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Abstract

Objective: The authors analyzed data on 1,049 men aged
71-93 years (excluding those with prevalent Parkinson’s
disease and stroke) from the Honolulu Heart Program
(1965-1968) and the Honolulu-Asia Aging Study (1991-
1999) to determine whether occupational exposures to
pesticides, solvents, metals, manganese, and mercury
during middle age were associated with 14 movement
abnormalities 25 years later. Methods: Analyses of vari-
ance and multivariate logistic regression were used to
assess associations of interest. Results: After adjustment
for age, BMI, cognitive functioning, smoking, alcohol
drinking, education, and physical activity, there was a
positive association between abnormal ‘facial expres-
sion’ and the highest exposure to metals [odds ratio
(OR) = 2.62; 95% confidence interval (Cl) = 1.35-5.11;
trend, p = 0.02], and the highest exposure to mercury

(OR =1.91; 95% CI = 1.04-3.49; trend, p = 0.03). Age was
positively associated with all movement abnormalities,
and cognitive function, body mass index and physical
activity were inversely associated with most movement
abnormalities. Conclusion: Higher exposure to any met-
al, and specifically mercury, was associated with abnor-
mal facial expression.

Copyright © 2006 S. Karger AG, Basel

Introduction

Associations have been identified between occupa-
tional exposures and both the incidence (or prevalence)
[1, 2] and severity [3-8] of neurological illness. Occupa-
tional exposure to mercury and manganese have been
positively associated with movement abnormalities such
as hand and arm tremors and mask-like facial appearance
[4, 5], and exposure to pesticides and hydrocarbon sol-
vents have been positively associated with Parkinson’s
disease (PD) [3, 6].
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The objective of this study was to determine whether
occupational exposures to pesticides, solvents and metals
assessed prospectively are associated with the develop-
ment of specific movement abnormalities associated with
parkinsonism that may occur in normal aging as well. Such
associations would provide evidence that the exposures
may cause injury to the extrapyramidal motor system.

Methods

Study Population

The participants in this study were Japanese-American men
who were participants in the Honolulu Heart Program (HHP) and
the Honolulu-Asia Aging Study (HAAS). The HHP began in 1965
as a prospective cohort study of cardiovascular disease and stroke,
and the HAAS was added in 1991 to investigate determinants of
various health conditions in the elderly. Informed consent was ob-
tained from the study participants and the study was approved by
an institutional review committee. A detailed description of the
methods of the HHP/HAAS has been previously published [9,
10].

Several exams have been conducted in the HHP and HAAS to
date. Exam I took place during 1965-1968 and included 8,006 men
who were between the ages of 45 and 68 years; exam I (1968-1970)
included 7,498 men from the original cohort; exam III (1971-1974)
included 6,860 men, and exam IV (1991-1993) included 3,845
men who were between the ages of 71 and 93 years. Participants
who were diagnosed with PD (n = 61) and stroke (n = 113) prior to
the first neurological exam (1991-1993) were excluded from the
analysis; 2 men had both diagnoses. The neurological exams for the
assessment of movement abnormalities took place during the
fourth, fifth, and sixth exams. A total of 1,221 men received neu-
rological evaluations at one or more of these exams, 426 during
exam IV (1991-1993), 752 during exam V (1994-1996), and 294
during exam VI (1997-1999), and of these, 172 were excluded be-
cause of a diagnosis of PD and/or stroke. Therefore, the study sam-
ple included 1,049 men without PD or stroke.

Assessment of Occupational Exposures

Information on occupational history was collected during ex-
ams I and III. No direct exposure measurements were made. Par-
ticipants were asked questions about their present and usual occu-
pation, and the age that they started and finished working in these
occupations.

Industrial hygienists from the National Institute for Occupa-
tional Safety and Health (NIOSH) assessed the potential for pesti-
cide, metal, and solvent exposure in each reported occupation [11].
They created four levels of exposure to the agent, indicating a score
of 0 for no potential of exposure, 1 for low exposure, 2 for medium
exposure and 3 for potential of high exposure. The ‘high’ classifica-
tion was assigned to those occupation/industry pairings judged to
have significant exposures that were frequently well above analyti-
cally detectable concentrations and were at least occasionally near
or greater than the Occupational Safety and Health Administration
(OSHA)-permissible exposure limits (PELs), if a PEL existed. A
‘high’ score meant that the industrial hygienists were confident that
the industry/occupation pairing would frequently be exposed to the

