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ABSTRACT OF THE DISSERTATION
Occupational Electric Shocks, Electromagnetic Fields and
Amyotrophic Lateral Sclerosis
by
Ximena Patricia Vergara
Doctor of Philosophy in Epidemiology
University of California, Los Angeles, 2012
Professor Leeka Kheifets, Chair

This dissertation examines the association of neurodegenerative disehstsctic
occupations and evaluates electric shocks and magnetic fields exposures.efiostducted a
meta-analysis of occupational electromagnetic fields (MF) and newodeive diseases
(NDD) to systematically explore methodological differences betwstudies. Second, we
developed an electric shocks job exposure matrix (JEM) to characterize amtsipaposed to
electric shocks. Finally, we examined the association between occupateatiat shocks, MF
and amyotrophic lateral sclerosis (ALS) mortality.

We conducted a meta-analysis of epidemiologic studies on occupational MF exposure
and NDD. We found weak associations of occupational MF exposures with both AD and MND,
but not with Parkinson’s disease, dementia, and multiple sclerosis. Risk of develding M
was associated with electric occupations, while AD risk was associatedstimated MF
levels. Nonetheless, there is extensive result variation related to aspgatdyadesign, with
dissimilarity in this variation across diseases. Our results do not supportthi#-eglanation
for the observed electric occupation and MND association. Misclassificatthseaise,

particularly for AD, and imprecise exposure assessment affected mosesstudi



To evaluate a consistent association between jobs in “electric” occupationt Snavé
developed a comprehensive JEM that includes electric shocks and MF. Electricvebiacks
based on two data sources along with expert judgment. Main occupational groupseixjerie
the electric shocks were precision production, craft and repair occupationficpes with
high electric shock exposure were electrical apprentices, mechanic amdraplpers, hoist and
winch operators and electrical power installers. Examples of job titthdomr electric-shock
exposures were administrative support occupations, data-key entry operatoraitarsdamd
waitresses.

The relationship between occupational electric shocks, MF and ALS wasgavedti
using cases identified in 1991-1999 U.S. mortality data. For each ALS death, 10 sex-, age-
year- and region-matched controls were selected. We linked the usual occlggadibedron
the death certificate to a JEM with electric shocks and MF. Increasedatiddswvere observed
for ALS among those in electric occupations (OR=1.23, 95% confidence intery.al (@,

1.47). For electric shocks, ALS mortality odds ratios were 0.73 (95% CI: 0.67, 0.79) for high
exposure and 0.90 (95% CI: 0.84, 0.97) for medium exposure compared to low exposure. For
MF, ALS mortality odds ratios were 1.09 (95% CI: 1.00, 1.19) for high exposure and 1.09 (95%
Cl: 0.96, 1.23) for medium exposure as compared to low. However, ALS mortality edtreas

only in electric occupations with medium and low electric shocks exposures. Gaaeltd

support an association between electric occupations and ALS, but provide no evidetiie that

association is explained by occupational exposure to electric shocks or MF.
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1. Occupational Electric Shocks, Electromagnetic Fields and Amyotrophecdl&clerosis

I ntroduction

Over the past forty years, researchers have investigated neurodagemisaases and
occupational extremely low frequency magnetic fields (MF) and certaupations. In these
investigations, researchers primarily focused on Alzheimer’s diseak&déa’s disease and
amyotrophic lateral sclerosis (ALS). To a lesser extent, investigatmsued these exposures
with multiple sclerosis and other dementias as outcomes. Early occupationaidid3 provide
weak evidence of an association with MF. Within occupational ALS studies,igatess
observe a consistent association between “electric” occupations and ALSAlthough, they
do not understand which job exposures might be responsible for the observed association.

A loss of neuron structure or function characterizes neurodegenerative diseases
Dementias cover a broad spectrum of cognitive-related diseases, indlztiegner’'s disease
[6]. Tangles and plaques in the brain typify Alzheimer’s disease, the most commentide
After Alzheimer’s disease, Parkinson’s disease is the second most common geneodive
disease [7]. Involving cell loss in the neural pathway of the substantia nigra anttpreke
Lewy bodies, Parkinson’s disease causes uncontrolled body tremors. Among the nrotor neu
diseases, ALS is the most common. The invariably fatal disease causes tesspredoss of
function of both upper and lower motor neurons [8]. The group of neurodegenerative diseases
place undue economic and social burden on caregivers, family members and[8pcigone
of these idiopathic diseases can be cured and risk factors to prevent them amaninpoursue.

Electromagnetic fields are one of the most common, rapidly growing enviroament

exposures. Scientists designate electromagnetic field radiation as remngppossessing
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insufficient photon energy to ionize atoms or molecules within human tissue. Affgcted b
distance, shape of the source, and wavelength, scientists define electraniedteby
frequency ranges. The EMF spectrum covers a wide range of frequendiginmsub-
categories extending from 30Hz to 300GHz [10]. Electric power system soneiely produce
fields in the lower part of MF range while at the opposite end of the spectrumrissatdtite
communications, and microwave relay sources, which dominate high frequencyrfged ra
[11]. Electric fields, are measured in volt per meter, and magnetic fieldseasured in Tesla.
People can easily shield electric fields, present whether or not equipmeuiwexs whereas,
shielding magnetic fields is difficult.

Worker populations are often highly exposed compared to the general population or
residential exposures. Many chemical human carcinogens (e.g., aromaticanlgdns)
identified in the occupational arena, were later recognized as more genven@hmental
hazards. With important clues garnered from occupational exposures, advancé®ds rard
new approaches to epidemiology provide valuable input to understanding the associations
between workplace exposures and neurodegenerative diseases.

Workforce demographics have shifted over the last fifty years. The Unitiss Stareau
of Labor Statistics (U.S. BLS) projects a rise in active workers aged 56 gieaore, reaching
nearly 42.8 percent in 2016 [12]. A combination of higher average worker age and increased
time to retirement will lead to rise in age-related degenerative disaagpacting workforce
productivity and the economy. Longer human lifespan lead to increased prevalence of
neurodegenerative diseases, in particular. The culmination of these faotivetes public
health professionals to pursue the etiology of neurodegenerative diseasegsmthad#terature

to date.



Exposure assessment—including the use of job exposure matrices (JEMs)—aemains
major challenge in occupational EMF epidemiology. Over the past 15 yesaarchers
improved assessment by creating JEMs. To create a MF JEM, reseaameéine resultant MF
data with activity records, to calculate either the time-weightechgediT WA) of the magnetic
field or use other metrics. Investigators consolidate personal measurem&WaaviF by
occupational titles. Thus far, researchers have constructed MF JEMs foc eti@dy workers
[13, 14] and for the general population [15, 16] using extensive full-shift measurenvemtece
with MF meters, sampling an approximated “resultant” field every fewnsisc

Spatial and temporal MF variations and lack of biological mechanism challeregtigators
in finding an appropriate exposure metric for electromagnetic field stidseslly, MFs are
averaged over a period of time such as a full shift. Electrical workers, persdasgmnear
machines with electric motors, and welders have MF TWA measurements in@wee4.0 uT
[17]. Industrial hygienists classify these workers as highly exposed tddWwever, workers
may change physical positions, altering exposures perhaps causing spikassorRigysical
location may place typically low exposed workers in higher MF. For example,ie@ wiirker
working above a transformer may actually have high MF exposure. Even thoughaphysic
movement may alter exposures, e.g. causing peaks, the full-shift TWA ereasis have been
used to represent MF exposure in the workplace.

Magnetic fields, electric fields, contact currents, microshocks, andgidiie electric
shocks contribute to the extremely low frequency electromagnetic fieicbament, of which
MF are only one aspect. An electrical shock is a “physiopathologicat egfadting from direct
or indirect passage of an external electrical current through the body” [18h mihiz over-

stimulate the nervous system or damage organs [19]. Unlike MF, electric sheakd directly
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measurable in a worker population. Gleaned from the electric utility enveranelevated
electric fields induce greater internal body currents than elevatgdeatiafields. Electric shocks
induce far greater internal body currents than elevated electds, fadbeit very briefly. Medical
scientists and engineers describe electric shocks circumstarfeesndliy in the literature.
Medical researchers separate injuries into low and high voltage; whergaeers may describe
additional factors such as source frequency [19, 20]. Primary to understanding pb&entitd
human tissue and workplace injury prevention, public health scientists must deftrie elec
shocks and identify characteristics such occupations, tasks, and circumstangesg.of
Complex circumstances surround electric shocks. Severity and perceptiomhaffec

capture of workplace shock injury reports. Shock severity depends on the followorg:fac

e voltage level,

e current passing through a person’s body,

¢ the body’s resistance,

e the path through the body,

e the shock duration

e the source frequency [21].
Electric current (Alternating Current (AC) or Direct Current (DG)Jl akin tissue electrical
properties, altered by tissue damage, sweat and personal protective equipriigdigteamine
the physiological effects of electric shocks [22]. At 60Hz frequencifestefof AC passing
through the human body range from imperceptible to producing “not let go” responaegdiac ¢
arrest (2 A) [19]. Injury reports likely capture the most severe, pristeogk cases.
Conceivably, a worker may not report an electric shock event at lower curr@eiceived

physical effects. Mild to moderate workplace accidents may be conypteieded, if a worker
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had mild pain or no direct physical harm. Given the ranges in severity and shock peycepti
reported injuries available at the national level likely underestimateiithextent of electric
shocks in the workplace.

Currently, the biological mechanisms of action for electric shocks and d/jEsir
hypotheses. Electroporation, Joule heating, and electroconformational proteirscuanieee
posited mechanisms through which high electric fields (60 V/cm — 160 V/cm $iyeagse
damage to skeletal and peripheral nerve membranes [23, 24]. In electroporatieatrarfield
creates pores within the membrane lipid bilayer. The pores allow ions and BijAdnts to
pass. In Joule heating, the tissue converts current to thermal energy. i posited
mechanism, electroconformational change, strong electric fielligir¢iae charged amino acids
within membrane proteins. The realignment makes potassium channels and otiest char
membrane structures vulnerable. Scientists have postulated several biohegicanisms for
MF including reactive oxygen species, disruption of melatonin levels and calcammaeids [25].
In particular, biological mechanisms for neurodegenerative diseasekeetnit shocks and MF
remain theories.

For study of neurodegenerative diseases, epidemiologists have used obsestatignal
designs such as proportionate mortality studies, for hypothesis generationoto for
evaluating relationships between exposures and disease. Due to thef regityodegenerative
diseases like ALS, investigators used case-control design to ensure adequate of cases
within strata, despite the often-cited limitations. Unlike countries witeges registries, the
United States (U.S.) has no concerted nationwide effort to track diseasesgcentiyrmitiating
an ALS disease registry [26]. Publicly available death records presemsth&obrce

information for fatal diseases in the U.S. However, death records containl linfdemation on
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occupation and industry, which are a proxy for many workplace exposures. Changes in
diagnostic criteria and disease duration make death records problematiegiigating

relationships for Alzheimer’'s and Parkinson’s disease.

Dissertation Topics

Within this research context, | will direct my dissertation towardetlotgectives to
advance the field of occupational MF epidemiology. In Chapter 2, | presenaanaysis of
occupational EMF and neurodegenerative diseases and to systematicaltg epplemiologic
methodological differences between studies. In Chapter 3, | describe aic stemtk JEM
created to characterize occupations exposed to electric shocks. | exanaissothiation

between occupational electric shocks, MF and ALS mortality in Chapter 4.
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2. Occupational Exposure to Extremely Low Frequency Electromagndtis Bied

Neurodegenerative Disease: A Meta-Analysis

Introduction

Populations are aging and neurodegenerative diseases are becoming mtgetprBya
2040, neurodegenerative diseases are projected to become the second most common cause of
death [1]. Research investigating extremely low frequency magredtls {EMF) and risk of
neurodegenerative diseases has focused mainly on Alzheimer’s diseasar({@&Bjnyotrophic
lateral sclerosis (ALS, a type of motor neuron disease (MND)), and teea k2gent on
Parkinson’s (PD), multiple sclerosis (MS) and more broadly defined dementias.

According to several scientific review committees, occupational ADestyatovide
weak evidence of an association with MF [2] [3]. The strongest assocatere reported by
two clinic-based studies from one group of investigators [4, 5], whereas evidencedirom f
population-based studies [6-9] taken together does not appear to support an assowiegten be
MF and AD. Later studies appear inconsistent with relative risk estimzatgsg from below
one to four [10-14].

Strong associations among those employed in “electrical occupations” and ¥&.S ha
been noted in several clinic- and population-based studies, especially amoadytsaudies
[15] [16-20]. In a 2003 review, authors recommended improved exposure assessment to aid
interpretation of the association observed between occupational power frequency
electromagnetic fields and ALS [21]. Studies of EMF exposure estimateddboexposure
matrices (JEMS) [10, 11, 22] have been less consistent. More recently, two gtQH[28]

reported MF exposure associated with ALS, but possible confounding due neurotoxins for
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welders in one study was proposed as an explanation. Thus, increased ALS risk has been
consistently observed among “electrical occupations”, but less so for estiMat Lastly,
epidemiologic studies have not provided evidence of a connection between high occupational
MF exposures and PD [8-13, 22-24].

A systematic review of eight occupational MF studies published between 2000 and 2005
concluded that there is evidence for an association between MF exposure and neearatiege
disease risk [25]. A 2008 meta-analysis examined 14 studies on occupational MF and AD,
reporting elevated risks, but with heterogeneity in subgroup analyses arulippssi
publication bias [26]. Since then, six new occupational studies on MF and neurodegenerat
diseases have appeared in the literature [13, 14, 23, 27-29].

We conducted a meta-analysis of occupational MF exposure and neurodegenerative-
diseases (including AD, MND, PD, MS and dementias). In an attempt to evhlea#ference
between different exposure proxies we also included in our meta-analysis antaig#te
studies that did not specifically examine MF but that examined occupations vétitialby high
magnetic fields, based on the recently developed comprehensive JEM [30].

