure* Categorical
Background (%) 0 unit-years 926 47.8 977 50.3 2106 46.8 825 49.8
1st tertile of exposed (%) 0.5–9 unit-years 160 8.3 544 28.0 348 7.7 491 29.7
2nd tertile of exposed (%) 9.5–28 unit-years 272 14.0 353 18.1 682 15.2 277 16.7
3rd tertileof exposed (%) 28.5–208 unit-years 579 29.9 70 3.6 1360 30.3 62 3.8
Continuous (unit×years; mean, SD) 1937 18.6 29.1 1944 5.7 9.4 4496 20.2 32.1 1655 5.6 9.2

*Cumulative exposure was calculated by multiplying per job the duration with exposure level using arbitrary weights (0 for background, 1 for low and 4 for high exposure). The
resulting unit×years per job were then summed across all jobs in the job history.
ELF-MF, extremely low-frequency magnetic fields.
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cardiovascular conditions (hypertension, heart attack, angina
pectoris, thrombosis and stoke) at baseline did not change these
results.

Table 5 shows that there were no statistically significant associa-
tions between cumulative occupational ELF-MF exposure and the
various subtypes of CVD mortality. Only the results for the most
comprehensive metric (cumulative exposure) are shown as results
for the other exposure metrics (ever low or high exposed vs back-
ground exposure and duration of low or high exposure) resulted

in similar observations. Furthermore, stratified analyses by sex,
smoking status and alcohol intake did not result in other insights.

We performed several sensitivity analyses to investigate the
possible influence of alternative definitions of cases and of
exposure. To test differing definitions of cases, we repeated the
analyses of CVD and subtypes using only the primary cause of
death. Using primary cause of death as the case definition did
not materially change the results for CVD (third tertile of
exposed vs background: HR 1.01, 95% CI 0.88 to 1.15) or any

Table 3 Potential confounders by cumulative extremely low-frequency magnetic field exposure in the subcohort

Extremely low-frequency ELF

0 unit-years 0.5–9 unit-years 9.5–28 unit-years 28.5–208 unit-years

n %/mean SD n %/mean SD n %/mean SD n %/mean SD

Sex (%)
Male 926 48.7 143 23.6 270 38.7 598 88.6
Female 977 51.3 463 76.4 427 61.3 77 11.4

Age at baseline (%)
55–60 years 692 36.4 251 41.4 259 37.2 133 29.8
60–65 years 656 34.5 206 34.0 237 34.0 152 34.1
65–70 years 555 29.2 149 24.6 201 28.8 161 36.1

Age at baseline (mean, SD) Years 1903 61.6 4.3 606 61.2 4.1 697 61.5 4.3 675 61.6 4.2
Smoked cigarettes (%)
Never 733 38.5 288 47.5 273 39.2 100 14.8
Former smoker 644 33.8 175 28.9 243 34.9 355 52.6
Current smoker 526 27.6 143 23.6 181 26.0 220 32.6

Number of cigarettes smoked per day (mean, SD) 1903 9.6 11.2 606 7.5 10.9 697 9.2 10.8 675 13.5 10.3
Number of years smoking cigarettes (mean, SD) 1903 19.5 18.3 606 15.4 17.5 697 18.8 17.8 675 28.4 15.9
Highest level of education attained (%)
Primary vocational 497 26.1 186 30.7 215 30.9 155 23.0
Lower vocational 354 18.6 148 24.4 154 22.1 185 27.4
Secondary and medium vocational 645 33.9 233 38.5 278 39.9 259 38.4
University and higher vocational 407 21.4 39 6.4 50 7.2 76 11.3

Body Mass Index (mean, SD)kg/m2 1903 24.9 3.1 606 25.3 3.4 697 25.2 3.2 675 24.9 2.6
Alcohol consumption (mean, SD) g/day 1903 11.2 15.3 606 7.7 11.8 697 9.6 14.0 675 11.9 13.6

Table 4 Total cardiovascular disease mortality in relation to occupational extremely low-frequency magnetic field exposure

Total Men Women

Cases
Person-years in
subcohort

Adjusted HR*
(95% CI) Cases

Person-years in
subcohort

Adjusted HR*
(95% CI) Cases

Person-years in
subcohort

Adjusted HR*
(95% CI)

Ever exposed
Background 2931 17726 1 2106 8434 1 825 9293 1
Low/high 3220 18461 1.02 (0.93 to 1.13) 2390 9214 1.03 (0.91 to 1.16) 830 9247 0.96 (0.83 to 1.12)
Exposure duration
(low or high exposed)
(HR†/10 years)

3220 18461 0.98 (0.95 to 1.02) 4496 17 647 0.97 (0.91 to 1.02) 1655 18540 0.87 (0.77 to 0.98)