Occupational Exposures and Movement
Abnormalities

agent. The ‘medium’ exposure classification was assigned to those
occupation/industry pairings judged to involve tasks with detect-
able exposures to the selected agents, but which were considered to
usually be below the OSHA-PELSs. The ‘low’ exposure classification
was assigned to those industry/occupation pairings judged to oc-
casionally have undetectable exposures to the selected agents but
which would rarely approach the OSHA-PEL. A ‘0’ score indicated
that workers in the industry/occupation pairing were believed to
have little potential exposure to the agent. The scores not only re-
flected the industrial hygienists’ view of the intensity of exposure,
but also their confidence that jobs in these industries would mean
exposure to these agents. Even though information was collected
on ‘present’ and ‘usual’ jobs, ‘usual’ job was primarily used to de-
termine to which industry-occupation group workers should be as-
signed to determine their exposure. However, if participants had
none of the exposures in their usual job but had the exposures in
their present job at exams I and/or III, then that information (i.e.,
in present job) was used in creating a measure of cumulative expo-
sure. In addition, when exposures were present at both exams, the
exposures closest to the outcome (i.e., exposures in exam III) were
chosen. Exposure intensity scores (i.e., cumulative exposures) were
obtained by multiplying the appropriate levels of exposure (0, 1, 2,
3) to usual or present job at exam I or III by the number of years
exposed to the agent of interest. Exposure intensity scores were used
as continuous variables or categorized into four levels.

Assessment of Movement Abnormalities

A neurologist performed the motor examination section of the
Unified Parkinson’s Disease Rating Scale (UPDRS) [12] to par-
ticipants during exams IV, V and VI. The original coding for the
movement abnormalities included five levels: 0 indicated an ab-
sence of the abnormality, and 1-4 described the presence of gradu-
ally more severe abnormalities. For example, posture was origi-
nally coded as follows: 0 = normal erect; 1 = not quite erect, slight-
ly stooped posture, could be normal for older person; 2 =
moderately stooped posture, definitely abnormal; 3 = severely
stooped posture with kyphosis; 4 = marked flexion with extreme
abnormality of posture. Each movement abnormality variable was
recoded; if a subject received a score =1 on a UPDRS item, that
movement abnormality was considered present (1), otherwise it
was considered absent (0).

To examine movement abnormalities in relation to exposure
variables, the disorder data that was closest in time to the exposure
data (i.e., closest to exams I and IIT) was used. Thus, if a participant
had a measured value of movement abnormality at exam IV, then
that value was used. Similarly, if data at exam IV were missing,
then the measured value from exam V was taken if available, oth-
erwise the value was taken from exam VI. In addition to individu-
al movement abnormalities, movement abnormalities were placed
into groups for assessment with the occupational exposures. All 14
movement abnormalities were summed and the new variable was
dichotomized into ‘none’ versus ‘any’ disorders. Also, an indicator
variable was created that comprised increasing numbers (six levels)
of five movement abnormalities: ‘facial expression’, ‘posture’,
‘gait’, ‘rapid alternating hand movements’, and ‘rigidity’. For ex-
ample, level 1 of the new variable has zero, level 2 has one (‘facial
expression’), and level 6 has all five movement abnormalities.
These propensity scores were developed in an attempt to determine
the association between the exposures and multiple movement ab-
normalities. These specific movement abnormalities, ‘facial expres-
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Table 1. Prevalence of occupational exposure characteristics for study participants at exams I and IIT

Pesticide Solvent Metal Manganese Mercury
n % n % n % n % n %
Usual job exposure (exams I and III)
None (0) 909 86.7 393 37.5 530 50.5 815 71.7 865 82.5
Low (1) 25 2.4 425 40.5 386 36.8 155 14.8 150 14.3
Medium (2) 3 0.3 99 9.4 59 5.6 10 0.9 34 3.24
High (3) 112 10.7 132 12.6 74 7.1 69 6.6 0 0.0
Years of exposure
0 909 86.7 393 37.5 531 50.6 815 71.7 870 82.9
>0-15 40 3.8 117 11.2 83 7.9 44 4.2 28 2.7
16-30 72 6.9 294 28.0 219 20.9 106 10.1 72 6.9
31+ 28 2.7 245 23.4 216 20.6 84 8.0 79 7.5
Intensity scores'
None 909 86.7 393 37.5 531 50.6 815 71.7 870 82.9
Low 53 5.1 412 39.3 355 33.8 142 13.5 55 5.2
Medium 45 4.3 146 13.9 107 10.2 49 4.7 57 5.4
High 42 4.0 98 9.3 56 5.3 43 4.1 67 6.4