Methods
Literature Search

We identified relevant peer-reviewed published articles using bibliographarch
engines in PubMed prior to January 12, 2012. Our initial search criteria included coomsinati
of "neurodegenerative", "alzheimer", "amyotrophic lateral sclerdgarkinson”, "dementia”,
"multiple sclerosis”, or "motor neuron" and "EMF", "magnetic fieldfetéric field",
"occupation”, "electromagnetic”, "job", "welders", "workplace exposwe"work-related

exposure”. We also searched using specific two-word keyword combinations, inclueled ot
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reviewed studies based on our personal files and on references cited irckbe ideitified
from PubMed. A total of 197 potentially relevant articles on neurodegenerataseiwere
identified through our literature search, and 3 were added from referencesmdtdified
articles.
Inclusion Criteria
We selected the final articles for analysis based on thpseri inclusion criteria: 1)

related to well-defined occupations or tasks exposed to extremely low frgquagaetic fields
or 2) an assessment of MF exposure via job exposure matrix, historic measurenpart)ral
exposure measurements or 3) both and the following neurodegenerative dise&meseunnon
disease including amyotrophic lateral sclerosis, multiple sclerosldnBan’s disease,
Alzheimer’s disease and other dementias. We included any observationaliefnde articles
written in the English language that provided estimates of association of acoapaties or
tasks with high magnetic field exposures and/or occupational magnetic fieldisego#n case
of studies with overlapping populations, we included articles with the most detgqteti ogbthe
study population.
Exclusion Criteria

Upon further review, we excluded articles with the following issues: 1) poorly
broadly defined occupational groups, e.g. manual workers, or unrelated to MF espesure
pesticides, 2) unrelated to prevalence, mortality or incidence of diseaseiedy articles, 4)
laboratory mechanisms, 5) clinical applications or 6) non-epidemiologic stugideaised on
caregiver roles or practitioner considerations. We found two residential eg@bdsdies [31]

[32] , one of which also examined occupational exposures.
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Search results

Of all articles, 158 were excluded because they were not epidemiologesstod5),
they did not include any outcome of interest (n=11), did not include relevant occupattons w
MF exposure (n=50) (Figure 2-1.). Forty published articles were included in thenkte
analysis; one article [4] was treated as 3 different studies becausaihedrthree different
study populations. Table 2-1 summarizes 44 studies that were considered for theafysas a
[4-11, 14, 16-19, 22-24, 27-29, 32-54]. The cross-sectional study [32] and proportionate
mortality study [38] were examined in separate analyses, only caget@nd cohort studies are
presented below.
Data Extraction

Standardized procedures were developed to extract both study charast@nidtic
relative-risk estimates. Based on these procedures, we extractedipolyear, study location,
study design, type of outcome (mortality, prevalence or incidence), souteemittome
information (death certificates or clinical pathology/diagnostic inforongtibasis of
occupational information (representative job or several jobs), source of occupatiormahtion
(registry/census, interview or work history), exposure assessment matbbdsife, industrial
hygiene (IH)/ JEM or MF measurements), covariate adjustment, and funding source
(government/foundation, industry or not mentioned) from the selected studies. We atso code
additional bases of estimates, such as gender specificity, types of casgolgot applicable,
relatives or friends, other neurological diseases included in controls, other nexaicdiggases
excluded, or population-based), whether the estimate was MF level- or occugétebased,

and whether only selected results were reported in the article. Afteregremakent coding by
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several co-authors, we compared and discussed extracted information, to buihdesse
each coded characteristic used in the analysis.

When possible, we coded covariate adjustment (age, sex, race, socioeconasar stat
education, calendar period, residence or region, or other covariates). We éxtracte¢han
one type of relative risk if the study reported several exposure metricsstngates for
occupational titles and MF levels. Estimation of magnetic field expostiszi\@etween studies
from career exposure or cumulative exposure in (U T-years) to averagepgusxduring
occupation (UT)). We combined separate estimates based on two expert jsdgmene study
[6]. The highest exposure levels were used for each exposure metric reported wédémamor
one estimate was given. For studies reporting results for many occsdatoi?2], we
extracted estimates for all occupations with high MF exposure, defirextagations with MF
time-weighted averages (TWA) greater than 0.3 uT in the Bowman et. al3lHEMWe
examined studies to include MF exposure proxies specified as well-defowgus gif workers
(e.g. welders), specific tasks (e.g. welding) or exposures (e.g. wéldrag) and with more
than five observed deaths/cases. We extracted numbers of exposed cases andoeosiols
time or persons for each of the exposure levels.

Because ALS makes up 90% motor neuron disease and numerous studies report ALS
synonymously with MND, we grouped ALS into MND for our analysis. Where possible
examined AD as a distinct outcome, but study definitions of dementia varied.

Statistical Analysis
For each outcome, we used inverse-variance weighting under both fixed- and random-

effects models to estimate summary relative risk [55]. For each outcenamalyze
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heterogeneity of log relative risks using test of homogeneity,fataditon on study
characteristic, and meta-regression methods [56, 57].

We analyzed publication bias using the Egger regression asymmetry testrfelr jlots,
based on weighted regression, and Begg-Mazumdar test, based on ranked correlatioV¢s8]
examined the influence of each specific study on the overall estimate tiyngrone study at a
time.

To combine multiple risk estimates per study, we used generalized leasssqubee
Stata glst command [59] [60]. We created one dose variable per “occutbttiree or four
categorical doses for each MF level. For studies with several occupditiesalwe examined
each reference level and inputted the maximum of exposed cases and consahstiper or
persons for each risk estimate. Fourteen studies did not contain enough basic data count
include in these analyses [8, 9, 13, 14, 18, 19, 24, 35, 37, 44, 47, 48, 52, 61]. We used Statal?2

(StataCorp, College Station, TX) for all statistical analyses.

Results
Study Overview

Of the 42 analyzed studies in Table 2-1, 20 were of Alzheimer’s disease, 21 of motor
neuron disease (MND) including ALS, 18 of Parkinson’s disease (PD), 9 of dementia and 5 of
multiple sclerosis (MS). The earliest published study year was 1983 and sh@@die. All
included studies were either case-control (n=27) or cohort design (n=15). Nioetepational
studies came from the United States (U.S.), 15 from Nordic countries, with addstiotials
from Germany, Switzerland, Netherlands, South Korea and the UK. All repstiedies were

adjusted for age and sex. Additional adjustments were made for socio-ecorbnsi©sits
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proxy (education or schooling) in 24 studies, for residence or region in 21, for calendedrmpe
15, and for race in 7 studies. Sixteen studies adjusted for miscellaneous cosadiatas
employment duration, alcohol use, exposure to solvents or polychlorinated benzenes; vascula
disease, and parental dementia. Nearly 40% of studies examined prevalealceldrd%
examined mortality, with most diagnoses from clinical pathology/diagna#icia (n=30). Of
the 22 MND or AD case-control studies, few excluded other neurodegeneratisedifean the
controls (n=8) and few used population controls (n=5). Over half of the studies cbllecte
information on several jobs, of these only 3 used MF measurements. Exposure in 1stsidies
based on a representative job classified MF levels by JEM or industriahbyageessment
(n=9).

Small associations for MND (Rg = 1.26, 95% CI: 1.10 — 1.44) and AD (RR=1.27
(1.15 — 1.40) were present in both fixed and random effects models, which are higher for random
effects models, as expected given the large heterogeneity [62]. Theneongsgociations for
dementia, MS and PD (data not shown). Of these, only for dementia and PD had atufficie
number of studies to allow more in depth analysis. Information on study chatatdar the
18 PD studies and 9 dementia studies (Table 2-2) reveals no patterns of ifteresbr the
remainder of this paper we focus on random-effects analyses of MND and ADor&steplot
(Figure 2-2) presents the relative risks and 95% confidence intervals for PlakidN20
Alzheimer’s disease studies.
Study Characteristics

As seen in Table 2-3, there was consistent variation in relative-riskagss with type of
outcome measures, basis of occupational coding and exposure assessment methods for

determination of MF levels. Estimates were highest for prevalenceimsdsr both MND (RR
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=2.03, 95% CI: 1.22-3.37) and AD (RR = 2.15, 95% CI: 1.52-3.06), respectively, and for
estimates based on either occupational titles or MF levels. For MND, stutheowntrols
selected from relatives and friends had the highest estimates (RR = 2.23, 95%91.51).
Sex differences could not explain this heterogeneity because few $aalissd on women.

We examined magnitude and direction of associations using multiple metssregre
particularly for type of outcome, source of occupational information, expossessasent
methods and basis of occupation. Meta-regressions (Table 2-4) exhibited daaor&ésBsand
AD associations for exposure assessment methods after individually adjasiegdpational
information and source of disease outcome. Adjustment for study design reduced both MND
and AD associations for both source of outcome and type of outcome. Prevalencedremaine
strongly associated with both MND and AD regardless of adjustment for study @esi
exposure assessment. Source of study funding accounted for some degree of hi#yerogene
between studies and decreased AD associations for exposure assessmentaid sour
occupational information. Meta-regressions increased MND and AD associatitiesi®of
occupation with adjustment for source of the occupational information.

Exposure Estimation

Of all studies, 57% occupational information came from interview data. Associat
derived from interview and work records were similar. About half of the studies had no MF
exposure assessment, 43% used classification tables or JEM, and 12% industnal ieyggsv.
Studies with industrial hygiene exposure evaluation exhibited higher religkvestimates
(RR=2.5, 95% CI: 0.63-9.97 for MND RR=2.21, 95% CI: 1.19-4.11 for AD).

We stratified estimates by either specific electric occupatioMfdevels. Overall, we

observed no association between MND and MF levels, but elevated relative riskéDoand
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occupational titles. The opposite was observed for AD elevated reiatigdor AD and MF
levels, but not for specific occupational titles. The same pattern was obsengderseralized
least squares trend (Table 2-5).
Publication Bias and Influence Analysis

There was some asymmetry in the funnel plots, with smaller studies tendingeto hav
positive associations for both MND and AD (Figure 2-3) and by Egger’s test (p=085)'s
test gave p =0.157 for MND and p = 0.018 for AD. These results suggest that some portion of
the positive associations observed is due to publication bias favoring positive studies. Whe
stratified by exposure assessment methods, we found publication bias among AP sisdd
on industrial hygiene/JEM (p=0.004) and MND studies with no MF exposure assessment
(p=0.048) by Egger’s test. Within subgroups of occupational information, we found publication
bias in AD studies using interview/questionnaire (p=0.006) and MND studies using
registry/census/death certificates (p=0.052) (Table 2-6). When wadexictelectively reported
estimates, evidence supporting publication bias in AD studies diminished (data not. 8hlewn)

detected no especially influential individual studies for MND or AD. (Figure 2-4)

Discussion

We observed moderate associations between indicators of occupational MF exposure
and both MND and AD, and no association between MF and other neurodegenerative outcomes,
such as dementia, MS and PD. We found relatively few dementia and MS studies, hdieever.
observed increase in risk for MND in studies using occupational titles buasecteisk for AD

in studies using MF levels. Our results suggest that AD results might be due tafblbias.
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Complete occupational exposure assessment consists of full work history with persona
MF exposure measurements within each job held [63]. Because this is not feasabllsttaties,
researchers use alternative methods such as industrial hygiene judgjobrexgurosure matrices
to assess exposure. Positive AD studies, using these methods, tended to be published. We found
evidence of publication bias among MND studies without measurements or expaatienal
Since NDD affect memory and cognition, we would expect recall bias ospeictive
occupational histories based on subject interviews. Although we found similarlyeeleva
associations for both MND and AD in interview- and work records-based studies, we found the
possibility of publication bias in AD interview/questionnaire-based studiesmiBaton of
exposure-related study characteristics suggests publication bias witludiBsstIn light of
these findings, efforts should be made to encourage publication of well-descithedtamal
epidemiology studies including those with null results.

Disease classification and definition likely contribute to heterogehettyeen studies.
Lacking NDD registries, most occupational studies rely on mortaktyrds, which underreport
AD [64, 65]. Only severe AD is likely to appear on a death certificate [64]. Bhiaation
between AD and dementia may differ between clinical studies [66]. InadeA& may be more
susceptible to disease misclassification than MND. Another weakness in N&iBsst control
selection, diagnoses made in hospital-based settings can potentiallyniggatents with
vascular or senile dementias among controls.

Prevalence was most associated with both MND and AD. Because ALS has short
average disease duration and high fatality rate, we expected maetdgywould provide a
reasonable proxy for ALS incidence. We noted similarly increased reletksebetween MND

and both incidence and mortality. With wide-spectrum AD, long disease duratioth ieadlto
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higher population prevalence. Outcome measures explained some of the variahigégnbe
studies.

Stronger associations in studies with MF measurements, complete worl hestands
and clinical pathology/diagnostic information, respectively, lend some suppart fgsociation
between AD and MF. Lower risk in incidence studies, on the other hand, argue for bias as an
explanation for high prevalence estimates. Reporting and publication biaskipddyns the
clinical pathology/diagnostic criteria information observation for AD.

MND associations were stronger for electric occupations comparedrtaestifor MF
levels. Positive associations using occupational title proxies may beuodefb by co-exposure
to neurotoxic agents or potential NDD risk factors, e.g. welding fume<far Polychlorinated
benzenes (PCBs) for PD or ALS [67]. Electric shocks are suspectedatisisfior ALS in
electric occupations. Unfortunately, no MND study accounted for elebtrzcks and one study
accounted for exposure to PCBs.

Our review was limited to English-language publications. It is possiblehiisdirhitation
contributed to the publication bias we noted, since studies finding no association midge wel
more likely to be rejected from journals in this pool and eventually appear in unihcleren-
English journals. Another limitation of our study and any meta-analysis is tiaioths about
variable definitions, reference groups, metrics and cutpoints made by authw ®riginal
studies may have introduced some bias. Some of these limitations could be shgulati
addressed via sensitivity or bias analysis, which would largely expand thelietmaates for
the associations [68, 69]. Such analyses require considerable labor to implemgatcanad s
report, however, and may not be justifiable given the large uncertaintgyappessent, at least

until the publication bias issue is resolved.
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Conclusions

We provided a systematic summary of the literature on occupational MF and
neurodegenerative diseases, which included a large number of occupational stachesl wit
without measurements. Overall, we observed moderately increased nsktestior MND and
AD studies, but considerable heterogeneity, which appears to be at leady @ttiblitable to
methodologic differences among the studies. MND associations were stronger us
occupational titles, while AD associations were higher using MF levels. Qultgsuggest that
AD finding is due to publication bias for AD. Misclassification of disease coupl&d w
imprecision related to exposure assessment likely affected all studies.

In light of these problems, we believe that conclusions about the relations of cmeabpati
MF exposure to neurologic disease will require improvement in exposure asse$sment
example inclusion of female worker measurements, examination of eaigks and disease
classification), as well as more complete reporting of results regaadlassociation observed.
Such improvements will be expensive, but until these improvements are made, ahe ditenl|
remain too heterogeneous and potentially biased to draw reliable inferences falotaibéf
occupational MF exposure. Because the associations we observed indicatel pistes)tiae

suggest that improved studies are needed.