Cumulative exposure
0 unit-years 2931 17726 1 2106 8434 1 825 9293 1
0.5–9 unit-years 839 6626 1.07 (0.92 to 1.24) 348 1432 0.97 (0.76 to 1.24) 491 5193 1.09 (0.90 to 1.31)
9.5–28 unit-years 959 5864 1.04 (0.91 to 1.19) 682 2484 1.11 (0.93 to 1.33) 277 3380 0.86 (0.71 to 1.04)
28.5–208 unit-years 1422 5972 0.99 (0.87 to 1.14) 1360 5298 1.00 (0.87 to 1.16) 62 674 0.91 (0.63 to 1.31)
Test for trend‡ p=0.27 p=0.20 p=0.09
Test for trend among
exposed only§

p=0.26 p=0.15 p=0.07

*Adjusted for age at baseline, sex, smoking, attained education level, alcohol consumption and body mass index.
†HR.
‡Test for linear trend calculated by entering cumulative exposure as a continuous variable in the model.
§Test for linear trend calculated by entering cumulative exposure as a continuous variable in the model among ever low- and high-exposed subjects only.
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of the subtypes (AMI: third tertile of exposed vs background
HR 1.02 (95% CI 0.87 to 1.19); arrhythmias: third tertile of
exposed vs background HR 0.75 (95% CI 0.44 to 1.29)). To
test alternate definitions of exposure, first, the sex-stratified ana-
lyses were performed using sex-specific cut points in the ana-
lyses of cumulative exposure and CVD risk. Second, analyses
were restricted to subjects who ever had a paying job. Third,
analyses were performed on the entire cohort, substituting an
exposure level of 0 for jobs that could not be coded. Fourth, the
analyses were repeated without the imputation of job duration.
Last, different lag-times of 10, 15 and 20 years were implemen-
ted, ensuring an equal effective lag-time across the cases and
subcohort. These sensitivity analyses did not change the results,
and resulted in only slightly different HRs. Ever low or high
exposed versus background exposure for CVD changed from a
HR of 1.02 to values between 1.01 and 1.06, for AMI from
1.03 to values from 1.01 to 1.06 and for arrhythmias from 1.11
to values ranging from 1.04 to 1.16. Similarly, in the categorical
analysis of cumulative exposure, HRs for the third tertile of
exposed category versus background exposure changed from
0.99 to values between 0.97 and 1.02 for CVD, from 1.01 to
values ranging from 0.97 to 1.05 for AMI, and from 0.99 to
values ranging from 0.83 to 1.08 for arrhythmias. None of the
analyses became statistically significant in the sensitivity
analyses.

DISCUSSION
This study examined the association between occupational
extremely low-frequency magnetic field (ELF-MF) exposure and
risk of mortality due to CVD in a general population cohort.

Occupational ELF-MF exposure appeared not to be associated
with total CVD mortality or any of its cause-specific subtypes.

The link between ELF-MF exposure and CVD outcomes was
originally put forward on the basis of double-blind experiments
showing a reversible relationship between ELF-MF exposure
and reduced HRV in humans.2 Changes in HRV have, in turn,
been shown to be related to cardiac autonomic activity, and to
be a useful indicator in identifying patients with a higher risk of
CVD morbidity and mortality.19 The initial findings of Savitz
et al4 of an increase in risk of AMI and arrhythmia-related mor-
tality due to occupational ELF-MF exposure in a population of
utility workers seemed to be in line with this proposed mechan-
ism. However, subsequent experimental and epidemiological
studies failed to replicate the relationship between ELF-MF
exposure and reduced HRV and associated CVD risk.5–11 13 20

This led Kheifets et al12 to conclude in their literature review
that the current evidence does not support a relationship
between occupational exposures to electric and magnetic fields
and CVD.

This present study tried to improve on earlier epidemiological
studies in several ways. First, because of the size of the cohort, the
number of cases used in the analyses is higher than in many previ-
ous epidemiological studies on occupational ELF-MF exposure
and CVD mortality (see Kheifets et al12 for an overview). Second,
in this study, it was possible to look at the possible sex-specific
effects of ELF-MF. Often women are under-represented in
industry-based studies prohibiting the study of health effects by
sex. Third, because of the detailed questionnaire data obtained at
baseline, it was possible to consider and adjust for many poten-
tially confounding lifestyle factors. This has been a limitation in
earlier epidemiological studies, where such detailed information

Table 5 Cardiovascular disease mortality and cumulative extremely low-frequency magnetic field exposure

Cumulative exposure (tertiles among ever low and high exposed)

0 unit-years 0.5–9 unit-years 9.5–28 unit-years 28.5–208 unit-years Test for trend*
Test for trend amongst
low or high exposed†