21



Table 2-1. Main characteristics of occupational epidemiological stirdikgled in meta-analyses of MF and neurodegenerative diseases

Author [Ref] Year Typeof Diagnosis' Country Study design CovariateS  Funding source Exposuremetrics  Type of outcome Sour ce of outcome Basis of Sour ce of the Occupational exposure Selective Control
measure information occupational occupational assessment reporting selection®
exposure exposur einformation
Andel [29] 2010 OR AD, DEMENTIA Sweden case-control 1,2,3,8 Gov't/Found. MF level Prevalence Qbathology or dx Represent. job Interview/Quest. s€ldable/JEM No 1
Buckley [44] 1983 SMR MND UK cohort 1,2,4,5 Gisvound. Occ. Title Mortality Clin. pathology or dx  Represent. job Registry/Death Cert. Not done/WhR/ No 0
Davanipour [14] 2007 OR AD USA case-control 1,285 Gov't/Found. MF level Prevalence Clin. pathglog dx Represent. job Registry/Death Cert. Clasble/JEM Yes 2
Davanipour [16] 1997 OR ALS USA case-control 1,2 ot Wentioned MF level Prevalence Clin. pathologgor Several jobs Interview/Quest. IH review Yes 1
Deapen [17] 1986 OR ALS USA case-control 1,2 Gbolind. Occ. Title Prevalence Clin. pathology or dx Represent. job Interview/Quest. Not done/Unk./N.A. No 1
Dick [34] 2007 OR PD Multi-country case-control 25,8 Gov't/Found. Occ. Title Prevalence Clirthpbogy or dx Several jobs Interview/Quest. Not elumk./N.A. No 3
Fang [41] 2009 OR ALS USA case-control 1,2,385, Gov't/Found. Occ. Title Prevalence Clin. pathglog dx Several jobs Interview/Quest. Not done/UNIA. No 4
Feychting [7] 1998 OR DEMENTIA, AD Sweden case-coht 1,2,3 Gov't/Found. MF level Prevalence Ctiathology or dx Several jobs Interview/Quest. Clasble/JEM No 1
Feychting [22] 2003 RR AD, ALS, MS, PD, Sweden cohort 1,2,3 Gov't/Found. Both Mortality edth cert. Several jobs Registry/Death Cert. Cleaisle/JEM No 0
DEMENTIA
Firestone [45] 2010 OR PD USA case-control 1,7, Gov't/Found. Occ. Title Incidence Clin. patiyy or dx Several jobs Interview/Quest. Not dorre{IIN.A. No 3
Fored [42] 2005 RR PD Sweden cohort 1,2,3,4,5 ndustry Occ. Title Incidence Clin. pathology or dx  Several jobs Registry/Death Cert. Not done/Unk./N.A No 0
Fryzek [52] 2005 SIR PD Denmark cohort 1,2,4 sty Occ. Title Prevalence Clin. pathology or dx vé&al jobs Work history records Not done/Unk./N.A. No 0
Graves [6] 1999 OR AD USA case-control 1,2,3 @bound. MF level Incidence Clin. pathology or dx evBral jobs Interview/Quest. IH review No 3
Gunnarsson [18] 1992 OR MND Sweden case-control 2 1, Gov't/Found. Occ. Title Prevalence Clin. pathglog dx Several jobs Interview/Quest. Not done/UNIA. No 4
Gunnarsson [19] 1991 OR ALS Sweden case-control 2,4, Gov't/Found. Occ. Title Mortality Death cert. Represent. job Registry/Death Cert. Not done/Unia/N No 4
Hakansson [10] 2003 RR AD, ALS, MS, PD Sweden cbhor 1,2,3 Industry MF level Mortality Death cert. eiral jobs Registry/Death Cert. Class. Table/JEM o N 0
Harmanci [32]1 2003 OR AD Turkey cross-sectional 3%, 8 Industry MF level Prevalence Clin. patiggior dx Represent. Job Interview/Quest. ClassleldbM Yes 0
Johansen_a [24] 2000 RR PD, DEMENTIA, Denmark cohort 1,2,4,8 Industry Both Incidence lin.@athology or dx Several jobs Work history ret Class. Table/JEM No 0
MND
Johansen_b [37] 1999 SIR MS Denmark cohort 1,2,4 Industry Occ. Title Incidence Clin. pathology or dx  Several jobs Work history records Class. Table/JEM No 0
Kirkey [46] 2001 OR PD USA case-control 1, 2,475, Gov't/Found. Occ. Title Prevalence Clin. patlyglor dx Several jobs Interview/Quest. Not done/UMIA. No 3
Li [47] 2008 SIR MS Sweden cohort 1,2,3,4,5 Bbound. Occ. Title Incidence Clin. pathology ar d Several jobs Registry/Death Cert. Not done/UniA/N No 0
Li [48] 2009 SIR PD Sweden cohort 1,2,3,4,5 Bbound. Occ. Title Incidence Clin. pathology ar d Several jobs Registry/Death Cert. Not done/Unl&/N No 0
McGuire [49] 1997 OR ALS USA case-control 1, 2538 Gov't/Found. Ocec. Title Incidence Clin. patg or dx Several jobs Interview/Quest. Not donddUh.A. No 4
Noonan [11] 2002 OR AD, ALS, PD USA case-control 213,7 Not mentioned Both Mortality Death cert. epResent. job Registry/Death Cert. Class. Table/JEM No 3
Park [12] 2005 MOR AD, MND, PD, USA case-control 1,2,3,57 Not mentioned Both ortsllity Death cert. Represent. job Registry/Deadint. Class. Table/JEM Yes 3
DEMENTIA
Park [54] 2005 OR PD South Korea case-control 3,88 Gov't/Found. Occ. Title Incidence Clinthmdogy or dx Several jobs Interview/Quest. Not elunk./N.A. No 3
Parlett [28] 2011 HR MND USA cohort 1,2,3 Not rtiened MF level Mortality Death cert. Represenh jo Interview/Quest. Class. Table/JEM No 0
Qiu [33] 2004 RR AD, DEMENTIA Sweden cohort 1,28 Gov't/Found. MF level Incidence Clin. patholagydx Several jobs Interview/Quest. EMF Measuresien No 0
Roosli [23] 2007 HR AD, ALS, MS, PD, Swiss cohort 1,2,4 Gov't/Found. Both Mortality difecert. Several jobs Work history records EMF 8leements No 0
DEMENTIA
Salib [53] 1996 OR AD UK case-control 1,2,4,5,8 Not mentioned Occ. Title Incidence Clin. patholagydx Several jobs Interview/Quest. Not done/UXky. No 3
Savitz_a [9] 1998 OR AD, ALS, PD USA case-control ,213,4,7 Not mentioned Occ. Title Mortality Deaert. Represent. job Registry/Death Cert. Naotedonk./N.A. Yes 3
Savitz_b [8] 1998 RR AD, ALS, PD USA cohort 1,2435,8 Industry MF level Mortality Death cert. evigral jobs Work history records EMF Measurements o N 0
Schulte [38]f 1996 PMR DEMENTIA, MND, USA PM study 1,2,7 Not mentioned Occ. Title Métya Death cert. Represent. Job Registry/Death.Cert Not done/Unk./N.A. Yes 0
PD
Seidler [27] 2007 OR AD, DEMENTIA Germany case-goht 1,2,5,8 Gov't/Found. Both Prevalence Clismthplogy or dx Several jobs Interview/Quest. Clashle/JEM Yes 3
Sobel [5] 1996 OR AD USA case-control 1,2,3 Gé&dund. MF level Prevalence Clin. pathology or dx  epFResent. job Interview/Quest. Class. Table/JEM Yes 2
Sobel_1 [4] 1995 OR AD Finland case-control 1,53 Gov't/Found. MF level Prevalence Clin. pathglog dx Represent. job Interview/Quest. IH review esY 2
Sobel_2 [4] 1995 OR AD Finland case-control 1,53 Gov't/Found. MF level Prevalence Clin. pathglog dx Represent. job Interview/Quest. IH review esY 3
Sobel_3 [4] 1995 OR AD USA case-control 1,2,3,5 Gov't/Found. MF level Prevalence Clin. pathologylrr Represent. job Interview/Quest. IH review Yes 4
Sorahan [13] 2007 RR AD, MND, PD UK cohort 1, 243, Industry MF level Mortality Death cert. Several gob Work history records Class. Table/JEM No 0
Stampfer [50] 2009 MOR PD, AD, MND, USA case-control 1,2,4,57 Industry Occ. Title Mortality Death cert. Represent. job Registry/De@drt. Not done/Unk./N.A. No 2
DEMENTIA
Strickland [39] 1996 OR ALS USA case-control 1528 Gov't/Found. Occ. Title Prevalence Clin. p&ibg or dx Several jobs Interview/Quest. Not dorre{IIN.A. Yes 3
Sutedja [43] 2007 OR ALS Netherland case-control 2,B8,8 Gov't/Found. Occ. Title Incidence Clinthmdogy or dx Several jobs Interview/Quest. Not elunk./N.A. No 1
Tanner [51] 2009 OR PD USA case-control 1,2,87, Industry Occ. Title Prevalence Clin. pathologylr Several jobs Interview/Quest. Not done/Unk&/N. No 1
Weisskopf [40] 2005 RR ALS USA cohort 1,2,3,8 teentioned Occ. Title Mortality Death cert. Repenas job Interview/Quest. Not done/Unk./N.A. No 0
Notes:

! Disease Abbrevations: AD = Alzheimer's Disease, AL8myotrophic Lateral Sclerosis, MND = Motor NearBisease, PD = Parkinson’s Disease
2Covariates: 1 = Age, 2= Sex, 3 = SES or EducationCalendar period/year, 5 = Residence/regioniran/Rural, 7 = Race, 8 = Other Covariates
3Control Selection: 1 = N/A (cohort study), 2 = &éles or friends, 3 = Other neurological diseaselsided, 4 = Other neurological diseases excludedPopulation-based

Abbreviations: Clin. = Clinical; Dx = Diagnosis; Found. = Foundatj IH = Industrial hygiene; JEM = Job Exposure iatN.A. = Not applicable; Quest. = Questionnaidak. = Unknown
T These studies are presented for completenesgahaded in the final analysis.
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Table 2-2. Pooled risk estimates for Dementia and Parkinson’s diseasey(8tDJlyocharacteristics

Study _ o Dementia PD
Characteristics Coding Description ) _ p- 95 % _ p- 95 %
No.! Combined RRge value? Range® No.! Combined RRge  valué? Range®

Location us 5 1.07 (0.95 -1.19) 0.456 1.29 20 1.00 (0.92 -1.10) 0.022 1.43
Europe 18 0.98(0.88 —1.09) 0.133 15 0.93(0.833) 0.636
Other - - - 2 0.51(0.23-1.11) 0.050

Study design Case-control 12 1.07 (1.00-1.16) 9.7 - 22 0.98(0.90-1.12) 0.019 1.41
Cohort 11 0.91 (0.86 — 0.96) 0.013 15 0.95(0.8405) 0.335

Basis of occupation Representative job 7 1.07 (0.99 -1.16) 0.477 - 16 1.02 (0.93-1.12) 0.045 1.46
Several jobs 16 0.92 (0.86 -0.97) 0.178 21 0.9336.1.01) 0.168

Occupational source ceiﬁi%izitt{ey or census or death 7 1.00 (0.92 — 1.10) 0.004 1.41 22 0.99 (0.93-1.07)  0.039 1.38
Interview 9 1.19 (0.93 - 1.52) 0.408 6 0.76 (0.5298) 0.211
Work history records 7 1.20 (0.88 — 1.65) 0.369 9 .92(00.77-1.10) 0.518

Exposure assessmeniNo exposure information 1 1.03(0.77-1.39) - 158 20 0.94(0.85-1.03) 0.085 137
Classification/JEM or IH 16 1.04 (0.92 - 1.16) B02 12 1.00 (0.90 - 1.10) 0.105
EMF measurement 6 1.19 (0.90 — 1.56) 0.126 5 DOr(-1.29) 0.330

Type of outcome Mortality 11 1.02(0.95-1.12) 0.006 1.41 25 1.00 (0.93-1.09) 0.052 1.40
Prevalence 7 1.35(0.95 -1.91) 0.963 4 0.87 (0.685) 0.897
Incidence 5 1.04 (0.78-1.38)  0.063 8 0.87 (0.7608) 0.122

Outcome source Death certificates 11 1.02(0.92-1.12) 0.006 1.44 25 1.00(0.93-1.08) 0.052 1.38
Clin., Path, dx info 12 1.16 (0.93 —1.44) 0.351 120.87 (0.77-0.99) 0.360

Funding source Gov't or foundation 15 1.04 (0.90 — 1.20) 0.138 1.58 13 0.93(0.83-1.04) 0.117 1.30
Industry 4 1.02 (0.79 - 1.32) 0.304 9 0.89 (0.8099) 0.445
None or unknown 4 1.10 (0.92 - 1.30) 0.327 15 10086 —1.14)  0.303

Selective reporting Yes 8 1.09 (0.96 — 1.24) 0.669 1.33 13 1.02 (0.92 -1.12) 0.725 1.34
No 15 0.98 (0.89 — 1.09) 0.072 24 0.93(0.86 —)1.010.017

Sex of risk estimates  Both 13 1.12 (0.99 — 1.26) 259. 1.36 13 0.93 (0.83 — 1.05) 0.205 1.42
Male 7 0.98 (0.86 — 1.23) 0.193 23 1.00 (0.92 91.0 0.039
Female 3 0.92 (0.76 — 1.11) 0.701 1 0.80 (0.54816)1. -

Basis of risk estimate MF level 11 1.01(0.90-1.14) 0.006 1.46 9 1.01(0.89-1.14) 0.046 1.37
Occupational title 12 1.09 (0.94 — 1.26) 0.458 28 .95(00.88 —1.03) 0.152

Control Selection Not applicable 11  0.91 (0.86 — 0.96) 0.088 - 15 0.94(0.86-1.05) 0.335 1.29
Relatives or friends 3 1.31 (0.82 —2.08) 0.615 1 .0110.57 - 1.80) -
Other neuro. diseases included 1 1.03 (0.86 —1.24) - 1 0.85(0.71 - 1.02) -
Other neuro excluded 8 1.08 (0.99 —1.17) 0.669 20.01 (0.92-1.11) 0.068

Population-based

Notes: Clin. Path./dx info. = Clinical, Pathology

, RE = Random Effects

! Number of relative risk estimates extracted from studies

2 Homogeneity p-value

3Estimated central residual range calculateefa$, assuming lognormality of residual RR
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Table 2-3. Pooled risk estimates for motor neuron disease (MND) and Alzlebiggase (AD) by study characteristics

Study . o MND AD
Characteristics Coding Description . . p- 95 % | - 95 %
No.! Combined RRge value® Range® No! Combined RRge value®  Range’

Location us 23 1.39(1.12-1.71) 0.000 407 26  1.23(1.05-1.44) 0.007 2.95
Europe 27  1.16(0.95-1.42) 0.001 25  1.45(1.19)1.770.000

Study design Case-control 27 1.38 (1.13-1.68) 0.000 4.01 36 1.29 (1.11-1.50) 0.005 3.06
Cohort 23 1.14 (0.92-1.42) 0.002 15 1.39 (1.10-1.750.000

Basis of occupation  Representative job 24 1.29 (1.05-1.58) 0.0004.14 29 1.29 (1.10-1.52) 0.001 3.09
Several jobs 26  1.24(1.00-1.55)  0.000 22 1.36¥1.67) 0.000

Occupational source . Registry_ orcensusor o, 1.19 (1.00-1.40) 0.000 3.90 27 1.24 (1.07-1.43)  0.000 3.05

eath certificate

Interview 11 1.47 (1.00-2.14)  0.093 18 1.60 (1.2042 0.046
Work history records 8 1.62 (1.01-2.59) 0.929 6 01®94-2.72) 0.471

Exposure assessmenty, oxposure information 24 1.33 (1.07-1.65)  0.000%'® 13 1.17(0.94-146) 0023 318
Classification/JEM or IH 21 1.19 (0.95-1.47) 0.000 31 1.40(1.18-1.66) 0.000
EMF measurement 5 1.53 (0.78-3.04) 0.742 7 1.8%(0.23) 0.133

Type of outcome Mortality 39 1.20 (1.03-1.40) 0.062 3.89 31 1.24(1.09-1.42) 0.000 2.73
Prevalence 6 2.03 (1.22-3.37) 0.000 16 2.15(1.68)3 0.480
Incidence 5 1.39 (0.81-2.39) 0.455 4 1.04 (0.61L.6 0.405

Outcome source Death certificates 36 1.20 (1.02-1.49)  0.0003.97 31 1.25(1.08-1.44) 0.000 3.09
Clin., Path, dx info 14 1.49 (1.10-2.02) 0.122 20 .641(1.24-2.18) 0.063

Funding source Gov't or foundation 27  1.15(0.93-1.41) 0.000 3.99 29  155(1.28-1.89) 0.000 2.98
Industry 6 1.29 (0.85-1.97) 0.001 4 1.18 (0.76-1.840.075
None or unknown 16 1.46 (1.14-1.87) 0.001 18 10189-1.40) 0.194

Selective reporting Yes 14 1.56 (1.20-2.03) 0.000 .893 28 1.40(1.17-1.68) 0.005 3.18
No 36 1.15 (0.97-1.37) 0.000 23 1.24 (1.17-1.68) .000

Sex of risk estimates Both 17 1.40 (1.11-1.78) 0.040 3.67 13 1.26 (0.98-1.62) 0.337 3.09
Male 28 1.26 (1.05-1.52)  0.000 30 1.37 (1.16-1.60).000
Female 4 0.75 (0.45-1.25)  0.616 8 1.19 (0.81-1.76(.005

Basis of risk estimate MF level 11 1.07 (0.78-1.46) 0.075 3.81 23  159(1.28-1.99) 0.000 3.04
Occupational title 39  1.32(1.12-1.56)  0.000 28 11(R03-1.40) 0.000

Control Selection Not applicable 23 1.14 (0.93-1.40) 0.002 3.72 15 1.40 (1.09-1.80) 0.000 3.55
Relatives or friends 4 2.23(1.10-4.51) 0.614 3  9162-2.30) 0.633
Other neuro. diseases ;471 (0.35.1.46) - 6  1.87(1.13-3.07) 0.001
included
Other neuro excluded 15 1.51 (1.18-1.93) 0.000 25.25@1.04-1.49) 0.141
Population-based 7 1.12 (0.75-1.65)  0.124 2  2.32(00.3) 0.590

Notes: Clin. Path./dx info. = Clinical, Pathology, RE = Random Effects
! Number of relative risk estimates extracted from studies

2 Homogeneity p-value

3Estimated central residual range calculateefa$, assuming lognormality of residual RR
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Table 2-4. Assessment of type of outcome, source of occupational information, exgesegsment and basis of occupation on risk

estimates of occupational MF exposure in observational epidemiologic studigis(oé multiple meta-regression)
Additional study characteristicsincluded in the model

95% 95% 95%
MND RR 95% CI Range** RR 95% CI Range** RR 95% CI Range**
Type of outcome With study design 3.95 With exposure assessment 1 4.1 With funding 3.69
Prevalence 1.60 (0.92 -2.78) 1.85 (0.97 - 3.52) 1.87 (1.10-1.77)

Incidence 1.16 (0.66 - 2.30) 1.34 (0.75 - 2.39) 1.25 (0.70 - 2.24)
Occupational source With study design 3.77 With basis of occupation 63.8  With funding 3.65
Interview/Quest - - 0.86 (0.47 - 1.59) 1.27 0-.43)

Registry or DC 0.85 (0.57-1.29) 0.66 (0.383).1 1.00 (0.59 -1.68)

Work hx records 1.35 (0.71 - 2.55) - - 1.59 (0.2762)

Exposure assessment With basis of occupation 4.32 With outcome source 144 With funding 4.18
EMF Measurements - - - - 1.66 (0.78 - 3.53)

IHIJEM 0.77 (0.37 - 1.60) 0.76 (0.37 - 1.55) 1.20 (0.77 - 1.90)

Not done/unknown 0.86 (0.40-1.87) 0.80 (0.3%6}1 1.34 (0.83-2.19)

Basis of occupational information With occupational source 3.86  With funding 4.07 With selective reporting 3.99
Representative job 1.92 (1.08 - 3.40) 1.16 (0.70 - 1.92) 0.87 (0.62 - 1.22)

Several jobs 1.62 (1.01 - 2.59) 135 (0.87 - 2.10) - -

AD

Type of outcome With study design 2.60 With exposure assessment 8 2.7 With funding 2.74
Prevalence 1.85 (1.27 - 2.70) 1.97 (1.34 - 2.90) 1.99 (1.13 - 3.50)

Incidence 0.79 (0.50 - 1.24) 0.79 (0.45 - 1.41) - -

Mortality - - 1.23 (1.03-1.47) 1.30 (0.80 -@)1
Occupational source With study design 3.13 With basis of occupation 03.2  With funding 3.07
Interview/Quest - - 0.98 (0.52 - 1.84) 1.32 (0-8898)

Registry or DC 0.77 (0.55 - 1.06) 0.74 (0.41 5).3 1.17 (0.98 -1.40)

Work hx records 0.95 (0.50 - 1.83) - - 1.43 (0.2164)

Exposure assessment With basis of occupation 3.38 With outcome source 213 With funding 3.18
EMF Measurements - - - - 1.15 (0.60 - 2.19)

IH/IJEM 0.93 (0.56 - 1.54) 1.02 (0.64 - 1.65) 1.21 (0.73 - 2.01)

Not done/unknown 0.75 (0.42 - 1.35) 0.90 (0.549) 1.19 (0.74 - 1.94)

Basis of occupational information With occupational source 3.20  With funding 3.04 With selective reporting 3.04
Representative job 1.68 (0.91 - 3.11) 1.36 (0.85 - 2.18) 1.38 (1.15 - 1.64)

Several jobs 1.59 (0.93 - 2.73) 0.97 (0.59 - 1.60) 1.75 (1.20 - 2.54)

Note: Additional study characteristics are defiasdollows: study design (case-control or cohdd}sis of occupation (representative job or seyebs), outcome source (death certificates or clinic
pathology/diagnostic criteria) and funding (goveemtifoundation, industry or unknown/not stated).

** Estimated central residual range calculated®d&, assuming lognormality of residual RR
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Table 2-5. Pooled risk estimates of motor neuron disease and Alzheimer’s disg@@aseupational MF exposure in observational
epidemiologic studies using generalized least squares trend estimation

No. of No. of Combined Combined
) . df -value* 95% Range**

Outcome StUdleS Estimates RRFi><ed effects RRRandom effects p ° g
Motor neuron disease

Occupational title 10 13 1.02 (0.86-1.21) 1.53(12037) 12 0.0000 8.79
MF level 4 4 1.09 (0.95-1.24) 1.09 (0.95-1.24) 3 4579 0.000
Alzheimer’s disease

Occupational title 5 9 0.99 (0.90-1.08) 1.00 (01892) 8 0.3911 1.16
MF level 11 15 1.04 (0.96-1.13) 2.14 (1.46-3.15) 14 0.0000 9.86

Notes: For occupational title, cases and contritls more than 5 exposed were extracted. Groupaadpations of high MF exposures as determineld by
job exposure matrix (Bowman et. al.) were includednalyses. For MF level, estimates were exttafrtem all exposed strata. Only studies publishirey
number exposed cases and controls, person-timersoms for each exposure level were included mahalysis.

* Homogeneity p-value

** Estimated central residual range calculate@®d4, assuming lognormality of residual RR
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Table 2-6. Assessment of publication bias in exposure-related study chstiastef occupational MF motor neuron disease and
Alzheimer’ disease studies (using linear regression of weightedslogatios on standard errors)

MND AD

Intercept (SE) Slope (SE) p-value* Intercept (SE) lop8 (SE) p-value*
Occupational source
Interview/Questionnaire 1.13 (1.00) -0.14 (0.44) 286. 1.66 (0.52) -0.35 (0.24) 0.006
Registry or DC 1.27 (0.63) -0.17 (0.13) 0.052 aQ@4a4) 0.04 (0.05) 0.060
Work history records -0.30 (0.49) 0.64 (0.23) 0.558 0.74 (1.02) -0.47 (1.79) 0.806
Exposure assessment
EMF Measurements 0.90 (1.51) -0.15 (0.96) 0.592 0 10382) -0.31 (0.33) 0.126
IH/IJEM 1.20 (0.71) -0.18 (0.16) 0.109 0.99 (0.32) 0.09%D. 0.004
Not done/unknown 1.19 (0.57) -0.11 (0.15) 0.048 5q56) -.008 (0.07) 0.208
Basis of occupational information
Representative job 1.17 (0.66) -0.08 (0.15) 0.088 .04 10.29) 0.02 (0.03) 0.001
Several jobs 1.22 (0.47) -0.22 (0.13) 0.017 0.389D 0.21 (0.22) 0.652
Funding source
Gov't/Foundation 1.13 (0.48) 0.24 (0.13) 0.027 q®@80) 0.09 (0.18) 0.072
Industry 2.27 (1.15) -0.48 (0.27) 0.120 1.03 (0.95) -0.089) 0.393
Unknown or not stated 1.00 (0.68) 0.06 (0.16) 0.161 0.35 (0.38) 0.09 (0.04) 0.362
Type of outcome
Incidence -0.55 (0.93) 0.59 (0.38) 0.603 1.44 (L.15 -0.43 (0.35) 0.336
Prevalence 1.08 (0.47) -0.14 (0.11) 0.028 0.809(0.3 0.04 (0.05) 0.049
Mortality 1.69 (1.35) 0.09 (0.59) 0.281 0.92 (0.62) 0.20 (0.39) 0.162
Source of outcome information
Death certificates 1.08 (0.50) -0.14 (0.11) 0.037 .79q0.39) 0.04 (0.05) 0.049
Clinical diagnostic 0.90 (0.75) 0.05 (0.28) 0.252 .611(0.45) -0.33 (0.22) 0.002

* p-value of null hypothesis, e.g. no small studfeets
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Figure 2-2. Forest plot of occupational MF exposure and both motor neuron diseasediMiNEIzheimer’s disease (AD)
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Figure 2-3. Funnel plot to display publication bias among studies of occupationaldpbBtiee and both motor neuron disease
(MND) and Alzheimer’s disease (AD), including the fitted regressiomfiiom Egger’s test for small-study effects
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Figure 2-4. Influence plots of occupational MF exposure and both motor neuron disdde (M
and Alzheimer’s disease (AD)

Meta-analysis estimates, given named study is omitted
Lower CI Limit Estimate Upper CI Limit

1.081.10 1.26 1.44 1.47

Meta—-analysis random-effects estimates (exponential form)
Study ommited

TN

1.12 1.15 1.27 1.40 1.47
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3. New Electric Shock Job Exposure Matrix

Introduction

A consistent association between jobs in “electric” occupations and amyotiatehat
sclerosis (ALS) has been reported [1]. However, it is unclear which phyaatat,fif any, in the
electrical environment of these jobs is important; electric shocks, elgetds and magnetic
fields have all been proposed as potential causative agents. Exposures to falctoreare
highly correlated in the well-studied electric utilities. Thereforentifieation of a relationship
between ALS and one or more of these electrical factors will require dutiyy for separating
these exposures for occupations, both inside and outside the electric utility indingtry. T
methodology described in this article produces a measure of occupatiorat-sleatk
exposure that is independent of magnetic field (MF) exposure, allowing foratitegof both
exposures into one JEM.

Numerous studies on occupational electromagnetic fields (EMF) and neurodégenera
disease, including several for ALS, have been published over the past 20 yearded deta
review is published in Kheifets et. al. 2008 [1]. The main epidemiologic limitatiolesé t
studies have been two-fold: 1) exposure misclassification based on job tilesaad/or limited
EMF exposure data and 2) potential confounding due to other exposures, such asleteasic
Moreover, electric-shock exposures have only been examined for occupations Watttin se
industries such as electric utility, railway and construction.

Two elements affecting capture of workplace shock events are severityraaptios.
Shock severity depends on voltage level, the current passing through a person’s dmmhy'the

resistance, the path through the body, the shock duration and the source frequency [2, 3]. The
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physiological effects of shocks are determined by the nature of eleatrent and electrical
properties of the tissue, which may be altered by tissue damage, sweat andlgeatection
equipment [4]. Federal data sources will likely capture the most severerypsinoegk cases
while mild to moderate accidents might not get recorded; since it is unlikebykeer would
report an event causing pain but not direct physical harm. Alternating currsimgpdEsough
the body at 60Hz, may be imperceptible at 1 milliamps (mA), noticeable (3Jpr#duce “not
let go” response (16mA), produce respiratory muscle paralysis (20 mA)dmcarrest (2
amps) [5]. Conceivably, the lower the perceived physical effects, thékkelysal worker would
report an event. Presently, only two studies have examined microshocks in welrkefsr
one analysis of 102 linemen, body mass index and painful sensations were inveitsalyfela
Given the ranges in severity and shock perception, captured events would underdstifodite
extent of electric shocks in an occupation, but could serve as sentinel events, atbowing f
relative ranking.