Person-years in subcohort 17726 6626 5864 5972
Ischaemic heart diseases (IHD)
Cases 1589 402 501 800
HR‡ (95% CI) 1 0.98 (0.82 to 1.17) 0.98 (0.84 to 1.14) 0.98 (0.85 to 1.14) 0.21 0.18

Acute myocardial infarction (AMI)
Cases 1078 289 367 547
HR‡ (95% CI) 1 1.01 (0.84 to 1.22) 1.05 (0.89 to 1.24) 1.02 (0.87 to 1.19) 0.18 0.17

Subacute and chronic IHD
Cases 511 113 135 256
HR‡ (95% CI) 0.92 (0.71 to 1.19) 0.83 (0.66 to 1.04) 0.93 (0.76 to 1.12) 0.41 0.35

Other cardiac causes
Cases 525 146 176 237
HR‡ (95% CI) 1 1.00 (0.79 to 1.26) 1.03 (0.84 to 1.27) 0.97 (0.80 to 1.19) 0.86 0.84

Arrhythmias
Cases 67 24 26 30
HR‡ (95% CI) 1 1.14 (0.67 to 1.95) 1.32 (0.83 to 2.09) 0.99 (0.61 to 1.61) 0.64 0.55

Atherosclerosis
Cases 54 18 17 32
HR‡ (95% CI) 1 1.61 (0.88 to 2.95) 1.10 (0.62 to 1.95) 1.03 (0.64 to 1.67) 0.35 0.38

Cerebrovascular diseases
Cases 541 190 179 233
HR‡ (95% CI) 1 1.19 (0.96 to 1.48) 1.12 (0.92 to 1.36) 0.98 (0.80 to 1.19) 0.45 0.49

*Test for linear trend calculated by entering cumulative exposure as a continuous variable in the model.
†Test for linear trend calculated by entering cumulative exposure as a continuous variable in the model among ever low- and high-exposed subjects only.
‡Adjusted for age at baseline, sex, smoking, attained education level, alcohol consumption and body mass index.
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was not always available.4 7 13 Fourth, occupational histories were
available for 75% of the cases and 78% of the subcohort members
up to baseline. Since the average age at baseline was high (64 years
for the cases and 62 years for the subcohort, following the age
inclusion criterion of 55–69 years), and many subjects had already
retired (87% of the cases and 78% of the subcohort), it was pos-
sible to consider multiple exposure metrics that were lifelong for
most subjects. In earlier population-based cohort studies, a single
occupation was mostly used to determine occupational exposure,
potentially missing relevant periods with ELF-MF exposure.8 10

There were several limitations in this study. As in other epi-
demiological studies, the CVD outcomes were assessed through
the use of death certificates. These have been suggested to have
a high specificity but low sensitivity,21 22 indicating that death
certificates are likely to underestimate the number of cardiovas-
cular causes.22 However, this misclassification is likely to be
non-differential with respect to the exposure classification to
ELF-MF and, therefore, would not bias the results, yet would
limit the power of this study to detect an effect. The potential
loss of power in this study is being offset by the large size of the
cohort.

The cohort consists of an elderly, mostly retired population,
which limited the ability to look at effects of very recent and
concurrent exposure. Furthermore, occupational histories were
only available till baseline, meaning that there was no occupa-
tional information for the follow-up period (10 years). This may
have led to an underestimate of the occupational ELF-MF
exposure in the younger part of the population that has not yet
retired (13% of the cases and 22% of the subcohort). Since
these people would also have a lower risk of CVD mortality,
this might bias the results. This possible bias was investigated in
two ways. First, a stratified analysis was performed by those
who were retired at baseline, versus those who were still
working at baseline. Second, additional analyses were performed
in which the exposure was lagged 10, 15 and 20 years before
the end of follow-up. These analyses did not lead to different
conclusions (results not shown).

Last, although there are a high number of cases in the cohort,
the number of (high) exposed cases may be lower as compared
with industry-based cohorts. Also, the exposure assessment in
industry-based cohorts is often more detailed, using measure-
ments to implement an exposure classification for the jobs
within a certain industry.4 11

This study used a modified ELF-JEM based on a JEM devel-
oped by Bowman et al.18 In the modified JEM, subjects are
grouped semiquantitatively in background, low and high expos-
ure categories, rather than using original quantitative estimates.
This modification was necessary since the original JEM was
only intensity-based and did not necessarily reflect the probabil-
ity of exposure higher than background. The modified
ELF-JEM takes both the intensity and estimated probability of
exposure into account, but, therefore, necessarily became semi-
quantitative as quantitative estimates of probability of exposure
were not available. We performed additional epidemiological
analyses using the original ELF-JEM, and the results did not
change.

In conclusion, this study does not provide support for the
hypothesis that occupational exposure to ELF-MF increases the
risk of CVD mortality.
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