To date, data on occupational electric shocks remain fragmented; moss$ adiokpthe
U.S. Bureau of Labor Statistics (BLS) electrical injury, illnesses fatalities data have focused
either on industry or solely on occupational fatalities [8-10]. Between 1992 and 1998, near
35,000 workers sustained lost work time or died due to electrical shocks or burn injuries [9].
While these are rare occurrences, their potential to cause severadrtjigty. Overall, 44%
electrical fatalities occurred in the construction industry; many beazfu=ontact with power
lines [9]. Aside from electricians, nearly 25% of construction industry tiaglvere among
construction laborers, carpenters and painters [11]. More recently, Lombaidi@tnd
workers in services, manufacturing and retail had the largest numberk&rwompensation

electrical injuries over a one-year period [12]. When Cawley and Homcere@a®92-2002
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Census of Fatal Occupational Injuries data, they noted occupations, suclk asivers,
farmers and groundskeepers, as sustaining fatal electrical irffL@jesThese data underscore
the need for full exploration of occupations outside of utility industries likely torexmupe
electric shocks. As a result, nationally available fatal and non-fatahdateportant to ensure
broad coverage of occupations representative of many industries.

Job exposure matrices (JEMSs) are tools used to classify exposures for ioosupated
on “what is generally known about exposures with particular tasks in particulatriestUfl3].
The purpose of our JEM is to develop and assign electric-shock exposure categobeiiés |
in the absence of direct electric shocks measures for individual workers [14]. Ma@zegthe
performance of any JEM used to evaluate the possible role of a factor in thepded of
neurodegenerative diseases, capturing contrasts in exposure is paramount [14].

Several factors contribute to the potential for electric-shock exposure. Thwes fact
include: types of energy sources, the physical work environment, availabiligirohyy and
safeguards [15]. Injury and fatality data can be used to determine esdwidk-exposure
potential. If each factor was known for each occupation, then presumably one cayld assi
electric-shock exposure potential based solely on statistical models w&hgfaoutlined
assumptions. However, given the number of unquantifiable factors in the work envirptimaent
use of expert panel for exposure categorization of occupations is necessary,@sd bexrause
exposure is not directly measurable and no industrial hygiene standard iblavaila
Consequently, we combine expert panel assessment with available U.S. data onamadupati
electric shocks and electrocutions, to develop probability of electric shockgenelif

occupations. We then incorporate these into an existing MF job exposure matrix [16].
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Methods

We used existing data on incident electric shocks and electrocutions from twessour
the BLS Survey of Occupational Injuries and llinesses (BLS SOII) an@d¢bepational Safety
and Health Administration Integrated Management Information Syst&HAOMIS).

The BLS SOIl provides estimates of the number and rates of workplace injuries and
illnesses in the U.S. BLS solicits survey data from employers having 11 e@ploymore in
agricultural production, and from all employers in agricultural servicesstfgreand fishing; oil
and gas extraction; construction; manufacturing; transportation and publiesitivnolesale
trade; retail trade; finance, insurance, and real estate; and serviogst (@xvate households).
To assure consistent occupational coding with U.S. mortality data that we planaioduthe
most relevant time period following implementation of the OSHA Electrimaidard CFR 1910,
Subpart S, we requested from BLS all non-fatal injuries for 1992-1999 with naturargfaope
093x (electrocutions, electric shocks) by occupation. BLS SOIl represented 22,85&worker
involved in non-fatal electric shocks among 306 job titles, i.e.. 3-digit 1990 Bureau of Census
(BOC) codes. Where occupations were reported and the number of events not reparted fo
given year, we assumed the minimum reportable number of four shock incidentsrpérherg
we summed number of electric shocks across years to obtain total number of sncideah

detailed occupationn( ).

We also accessed OSHA IMIS, an online accident investigation databageubed to
manage resources within state agencies. OSHA state offices investigatemplete

standardized forms (OSHA-170) for selected events, e.g. fatalities, sejioies, explosions
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and those featured in media or newspapers [17]. These forms are subsequertiintogdylS.
We extracted 2470 records representing 155 occupations and 367 industries, pritabrily fa
occupational data, from OSHA IMIS online database using the keywordri€ldot the period

of January 1, 1992 to December 31, 1999. For the records extracted from the specified time
period, OSHA classified industries using the 1987 Standard Industrial Glassiiisystem [18].
We assumed that electrocutions or fatal electrical events are reasmiddtors of a potential
for electric shocks within an occupation. Each record was evaluated to ret#iic sleock

events only, to remove duplicate entries and to assign BOC code the given occuptg¢ional
We summed the number of electric shocks and electrocutions reported in OSHACHA$S

years by job titlestfygy,)-

To assess the proportion of workers affected, we used both the Current Population Survey
(CPS) and the 1990 Decennial Census (DC) for the number of workers. CPS is a mongiyly surv
of households conducted by the BOC for the BLS [19] and it provides a comprehensive body of
data on the labor force, employment, unemployment and persons not in the labor force. Persons
captured in the labor force include all non-institutional civilian people age 16 ged older.

We obtained the number of workers for each 3-digit 1990 BOC code in 1992-1999 CPS using
the online data mining and extraction software, DataFenx,[19]. We used sample-based
occupation data from the 1990 Equal Employment Opportunity (EEO) File [20], which was
tabulated from civilian labor force data collected in the 1990 DC. The 1990 DC EEO file
contained cross-tabulations for 512 job titles by sex, race, and Hispanic oridgia fd:S. We
extracted estimates by sex, summing female and male workers lio8-eiagit 1990 BOC code

to createNy .
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While we have data on the incident cases of electrocution and electric shocks, we have
imprecise information on the occupational population at risk. That is why we hawveditfe
estimates as proportions constructed for the purpose of evaluating occupatapala risk of
electric shock for the specified time period. To create number of shocked ocvalesd, we

assumed the BLS non-fatal electric shook {) and OSHA IMIS electrocution datad,,,)

were independent sources and summed by occupation. Using two different worker population

estimates, we created two proportions of injury by each occupation which are,
Peps = (Mg s + Nospa) Neps and Poe =[(Ng, s+ Noga)/ 8]/ Ny (injury data were averaged to

represent one year for the DC proportion).

Proportion distributions gpsand pc) were positively skewed (mean > median). We
assigned three interim exposure categories based on tertile cutoff posuks Reing different
population estimates (CPS and DC proportions) were compared.

For final exposure assignment, we assembled an expert panel with divakgebads
and with direct relevant and practical experience consisting of an indastyiehist, a physicist
with research experience with electric shocks and an electrigakengvith electric utility
experience and research into magnetic fields and shocks. The expert parfeletisediectric
shock and devised a method for assignment of high exposure, to retain specificity.tdea
general population experiences electric shocks, as there about 1000 deaths dtrectsheleks
occur each year [21]. However, in some occupations electric shocks will oechighier rate
than those experienced by the general population. Panelists agreed painful ayemtsunat
low currents, but that at levels at or exceeding 3 mA an electric shock coulddkeliyin a
reportable injury [22]. As a group, the experts assessed 322 job titles for the slemtk

exposure, based on a proportion exposed along with consideration for potential elextaodd h

44



and knowledge about jobs, according to the following three definitions: 1) low exposure (L)
being very unlikely that exposure occurred among workers with this job title,dyme
exposure (M) being a possibility that some of the workers with this job title bemlielshock
exposure (but the probability is fairly low), and 3) high exposure (H) with at Igmepartion of
the workers with this job title experienced electric shocks. Expert panadissidered workplace
factors such as those affecting skin impedance, engineered protection and jpecsectzon
(Table 3-1). In addition, expert panelists independently reviewed exposuenassts for 179
occupations not captured by the data sources. The final assignment of thesasjblased on
the exposure agreement of at least two experts. For summary descriptygtsanatupations
were categorized into thirteen major occupational groups defined in the 19D(TBOle 3-2).

We used the geometric mean of MF time-weighted averages (TWA) in the MBYEM
converting 1980 BOC codes (Appendix D) to 1990 BOC codes. We grouped occupations into
three MF exposure categories using the following cut-pointsQ.X microTesla (uT)), M

(0.1uT- 0.3uT) and HX(0.3uT) [16].

Results
Exposure incidents
By occupational groupMain occupational groups with the highest number of electric
shocks and electrocutions were precision production, craft and repair occudationgd by
service occupations and machine operators, assemblers and inspectors.
By job title Electric shock and electrocution data were available for 322 job titles. Most
occupations (83%) were exposed to on average less than 10 shocks per year, 16% of occupations

had greater than 10 and less than 100 shocks per year, and 1% of occupations were exposed to at
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least 100 shocks per year. Occupations with the most frequent number of electricasiocks
electrocutions were: electricians, cooks, janitors and cleaners, constrabtioars and non-

construction laborers.

Exposure proportions

By occupational groupOccupational groups such as sales occupations, professional
specialty occupations, and executive, administrative and managerial oonggetd consistently
low electric-shock exposure, while other groups had more variability in elebzk exposure.

By job title The highest proportion of electric shocks and electrocutions per 100,000
workers per year included: electrician apprentices (99.7), mechanic aidrapipers (74.0),
hoist and winch operators (63.3) and electrical power installers (52.4). We obtained high
agreement between proportion tertiles using CPS and BOC (Kappa statistic =0.86, p<@0001
30 occupations not in agreement, nine were in the machine operators, assemblers dotsinspec
group, six were in precision production, craft, and repair occupations group and theee wer
administrative support occupations, including clerical group. The expert paeestved and
assigned these 30 occupations an electric shock exposure.

By expert panelOf the possible 501 classifiable BOC occupational titles, 179
occupations were not represented in BLS SOIl and OSHA IMIS data (Table @f those
without electric shocks information, over 40% (78/179) were in professional $pecial
occupations, followed by 10.6% (19/179) in administrative support occupations, including
clerical, 9.0% (16/179) in precision production, craft, and in repair occupations and 7.8%
(14/179) in executive, administrative and managerial occupations.

The overall distribution for the 501 occupations assigned probability electric-shock
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exposure was: 57% L, 22% M, and 21% H . High electric-shock exposure assignments wer
assigned mainly in four summary occupational groups: 1) handlers, equipments;lbalpars,
and laborers, 2) machine operators, assemblers and inspectors, 3) transpodatiateaal
moving occupations and 4) precision production, craft, and repair occupations (Babldig
electric-shock exposure included occupations such as electrical and ebetetcbnicians, cooks,
and construction laborers. Occupations assigned to the medium electric-shockeexposur
included: groundskeepers and gardeners, production inspectors, printing press operators, bus
truck and engine mechanics. As expected, low electric-shock exposuresmwoerg the broadly
defined occupational groups: professional specialty, sales and protectice secupations.
Examples of job titles with low electric-shock exposures were automobdeamies, registered
nurses, administrative support occupations, data-key entry operators, and avaiteraitresses.
Comparison of electric shock to magnetic field expoddost frequent occupations
highly exposed to both electric shocks and magnetic fields were from the qgecrsift and
repair occupations. Occupations such as dressmakers and public relationstspeeiad not
exposed to electric shocks but were exposed to magnetic fields (Table 3i8)h&\expert
assignment, shocks-MF exposure contrast resulted in 66 occupations with high exposure to
electric shocks and not to MF (Table 3-4), including construction laborers, parkitigihataants,
elevator installers and repairers and roofers. Occupations having high Mirexand low or
medium electric-shock exposure included dressmakers, tailors, and dlecttieectronic
equipment assemblers. With expert panel judgment, dental hygienists, caatehg,and
musical instrument repairers and metal patternmakers and model makeesagssed to have

low electric-shock exposure.
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Discussion

Our electric-shock classification is the first to capture thesewvelatow prevalence, but
potentially important etiologically, workplace exposures in a systemmatimer. This electric-
shock JEM covers a wide range of occupations reflecting those held by mikeysnao the
general population. Using data alone would have resulted in fewer jobs witicesaoitk
exposure assignments, but with the best available technique, i.e. data combined wiith expe
judgment, we added 179 jobs to the matrix. A combination of injury data and expert panel
assignment for 501 occupations resulted in several jobs not typically considargdlas
exposed to electric shocks, e.g. janitors and cleaners and cooks, more likely to be found in
services industries rather than utility or construction industries.

Occupational rates of electric shocks and electrocutié@nsvious literature and
regulations have included information about electric shocks rates by industry [10, 23], but
literature on occupational electric shock rates is scarce [24-26]. A fepsibsessment of the
1990 OSHA Electrical Safety-related Work Practices Standard for Génduatry [23], injury
incidence rates (per 100,000 workers), derived from previously unpublished data, &ldad O
to determine which workers were at risk of injury and most in need of eléttaiceng, based
on actual and potential electric shock risks. OSHA determined a high-lenaldraias required
for electrical and machine assemblers (93.3) and stationary engineejsKa2r&on-routine
work on live electrical parts, OSHA determined an average level trainiagegaired for home
appliance and power tool repairers (10.1), and gas and petroleum operators (4.6Q). Finall
OSHA determined workers that needed minimal level training included welt®isitters
(10.1), painters and paperhangers, and electrical engineers (1.0). In an ahdl§8i51999

U.S. Census of Fatal Occupational Injuries, Taylor et al. found occupationabel#icn rates
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ranged from 0.71 to 15.91 per 100,000 worker years [8]. The highest electrical fatabty r
were among electrical power installers (15.9), earth drillers (8.75)leci@an apprentices
(8.25). Within the electric utility industry, Bracken et. al. published elecingaly probabilities
(per 100,000 workers) for a few grouped occupations, such as, electrical paalérsn6302),
welders and cutters (355), and supervisors (12.8) [24]. The highest proportions chfoulate
the electric-shock JEM seemed comparable to rates captured in therbtematuever, we found
several “helper” occupations with high proportions of electric shocks.

Limitations of occupational dat®ue to the nature of the collected information, only the
most severe accidents are likely to be captured. For example, OSHA tendstigatees
incidents that include fatalities and events where three or more emplogdespitalized [27].
Upon examination of 1999 data, BLS nonfatal injury and illness undercounting was @stimat
between 33% to 69% by Leigh et. al. [28]. Thus the number of accidents captuketyiwlbe
an underestimate, but this will not have a major impact on our JEM. Capturing the fuilhispec
of electric shocks injuries is a well-recognized challenge in occupatioaitth la@d remains as
an important caveat of the developed electric-shock job exposure matrix.

More problematic is that these data may not be entirely representatweekbbrce
electrical accidents: data may be skewed towards certain occupations atriesdercluding
self-employed, private households and federal governments and agencies [39]atBlare
from a two-stage design survey; first, randomly selecting from privatersestablishments and,
second, selecting cases involving lost work time [30], which would exclude snt\ears.

To capture expansive indicators of electric shocks, we combined both BLS SOIl and
OSHA IMIS data, despite their distinctly different methodology, i.e. surgggnates and actual

count data, respectively. We could have included an indication for injury severitidlyting
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fatalities, using days away from work or considering lifetime risk [31gweler, we created the
electric-shock JEM for application in neurodegenerative diseases studsiébrnon-fatal
electric shocks may be equally, if not more relevant. While some resesanetve observed
progressive ALS occurring more among those electrical injuries of < 300 V1hagg, are
several case reports which describe onset of ALS following sevetaaakemjury [33, 34]. The
temporality between injury and onset of disease makes electric shocksibl@lasis factor

[35], but which type of electric shocks is less clear. Both data sources eédieicic shocks that
result in lost time and, as expected, certain occupations are not captured lo\athesrirces.

Determination of appropriate worker population denominators has continued to be
problematic for construction of national occupational rates [36, 37] and we wedawéh the
same challenge. To address this we used to distinct data sources, which resuntgakin si
assignments for most occupations. Further, few differences due to population demsminat
were resolved by expert panel.

Regardless, the injury and iliness data for each occupation were solely onénfact
assessment of exposure, which also included consideration of the workplace environment.
Limitations aside, national occupational injury and illness data shed light on toospautside
the well-studied electric utility, construction and railway industrieseggncing electric shocks
and electrocutions.

Performance of the electric-shock JEMEMs are best suited to capture exposure
prevalence greater than 10%, with dichotomous categories non-differeasias lvill be
introduced as the specificity decreases [38]. In 1998, the injury rate for abeléattric shocks
treated in emergency departments was 0.006 incidents per 100 full-time egunaleer,

representing 0.2% of total estimates [39]. Overall the expected shock prevalkvee i
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consequently the positive predictive value will be low measured with impegecitficity.

Despite this, the electric-shock JEM may have sufficiently high spégifitecrease false
positives and thus lead to less misclassification in future epidemiologies{40i. Since data
presented and opinion of experts resulted in previously unobserved findings, repethi®n of t
JEM methodology with new objective data such as worker’'s compensation may béladvisa
However, these data may be limited given the scarcity of U.S. data sourcestarud tlae
exposure, e.g. 1.2% due to electric shocks in an analysis of 11,410 electrical worker
compensation claims received by state of Washington between 1998 -2001 [41]. In addition,
international comparisons can further enhance this JEM.

Unfortunately, there is no “gold standard” to quantify the specificity, nor isxheseare
directly measurable, therefore electric-shock exposure assignmethe drest determination,
given the data.

Lack of industry or additional job task information within the JEM may limit its
specificity. Using the MF JEM, authors from a recent study evaluatedimclokdetailed
information about jobs, such as tasks and time spent working near electrical saffectsd MF
categories; they noted a 3% increase in the number of jobs exposeqTodd.greater as
compared to a JEM [42]. Future work incorporating industry or job task information may
improve specificity of the MF exposure assessment component, in absence of sounttior
and direct measurements. Though including industry will have a problem of its owogalsl i
result in unreliable estimates and consequently a need for stronger assumptions.

Due to sparse data and lack of solid estimates of numbers employed in specific
occupations, our electric shock exposure categorization is somewhat uncepegmley for

specific occupations such as office machine repairers, vehicle washegugpichent cleaners,
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and non-nursing health-aides. We attempted to reduce this uncertainty, by pgirg ex
assessment, which incorporated employment data and workplace factors.aPateogure to
electric shocks in a workplace involves a number of variables, of which injurpcatame factor
[15]. Expert assessment, used in many fields including engineering and eddugjrene, is the
best manner to create informed exposure assignments. Errors in occupationabtoglimg
data could lead to exposure misclassification. For example, relying oaldagachief executive
officers would be highly exposed to electric shocks, but with expert panelrass¢sse
reassigned to medium exposed. Hence, examination by expert panelists woulid ertinase
problems, assigning an appropriate exposure.

Strengths of the electric-shock JEMhe main strength of this work is the categorization
of electric-shock exposures among non-utility occupations, previously not evaluated.dgta
have never been systematically compiled into a usable tool for population studiesrniarghe
we report occupations not classically recognized as exposed to aldwdzards. The present
work illuminates the importance of tracking actual frequency of occupaitigoaks and
combining expert panel opinion for exposure probability. Our approach may be reproduced for
other workplace exposures that are not directly measured, where no data aldesaad for
which occupational exposure limits do not exist.

The degree of certainty about the proportion of electric shocks within each occupation or
relative rates within each occupation could be elicited to create a mor&igdaJEM. Actual
guantification of each evaluator’s degree of certainty has been done in a limitedrrafm
health-based studies. The field of industrial hygiene has only recentgdstacorporating
Bayesian methods into the expert judgment arena [43]. The use of expert suldgrct mat

knowledge to assign electric-shock exposure offsets data limitations and altows f
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guantification of certainty during the creation of the JEM. In the future, to&rielshocks-MF
JEM can be enhanced by including the experts’ degree of certainty to the éd&sigasures and

further incorporating this information in epidemiologic analyses.

Conclusions

Despite the numerous limitations of using publicly available data, constructaon of
electric-shock JEM is feasible. Combining such data with expert panel judgmets rean
approach aimed at incorporating factors not reflected in injury data. Treyadided a number
of occupations with exposure only to electric shocks or only to magnetic fielddrfeede
epidemiologic analyses capable of disentanglement of the potential #essdetween shocks,
magnetic fields and neurodegenerative disease.

The largest number of electric shocks occurred among precision production, craft, and
repair occupations. Occupations having the highest number of electric shocks not previousl
identified by the literature included: cooks, janitors and cleaners and mswel&laborers.
Prevention efforts could be directed towards these worker groups including hazardeadarati
training and/or workplace safety improvements. Future work should also account for

uncertainties in the data sources and exposure assessment.
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Table 3-1. Workplace conditions contributing to electric shocks

Types of energy sources
60 Hz power
Batteries
Environment
Dry and wet or damp conditions
Hot environments affecting perspiration
Un-insulated conductors present
Safeguards
Resistors, capacitors
Insulation
Grounding
Electrical training
None, some or skilled
Work Practices
Lock out/tag out procedure
Safety watchers or observers
Availability of protective measures
Fiberglass live line tools
Overshoe footwear

Non-conductive head protection, insulating blanketsovers, gloves
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Table 3-2. Distribution of job titles within occupational groups by electric-shock
exposure based on data and expert panel

Occupational Group Job Titles

No. H M L
Administrative Support Occupations, Including Glefi 55 3 (5.4%) 8 (14.5%) 44 (80%)
Executive, Administrative and Managerial Occupation 28 1 (3.6%) 3 (10.7%) 24 (85.7%)

Farming, Forestry and Fishing Occupations 19 3B&H. 5(26.3%) 11 (57.9%)
Handlers, Equipment Cleaners, Helpers, and Laborerd 6 8 (50%) 4 (25%) 4 (25%)
Machine Operators, Assemblers and Inspectors 61 (428%) 27 (44.3%) 6 (9.8%)
Precision Production, Craft, and Repair Occupations 102 41 (40.2%) 32 (31.4%) 29 (28.4%)
Private Household Occupations 5 0 (0.0%) 0 (0.0%) (10®%)
Professional Specialty Occupations 106 0(0.0%) 7.8%) 98 (92.5%)
Protective Service Occupations 11 1(9.1%) 0 (0.096).0 (90.9%)
Sales Occupations 23 0 (0.0%) 2(8.7%) 21 (91.3%)
Service Occupations, Except Protective and HousehoR9 6 (20.7%) 8 (27.6%) 15 (51.7%)
Technicians and Related Support Occupations 22 124P 6(27.3%) 14 (63.6%)
Transportation and Material Moving Occupations 240 (41.7%) 7 (29.2%) 7 (29.2%)
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Table 3-3. Electric-shock and magnetic-field exposure assignmentsdoteskejob titles

1990 BOC Job Title

Code

575 Electricians

783 Welders and cutters

676 Pattern makers, layout workers and cutters
538 Office machine repairers

869 Construction laborers

436 Cooks

804 Truck drivers

449 Maids and housemen

666 Dressmakers

744 Textile sewing machine operators

313 Secretaries

095 Registered nurses

447 Nursing aides, orderlies, and attendants

Note: BOC = Bureau of Census Occupational Code
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Table 3-4. Exposure contrast frequencies for all job titles

Electric-shock M agnetic-field

Yes (> 0.3 uT) No (< 0.3 uT)
High Yes 18 66
Medium No 26 313
Low

Note: Totals do not equal 501 as there was no Miesuxre available for 78 1990 BOC job titles
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4. Occupational Exposure to Electric Shocks, Magnetic Fields and AmyotroplralLa

Sclerosis Mortality in the U.S., 1991-1999

I ntroduction
Amyotrophic lateral sclerosis (ALS), the most common of the motor neuron dissases
a fatal, incurable disease striking nerve cells in the brain and the spithalTdus rapidly
progressive neurodegenerative disease has a worldwide incidence rate of 1.2 to 2.5/100,000 pe
year, peaking around 70 years of age and affecting people between 40 to 75 ggard 5].
Though rare, ALS is a devastating iliness often limiting persons affiatidt to palliative
care. The disease dramatically alters the quality of life for thenpaad family, both
economically and socially [4]. With an etiology that is largely unknown, the oppoets! fti
future prevention of disease remain unexplored. If implicated and modifiable waakatdors,
such as magnetic fields and electric shocks, play a role in disease etiblsgyork-related

illness may be prevented.

Among the major neurodegenerative disorders, ALS has been most strongly and
consistently related to electrical occupations, thus warranting furthetigatesn [5-20].
However, only one of four recent studies reported an increased risk with eyttemel
frequency magnetic field (MF) exposure, which may be confounded by co-egposur
neurotoxic agents [7]. Four studies reporting no effect on ALS risk estimatectticeleeld
exposure through job exposure matrices (JEMs) [12, 17, 21, 22]; although, two of these studies
found an increased risk for electrical occupations [12, 21]. Researchersddpoddly similar
results for magnetic field exposure but found no risk increases in any job egdgomotor

neuron disease mortality among U.K. electricity generation and tramsmgsrkers compared
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to the general population [6]. Thus, the evidence linking electrical occupations toesasatt
risk of ALS is remarkably consistent, but the evidence of an association vadured magnetic
field levels is weaker. Another risk factor may explain the observed indraaken electrical
occupations. Exposure to electric shock has been suggested as a possibility, [EBy20{ing
et. al. found that almost 50% of reported work-related electrical accidents in 12@dedan
electricians [21]. In 2010, Milham hypothesized a link between electrierdgrand ALS, based
on anecdotal use of electric stimulatory devices among athletes [23]. Mendyea
retrospective cohort study examined the role of electric shocks in neurdisggses, focusing
mainly on peripheral nerve diseases, migraine, vertigo and epilepsy, dualtawwmbers for
ALS [24]. Given the shortage of strong risk factors, public health epidemiolog@ikls
investigate consistent occupational associations using creative appri@aGt2s. We have
applied previously developed electric shock and MF JEMSs, to U.S. mortality data togameest
whether increased risk of ALS among workers in electrical occupations explagned by MF

or electric shocks.

Methods

Data Source and Case Ascertainment

Multiple cause-of-death data (MCDD) collected annually were obtanoed the
National Center for Health Statistics (NCHS) (Centers for Dis€as¢rol and Prevention)
through the National Bureau of Economic Research [27]. Our source population wasaals per
who died in the U.S. between the years of 1991 — 1999 (20,593,110 deaths). Occupational were
coded for a select number of states limiting included observations to approyig@®el To

combine all years, we recoded the 1991 and 1992 occupation variable, which used 1980 Bureau
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of Census (BOC), to the 1990 BOC codes used for later years [28]. The study population wa
further limited to decedents of age 20 years or greater to potentialbdeXamilial ALS. We
identified 40,820 deaths with any mention of motor neuron disease (Internationdicaitssi
of Diseases (ICD)-9 335.2, ICD-10 G12.2), which we will define as ALS.
Control Selection

For each year, up to ten controls per ALS cases were individually matched &rysex
age groups and four major regions using modified SAS 9.1 SQL code from among other deat
likely not related to electric shocks and magnetic field exposures. Of the 3,929,54&potent
study subjects, a total of 1,828,522 records with any mention of the following diseasbl/pos
related to electric shocks or electromagnetic fields in the underlyiogndributing cause of
deaths were excluded: leukemias (ICD-9: 204-208; ICD-10: C900, C901, C887, C910-912,
C917, C919, C920-C923, C927, C929, C930-C932, C937, C939, C940-C942, C947, C950-
C952, C957, C959), Parkinson’s disease (ICD-9: 332; ICD-10: G20, G211-G213, G218, G219),
brain tumors (ICD-9: 191, 225; ICD-10: C71, D320, D321, D332-D334, D337, D339), cerebral
degenerations including Alzheimer’s disease (ICD-9: 331; ICD-10: G309-G311 G318, G319,
G910, G911, G937), seniledementias (ICD-9; 290; ICD-10 F03, F051), cardiovascularsdisease
(ICD-9: 4100-4149, 426-427, 430-434.91, 437-438; ICD-10: 120-25, 144-49, 160-69), accidental
causes of death due to electrical current, and/or falls or suicides (ICD-BBB88950-959, 925;
ICD-10: W00-W19, X60-X84, Y870 W86-W87).
Exposure assessment

Based on “usual occupation” as recorded on the death certificate, we linked occlipationa
titles to a previously developed JEM for electric shocks integrated with an&esfIMF

exposure [29, 30]. Using an a priori cut-off, we categorized exposures using MFdigteeas

64



average (geometric mean) into a reference group less than 0.1 uT, medium (0.1 WT-&nd8 uT
high (0.3 uT or greater). For electric shock, three categories wereawethddium and high,
based on the probability of incurring electric shocks on the job. When examining pagusx
categories for specific occupations, we grouped medium and low into a refgreanpdor each
exposure, MF and electric shocks, to have sufficient numbers in each category.
Data analysis

We conducted univariate and multivariate conditional logistic analyses of theisiata,
a matching variable based on sex (male or female), 5-yr age groups (20-24, 2583293389,
40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84, 85-89, 90-94, 95-99, 100-104 or
105-109 year) and region (Northeast, Midwest, South, West). Data are presqrésmatages
and adjusted odds ratios (OR) with 95% confidence intervals (95% CI), unless othmartecse
We analyzed the associations of ALS with occupational electric shock andpd&uegs using
conditional logistic regression modeling with additional adjustment for educaboe (8 years
(reference), 9-12 years or 13-17 years), ethnicity (non-Hispanicenekey or Hispanic), and
race (White (reference), Black, Native American or Asian). We othéidses and controls with
unknown or missing information for MF, education, and ethnicity, which resulted 5,886 cases
and 57,667 controls in the analytic sample.

We examined occupations as thirteen aggregate occupational groups as deB&ci by
as well as, for 15 electric occupations and 7 welding occupations previously defined in the
literature (Table 4-1.) [17, 31]. We further examined electric and welding dompa
separately, stratified by age less than 65 years, and by subsets of higheegpteyories of
electric shocks and MF. All analyses were performed using SAS softwarenvg.1 (SAS

Institute, Inc., Cary, North Carolina).
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Results

Of the 7419 ALS cases and their matched controls, 63% were male and 61% were
between 60 and 79 years of age at death, with an average of 67.0 years. Table 4+&shows t
demographic characteristics of the study sample. Decedents werg loeated in the Midwest
(35.6%) and South (32.2%) regions, with 35.3% cases and 37.0% controls occurring in New
Jersey, North Carolina and Ohio, combined (data not shown). Educational information was
missing for 11.7 % cases and 17.7% controls and ethnicity was missing for 3.2%nth2e8%
controls. In the study population, the proportions of occupations in executive, admuasirati
managerial (14.0% vs 10.5%) and professional specialty groups (15.8% vs 10.6%) tvere hig
among cases compared to controls. With industry, cases tended to work more siquralfes
related services than controls (19.7% vs 16.6%).

Compared to those with education of 8 years of less, workers with 9-12 years of
education had higher odds of ALS death (OR = 1.26, 95% CI: 1.16, 1.39) and workers with 13 or
more years of education had the highest odds of death (OR = 1.85, 95% CI: 1.67, 2.04). Lower
associations were detected for Blacks (OR=0.38, 95% CI: 0.33, 0.43), Native Americans
(OR=0.50, 95% CI: 0.29, 0.86) and Asians (OR=0.64, 95% CI: 0.47, 0.89) compared to Whites.

When assessed by major occupational groups, we observed positive associations for
professional specialty occupations (OR=1.47, 95% CI: 1.08, 2.01), executive admeistrati
occupations (OR=1.34, 95% CI: 0.98, 1.83) and administrative support occupations (OR=1.27,
95% CI: 0.93, 1.73) as compared to private household occupations, for example. Associations
were stronger for “white collar” occupations when no adjustment for educatiomacses

particularly for professional specialty and executive administrative atioms.
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Similarly to previous results in the literature, we detected positive asisns for those who
worked within electric occupations (OR=1.23, 95% CI: 1.04, 1.47), with stronger associations
for unadjusted odds ratios (OR = 1.38, 95% CI: 1.15, 1.62). Among those occupations, we
observed a stronger association among those less than 65 years of age, but notdge tBose
years or greater (Table 4-3).

Controlling for ethnicity, race and education, exposure to electric shocksrnwersdly
associated with ALS. As compared to low exposure to electric shocks, the oddweati@s73
(95% CI: 0.67, 0.79) for high exposure and 0.90 (95% CI: 0.84, 0.97) for medium exposure
(Table 4-4). For MF, ALS mortality odds ratios were 1.09 (95% CI: 1.00, 1.19) for high
exposure and 1.09 (95% CI: 0.96, 1.23) for medium exposure as compared to low (Table 4-4).
We observed a weak positive association in those exposed to high levels of MF, afteirgpntrol
for electric shocks (OR: 1.16, 95% CI: 1.02, 1.32). We did not detect appreciable changes in the
odds ratios when the data were stratified by age less than 65 (data not shown).

Within the high MF exposure subgroup, the association approached the null for electric
occupations as compared to non-electric occupations (Table 4-3). We observsal inve
associations for those in electric occupations with high exposure to e#dwioks; in contrast to
positive associations for medium and low exposure to electric shocks (Table idaBarg we
observed inverse associations for those in electric occupations with high imégitteexposure
and positive associations for low and medium magnetic field exposure (Table 4-5).

We observed inverse associations within certain welding occupations (OR=0.77, 95%
Cl: 0.55, 0.89), with stronger inverse associations in unadjusted odds ratios (OR=0.65, 95% CI:
0.52, 0.82). Among welding occupations, we observed an association similar in magnitude for

those less than 65 years of age and age 65 years or greater (Table 4a3yroeprwith high
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potential for electric shocks, the association approached the null for welding tiaes g
compared to non-welders, which was not observed for high MF group (Table 4-3). Anélysi
welding occupations by electric shocks or magnetic fields did not reveal a eoheist

remarkable pattern (data not shown).

Discussion

Among U.S. deaths occurring between 1991 -1999, we found increased associations
between electric occupations and ALS. We found inverse associations betwgestiocal
electric shocks and ALS mortality and no consistent associations betwegrabanal MF
exposure and ALS mortality. In our analysis, electric shocks and MF did not acootimé f
positive association observed for electric occupations. To our knowledge, this viiest the
attempt to disentangle two correlated exposures within the electric occupatieimanment in a
large dataset. However, several potential biases must be addressed tanohdeestesults of
this study. For this analysis, we assumed that usual occupation was the lonbestinghtion
and the electric shock-MF JEM captured information relevant to each individual who died. The
main biases stem from potential exposure misclassification on at lealevisis: first, the
reliance on occupation in the death certificate and, second, the electric stonkgnetic field
exposure assignment.

Electrical trauma injuries have been implicated in several ALS occupatiasalreports
and case control studies, although differential reporting bias or the pogsitatilimb weakness
led to the electrical injury (reverse-causation) was not investiga®e[[19, 20, 32-36]. Electric

shocks as a potential explanation for increased risk of ALS among “elaatripations” [19, 20,
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37], has not been evaluated to date [38]. Thus, we focused on applying an electric shock JEM
with pre-categorized occupations, to mortality data.

Application of the electric shocks JEM has likely resulted in a large arxgpos
misclassification and was dependent upon occupation denoted on death certificates. The
developed electric shock JEM reflects severe electric shocks rathdyattedy perceptible
shocks, and we acknowledge uncertainty as to etiologic relevance of eithethdless, we
expect the electric shocks JEM to perform better than a random assignmeydafre. Severe
electric shocks may cause someone, to modify their work practices, or to seejoh eaturely
and avoid repeated, perhaps less severe electric shocks. In a review of gudlssheeports
and studies, stronger shocks resulted in non-progressive motor neuron disease wlikreas mi
events in ALS [39]. Severity should be added to an electric shocks JEM and associations
examined across severe to mild electric shocks levels.

Death certificate occupation is a poor surrogate for lifetime ocauzdthistory [40].
People who live longer may have more than one occupation, leading to misckassibta
occupation, consequently electric shocks and MF exposures. Type of occupation anaySES
determine whether or not workers seek multiple jobs in a lifetime. One U.S. prospdcs
study reported more than 40% of the cohort held more than one job [16]. Low SES may require
a person to have many jobs while high SES may not. Death certificatesmagsa better
proxy for lifetime occupation among highly educated or trained workforce.

Past death certificate occupational coding could vary by state, for exaroglgpation at
time of death, longest held occupation, or occupation/employer paying the insurance may be
recorded rather than actual job [41]. Coding protocols have been developed touassast f

directors and registrars and reduce inaccuracies with occupation [42.0Bigcl6 to 21 states
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reported occupation for the study period, missing death certificate datzwpational title
could create selection bias if “missingness” is dependent upon the outcome of, iatgresure
and SES [43].

Suggestive potential ALS risk factors include: cigarette smoking and race 48].44-
Smoking as a ALS risk factor is debated by researchers, a recent meyasisarfal8
publications observed an odds ratio of 1.28 (95% CI. 0.97-1.68), for current versus never
smokers [47]. Mortality rates have been observed to be higher among whitesexbiogdaacks
and other ethnicities [3]. We found limited support for “non-white” as protectwe ALS. A
study in the Netherlands identified lower socioeconomic status (SES)sksfactor, using
education level as a proxy [48] and other studies have been inconsistent [48, 49]. SES refle
occupation, education, income and household conditions, and is dependent upon the population.
In our data, cases were higher educated than the controls, and to the extent education
misclassifies SES [50] and underlying SES related to ALS, residuawwiihg due SES may
be present in our analysis.

The association between electric occupations and ALS death was conssiever,
increased odds of ALS death were not observed for high electric shocks or MF exfdssire.
finding supports an alternative hypothesis that some factor unrelatedtt@ elleacks and MF
may account for this association. Positive associations between ALS antawenty
occupational exposures have been found: metals [51], such as lead [52-54], pesti€dés [55
solvents [49, 58], aspects of strenuous physical activity [15, 59, 60], and physical trauma,
including head injury, and skeletal fractures [15, 20, 57, 61, 62], [45, 63]. We had no data on

these other potential occupational risk factors.
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Mortality data may be a reasonable substitute for ALS incidence, asadisé¢atal and
with an average duration of 1-3 years [64]. In Italy, accuracy of motor nes®@asdias primary
cause of death was examined and found to be underestimated [65]. A follow-up of Ab& patie
from a 1980s study found that death certificate data reporting accuracy was 92% [66].
Case ascertainment could reflect regional differences due to physiciateigewef ALS
diagnosis [67, 68], changes in disease coding [69] and worker access to health care, which ma
vary by SES [67, 68]. Although disease misclassification is to some extenmitp/dse
mortality data is useful to explore the electric occupations, MF and elskticks hypotheses.
We present a first attempt to elucidate the relationship between ekctoupations, electric

shocks, MF and ALS in a large set of data.

Conclusions

In the present study, we observed exposure to occupational electric shocks todadyinver
associated with ALS deaths in the U.S. population, 1991-1999. However, there are no other
studies that have evaluated electric shocks and ALS to compare results. Exposure
misclassification of electric shocks is likely a large source of biasilgBito past studies, we
detected a positive association between electric occupations and death d&e tm Alur
examination, neither electric shocks nor MF explained the association bete&en e
occupations and ALS. Application of the electric shocks JEM to an alternate dagtsourc
assess electric occupations with complete job histories and information ondbESoe
informative. Future work should expand MF to occupations with no measurement data, quantify
the degree of potential biases in the analyses, and incorporate new informationpatiocal

electric shocks, such as industry-level data and degree of severity.
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Table 4-1. Electric and welding occupational groups

Group 1990 BO&Code

Electric Occupations

Welding occupations

2U.S. Bureau of Census

55
213
228
523
525
526
527
529
533
555
575
576
577
695
773

544
557
585
587
597
643
783

Occupational Title
Electrical and electromigineers
Electrical and electronic technicians
Broadcast equipment operators
Electronic repairers, communications and itrdalsequipment
Data processing equipment repairers
Household appliance and power tool repairers
Telephone line installers and repairers
Telephone installers and repairers
Misc. electrical and electronic equipment iegra
Supervisors, electricians and power transongsistallers
Electricians
Electrician apprentices
Electrical power installers and repairers
Power plant operators
Motion picture projectionists
Millwrights

Supervisors, plumbers, pipefitters, and steters
Plumbers, pipefitters, and steamfitters
Plumber, pipefitter, and steamfitter appresic
Structural metal workers
Boilermakers
Welders and cutters
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Table 4-2. Characteristics of the study population, U.S. multiple cause of deafl984t1999

Age

Education

Ethnicity

Race

Occupational
Groups

Male

20-44 years
45-64 years
65-74 years
75 years or greater

None to 8 years of school
9 — 12 years of school

13 or more years of school
Not stated

Non-Hispanic
Hispanic
Unknown

White

Black

American Indian (includes
Aleuts and Eskimos)
Asian

Executive, Administrative and
Managerial Occupations
Professional Specialty
Occupations

Technicians and Related Support
Occupations

Sales Occupations
Administrative Support
Occupations, Including Clerical
Private Household Occupations
Protective Service Occupations
Service Occupations, Except
Protective and Household
Farming, Forestry and Fishing
Occupations

Precision Production, Craft, and
Repair Occupations

Machine Operators, Assemblers
and Inspectors

Transportation and Material
Moving Occupations

Handlers, Equipment Cleaners,
Helpers, and Laborers

Cases
No.
4672
385
2359
2538
2137
712
3193

2345
1169

7080
98
241

6977
377

18
47

1038
1175
170

787
898

79
120
488
298

1141
591
323

311

73

%

No.

63.0
5.2
31.8
34.2
29.0
9.6
43.0

31.6
11.7

95.5
0.3
3.2

94.0
51

0.2
0.6

14.0
15.8
2.3

10.6
12.1

1.1
1.6
6.6
4.0
15.4
8.0
4.4

4.2

Controls

46720
3850
23590
25380
21370
10405
34616

16040
13129

70793
1422
1975

63489
9612

401
688

7994

7802

1543

6886
7676

1291
1182
7307
3587
11799
7218
4449

5456

63.0
5.2
31.8
34.2

29.0
14.2
46.6

21.6
17.8

95.4
2.0
2.7

85.6
13.0

0.5
0.9

10.5
10.5
2.1

9.1
10.4

1.7
1.6
10.0
4.7
16.2
9.8
5.9

7.6



Industry

Agricultural, Forestry, and
Fisheries

Mining

Construction

Manufacturing
Transportation,
Communications, and Other
Public Utilities

Wholesale Trade

Retail Trade

Finance, Insurance and Real
Estate

Business and Repair Services
Personal Service
Entertainment and Recreation
Services

Professional and Related
Services

Public Administration

Active Military Duty

Retired; with no other industry
reported

Other, Blank, Unknown, NA

Source: National Center for Health Statistics

74

302
110

521
1879

656
172
898

356
228
259

59

4.1
15

7.0
25.3

8.8
2.3
12.1

4.8
3.1
3.5

0.8
19.7

6.0
0.1

0.0
0.9

3421

937

6659
18960

6340
1564
9016

2842
2765
3505

738
12293
4111
69

13
959

4.5
1.4

9.0
25.5

8.7
21
121

3.7
3.8
4.7

0.9
16.6
5.5
0.1

0.0
13



Table 4-3. Association of amyotrophic lateral sclerosis and electric adéchg/@lccupations within strata of age, high electric shocks
and high magnetic fields, U.S. multiple cause of death data 1991-1999

Electric Occupations Welding Occupations

Adj. OR° 95% ClI Adj. OR 95% ClI
Overall 1.23 1.04,1.47 0.70 0.55, 0.89
Age less than 65 1.64 1.28,2.10 0.69 0.47, 1.02
Age 65 or greater 0.97 0.74,1.34 0.70 0.53,0.94
High electric shocks 1.48 1.05, 2.08 0.86 0.6131.2
Not high electric shocks 1.46 1.15,1.85 0.68 01383
High MF &3 uT) 1.05 0.65, 1.72 0.58 0.32,1.04
Not high MF (< 3 uT) 1.34 1.07,1.69 0.77 0.5981.

@Conditional logistic regression models adjustedeftucation (none -8 years (reference), 9-12 yda8r4,7 years), ethnicity (Hispanic or not (referéhcand

race (White (reference), Black, Native American &sihn).
Source: National Center for Health Statistics
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Table 4-4. Exposure distribution and association of amyotrophic lateral sckEndsi€cupational magnetic fields and electric shocks,
U.S. multiple cause of death data 1991-1999

Adj. OR® 95% ClI
Cases Controls
Number % Number %

Magnetic Fields
High 503 8.5 5171 9.0 1.09 1.00, 1.19
Medium 4748 80.7 45517 78.9 1.09 0.96, 1.23
Low 635 10.8 6979 12.1 1.0 1.0
Electric shocks
High 832 14.2 11941 20.7 0.73 0.67,0.79
Medium 1356 23.0 14509 25.2 0.90 0.84, 0.97
Low 3698 62.8 31217 54.1 1.0 1.0

@Conditional logistic regression models adjustedeftucation (none -8 years (reference), 9-12 yda8r4,7 years), ethnicity (Hispanic or not (referéhcand
race (White (reference), Black, Native American &sihn).
Source: National Center for Health Statistics
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Table 4-5. Association of amyotrophic lateral sclerosis and electric shoaggeetit fields and electric occupations, U.S. multiple
cause of death data 1991-1999

Electric Shocks Magnetic field§
High Not High High Not High
Electric Occupations ngJc 95% Cl Adj. OR 95% Cl Adj.OR 95%Cl Adj. OR 95% ClI
Yes 0.84 cl).gg, 148 117,188 076 053,1.08 140 1.11,1.75
0.68,
No 0.75 0.81 1 - 1.00 0.90, 1.12 1 -

@ One conditional logistic regression model containglectric shocks (ES) (high or not), electricugzations (yes or no) and ES x electric occupations

® One conditional logistic regression containing metig fields (MF) (high or not), electric occupatigyes or no) and MF x electric occupations

¢ Conditional logistic regression models adjustadeftucation (none -8 years (reference), 9-12 yda&4,7 years), ethnicity (Hispanic or not (refermycand
race (White (reference), Black, Native American &sghn).

4 Crude ORs - Electric shocks: OR = 0.62, 95% @800.67; Magnetic Fields: OR = 0.94, 95% CI:5).8.04; Electric Occupations: OR =1.38, 95% C15]..
1.62

Source: National Center for Health Statistics
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5. Conclusions

The purpose of this dissertation was to evaluate potential role of occupational exposur
magnetic fields and electric shocks in the development of NDD. This was @lcsioed by first,
conduct a meta-analysis of occupational magnetic fields (MF) exposure @odegenerative
diseases, second, to develop a tool to evaluate electric shocks and amyotrophgclatesis
(ALS) and, finally, to examine whether specific aspects of “electrictipation environment are
related to ALS mortality in the U.S. worker population between 1991-1999.

Several scientific reviews have evaluated the relationship of occupatiénahi
neurodegenerative diseases. Occupational MF studies that focused on Afshdisease (AD)
found weak associations. While occupational studies have found consistent assdigaters
“electrical occupations” and ALS. No sufficiently powered researclekained electric
shocks with, an often-cited potential risk factor for ALS, and motor neuron didéiE®). This
dissertation attempts to examine: 1) the use of occupational titles as aqrrbMdy €éxposure in
existing occupational MF neurodegenerative disease literature, 2) ootigpatposed to electric
shocks, and 3) the association between electric shocks, MF and ALS deaths.

Chapter 2 examines the body of literature on occupational electromaggidscahd
neurodegenerative diseases, in addition to the differences between studies witthaut
measurements. We explored differences between the studies examiningiocalpMF and
motor neuron disease (MND) including ALS, AD, Parkinson’s disease, multipl®sis, and
dementia. We found weak associations of occupational MF exposures with both AD and MND.
Risk of developing MND was associated with electric occupations, while AD rislagsociated
with estimated MF levels. Our results suggest that AD associations eaplamed by

publication bias. This finding is consistent with the current scientific reviad/sapports the
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evaluation other exposures within the electric occupation environment and MND.
Misclassification of disease coupled with imprecision related to expos@ssasmnt likely
affected all studies. Our findings suggest future work should incorporate improgentent
exposure assessment, such as MF measurements of women and other gieetatsl
exposures.

Chapter 3 describes the creation of a population electric shocks job exposure matrix
(JEM). Using expert judgment and available data on occupational electric simocks
electrocutions, we created a tool to evaluate the relationship between occlie#ticina
shocks and amyotrophic lateral sclerosis. We found the largest number aof slemtks
occurred among precision production, craft, and repair occupations groups. By occupational
title, cooks, janitors and cleaners and miscellaneous laborers had the highwst oiuehectric
shocks. The final assessment of electric shocks into categories of low, mediughand hi
exposure for 501 U.S. Bureau of Census occupational titles allows for furthesign&lyture
work should also account for uncertainties in the data sources and exposure assessment

Chapter 4 investigates associations between occupational electric shécksdM
amyotrophic lateral sclerosis among deaths occurring in the U.S. The resulthif study
demonstrated inverse associations between occupational electric shocksSamdeAfound no
association between occupational MF and ALS, but we found weak associations between
“electric occupations” and ALS. However, neither electric shocks nor MRieegl the
association between electric occupations and ALS. Given the limitations of‘'usuaj
occupation”, application of electric shock JEM to an alternate data source wélcamoplete or
verified job histories would be informative. Future work should expand the MF JEM to

occupations with no measurement data, incorporate new information on occupational electr
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shocks, such as industry-level data and degree of severity, and quantify the dpgteata
biases in the analyses.

There are numerous strengths to the work conducted. First, we provide a review of
published literature on occupational MF and neurodegenerative disease and, moraiipporta
highlight important study characteristics to improve upon for future studies.eXpasmded
review included all relevant occupational titles with and without MF measuatsrappearing in
PubMed through 2011. Our work indicates that, for MND, other exposures within the electric
occupation environment be evaluated. As such, we created the first population-bdsed elec
shocks JEM for use in epidemiologic studies. Finally, we investigated occupatentatel
shocks and with a dataset containing more than 7000 ALS cases, our sample sizecaglguffi
powered to detect a possible association, should it exist.

Despite the strengths of the presented work, several limitations need totec: In
the neurodegenerative meta-analysis, articles were sought from a peerjoewinal database,
which were English language-based, which could have contributed to the publication bias we
noted. Studies finding no association might be more likely to be rejected from jaartiass
pool and eventually appear in unindexed or non-English journals. Biases may have been
introduced by original study author decisions of variable definitions, refegeaaps, metrics
and cutpoints and selective presentation of the results. These limitations coulddssedidr
using sensitivity or bias analysis. The presence of publication bias needsddréssed prior to
embarking upon such a large effort.

With regards to the assessment of electric shocks exposure, improvemedtsc® r
exposure misclassification are needed. The presented job exposure matongaucted using

nationally available data on severe workforce accidents and expert knowfesgekplace risk
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factors contributing to those shocks. An absence of measures to judge theseeexposur
assignments is a limitation to this work. Nonetheless, incorporating expertaimyento the
JEM would assist in identifying to direct such improvements e.g. where thenation is

needed. Other aspects, which could inform our understanding of the role of elecks @ho
ALS etiology, are the severity of the shock event, as well as, informatidredypte of industry.
Both of these dimensions could be incorporated into the electric shock JEM using addétanal
and expert judgment.

In the analysis of electric shocks, MF and ALS mortality, we used “usual ocmipati
provided on the death certificate combined with two job exposure matrices for thefbasi
exposure. The assumptions we made were that “usual occupation” reported on the death
certificate was accurate and, when applied, that the electric shockpmtuex matrix would
result in a reasonable classification of exposure. Use of death cediftoatteibutes to exposure
misclassification, nonetheless, the mortality data provide a rich soude¢eofo explore
etiologic hypotheses.

Overall, we noted weak associations between occupational MF and MND and AD in
published studies. The risk of MND was associated with occupational titles werpoged to
MF, while AD risk was associated with estimated MF levels. Publicatiorfdyi@d may
explain part of this observed association. Misclassification of disease @ovigilamprecision
related to exposure assessment likely affected all studies. ImprogameRrposure assessment
include disentangling the electric shocks and MF exposures in occupations. Odostutly
inverse associations between occupational electric shocks and ALS. We found rati@assoc
between occupational MF and ALS, but found weak associations between “electriatmesip

and ALS, which could not be explained by MF or electric shocks. Like in theanatgsis, the
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findings are uncertain in light of the likelihood for electric shock exposiselassification.
However, it is important to continue work in the area of occupational exposure assegs@EN

the aging workforce and large public health impacts of neurodegenerativeediseas
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Appendix 1. 179 Occupational titles without electric shocks or electrocution informati

t

n

@

BO
BOC | Occupational Title BOC| Occupational Title BOC cdDpational Title C Occupational Title
3 | Legislators 1170 Natural science teachers, n.g.c. 227 | Air traffic controllers 468 Child care worken.e.c.
Administrators and officials, public
administration 118 Psychology teachers 233  Tomj@mmmers, numerical control 413  Farmers, exiegtcultural
Administrators, protective service 119  Econonéexhers 234  Legal assistants 474  Horticulgpatialty farmers
Personnel and labor relations managers 123  mMittachers 254 Real estate sales occupations AMénagers, horticultural specialty farms
Securities and financial services sales
9 | Purchasing managers 124  Political science tesiche 255 | occupations 489 Inspectors, agricultural products
Administrators, education and related Supervisors, forestry, and logging
14 | fields 125| Sociology teachers 263 Sales workedgor vehicles and boats 494workers
Captains and other officers, fishing
15 | Managers, medicine and health 126 Social seitgarhers, n.e.c. 265 Sales workers, shoes ARBsels
Demonstrators, promoters and models,
16 | Postmasters and mail superintendents 127 Eergigeteachers 2838 sales 498| Fishers
19 | Funeral directors 128 Mathematical sciencehe@c 284| Auctioneers 499 Hunters and trappers
24 | Underwriters 129 Computer science teachers 28&les support occupations, n.e.c. 506 Automaobdehanic apprentices
Camera, watch, and musical instrumen
26 | Management analysts 133 Medical science tesicher 305| Supervisors, financial records processing 35 |Srepairers
Buyers, wholesale and retail trade,
29 | except farm products 134 Health specialties taache 309 | Peripheral equipment operators 536 Lodksnaind safe repairers
Business, commerce, and Supervisors, brickmasons, stonemaso
34 | Business and promotion agents 13Barketing teachers 314  Stenographers b%Md tile setters
Agriculture and forestry
35 | Construction inspectors 136teachers 316 Interviewers 645 Patternmakers amthmakers, metal
43 | Architects 137| Art, drama, and music teachers 317 | Hotel clerks 644 Lay-out workers
44 | Aerospace Engineer 138  Physical education tesiche 325| Classified-ad clerks 647  Precious stondawetals workers
46 | Mining 139| Education teachers 326  Correspoceleferks 654] Sheet metal worker apprentices
47 | Petroleum 143  English teachers 329 Libramksle 655 | Miscellaneous precision metal worker.
48 | Chemical 144  Foreign language teachers 338 rofPand timekeeping clerks 656 Patternmakersrandel makers, wood
49 | Nuclear 145 Law teachers 343 Cost and ratkscle 657 | Cabinet makers and bench carpenters
Communications equipment operators,
53 | Civil 146 | Social work teachers 353n.e.c. 658| Furniture and wood finishers
54 | Agricultural 147| Theology teachers 354 PaosiEks, except mail carriers 659 Miscellaneougigien woodworkers
58 | Marine and naval architects 148 Trade and indiiseachers 3585 Mail carriers, postal service 668 | Upholsterers
Dental laboratory and medical appliang
63 | Surveyors and mapping scientists 149 Home enmsaeachers 357 Messengers G7&chnicians
Material recording, scheduling, and
66 | Actuaries 153 Teachers, postsecondary, n.¢.c. 374 | distributing clerks, n.e.c. 687 Bakers
67 | Statisticians 154 Postsecondary teachers,gubje 377 | Eligibility clerks, social welfare 706 Millg and planing machine operators
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BOC | Occupational Title BOC| Occupational Title BOC cdDpational Title C Occupational Title
68 | Mathematical scientists, n.e.c. 156 Teach&mentary school 384 Proofreaders 729 Nailingtanking machine operators
69 | Physicists and astronomers 157 Teachers, sagoschool 386 Statistical clerks 736  Typesetteds compositors
73 | Chemists, except biochemists 158 Teachersiagdpeltication 387 Teachers' aides 784 Solderstdbeazers
74 | Atmospheric and space scientists 165 Archiastbcurators 403 Launderers and ironers B09 ca&hxdrivers and chauffeurs
75 | Geologists and geodesists 166 Economists 4040k private household 829 Sailors and deckhands
76 | Physical scientists, n.e.c. 167 Psychologists 405 | Housekeepers and butlers 834 Bridge, locklighthouse tenders
77 | Agricultural and food scientists 168 Socioltgis 406 | Child care workers, private household 450ngshore equipment operators
79 | Forestry and conservation scientists 169 Saciaehtists, n.e.c. 40y Private household cleaaraiservants 875 Garbage collectors
Supervisors, firefighting and fire
83 | Medical scientists 176 Clergy 413prevention occupations 876 Stevedores
85 | Dentists 177 Religious workers, n.e.c. 414 eBuipors, police and detectives
86 | Veterinarians 179 Judges 415  Supervisorsdguar
Fire inspection and fire prevention
87 | Optometrists 183  Authors 416occupations
88 | Podiatrists 186 Musicians and composers “18licePand detectives, public service
Sheriffs, baliliffs, and other law
89 | Health diagnosing practitioners, n.e.c. 187 ofsctnd directors 4238 enforcement officers
96 | Pharmacists 198 Dancers 4P5  Crossing guards
Artists, performers, and relateg
99 | Occupational therapists 194workers, n.e.c. 445  Dental assistants
103 | Physical therapists 195 Editors and reporters 457 | Barbers
104 | Speech therapists 199 Athletes 461 Guides
106 | Physicians assistants 204  Dental hygienists 62 |4Ushers
Earth, environmental, and marine Health record technologists and
113 | science teachers 205technicians 464 Baggage porters and bellhops
Industrial engineering
114 | Biological science teachers 2l4echnicians 466 Family child care providers
115 | Chemistry teachers 226 Airplane pilots andgeders 467| Early childhood teachers' assistants

BOC: 1990 U.S. Bureau of Census Code
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