! Categories for exposure intensity scores (i.¢., cumulative exposure) to mercury are 0, 1-25, 26-36, = 37; categories for all other agents

are 0, 1-39, 40-79, =80. Total sample = 1,049 men.

sion’, ‘posture’, ‘gait’, ‘rapid alternating hand movements’, and ‘ri-
gidity’, were chosen because, in the multivariate analyses, they were
more likely than the others to be related to at least one occupation-
al exposure.

Assessment of Covariates

In exam I, a physical examination was performed and self-ad-
ministered questionnaires were completed by each subject. Par-
ticipants were re-examined and re-interviewed at subsequent ex-
ams. Body mass index (BMI) was calculated; a physical activity
index was created by multiplying estimated oxygen consumption
in liters per minute required for each activity by a weighting factor
and summing those values for each level of physical activity [13].
From information obtained in the questionnaires, pack-years of
smoking and ounces of alcoholic beverages consumed per month
were created. Participants reported the number of years of educa-
tion completed. Beginning at exam IV, the Cognitive Abilities
Screening Index Instrument (CASI) was used to assess cognitive
function [14]. CASI score was analyzed as a continuous and as a
dichotomous variable — impaired cognition (CASI <74), and nor-
mal cognition (CASI >74). Information on all covariates was as-
sessed at exam IV.

Statistical Methods

All analyses were conducted using SAS version 8.02 [15]. Fre-
quencies were obtained for all occupational exposure variables
and covariates separately, and in association with each movement
abnormality. Trend was assessed by using the Cochran-Armitage
Trend Test and general linear models. Analysis of variance was
used to obtain the mean levels of covariates by occupational ex-
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posure category. Multivariate logistic regression models were used
to assess associations of interest (using the first level as the refer-
ent) as well as confounding and effect modification. Age, BMI,
smoking, alcohol consumption, CASI score, education, and phys-
ical activity were assessed for potential confounding and effect
modification in associations of occupational exposures with move-
ment abnormalities.

Results

The prevalence of occupational exposure varied wide-
ly (table 1). Jobs with solvent or any metal exposure were
most common. For usual job exposure, the prevalence
ranged from 13.4% for any pesticide exposure to 62.5%
for any solvent exposure. For mercury exposure, no par-
ticipants had ‘high exposure’. Approximately 10% of men
had =15 years of pesticide exposure compared to 51%
who had the same duration of solvent exposure. Exposure
intensity scores also followed the above pattern for all of
the exposures.

The five movement abnormalities with the highest
prevalence in this population were abnormal ‘hand move-
ments’ (63.8%), ‘rapid alternating hand movements’
(62.1%), ‘rigidity’ (59.6%), abnormal ‘posture’ (58.6%),
and abnormal ‘foot agility’ (57.0%) (table 2). The major-
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Table 2. Prevalence of movement abnormalities by age at exam IV, 1991-1993*

Movement abnormalities Age, years All ages
71-74 75-78 79-82 >83

Hand movements 45.9 (207) 57.5(320) 68.8 (208) 80.6 (278) 63.8 (1,013)
Rapid alternating hand movements 39.3 (206) 56.5 (317) 68.9 (206) 81.0 (268) 62.1(997)
Rigidity 42.5(212) 56.5 (322) 64.8 (210) 71.8 (291) 59.6 (1,035)
Posture 33.2 (208) 51.4 (317) 64.1 (209) 81.4 (280) 58.6 (1,014)
Foot agility 36.4 (206) 56.5 (315) 55.9 (204) 74.6 (264) 57.0 (989)
Finger taps 38.9 (208) 51.4 (321) 62.0 (208) 71.5 (281) 56.6 (1,018)
Body bradykinesia 22.8 (211) 35.0(323) 42.7 (211) 67.8 (292) 43.3(1,037)
Gait 21.6 (213) 33.0 (3138) 44.5 (209) 65.5 (287) 42.1(1,027)
Postural stability 21.4(210) 30.9 (311) 48.0 (204) 61.6 (268) 40.7 (993)
Facial expression 22.5(213) 22.0(323) 37.0 (211) 51.7 (296) 33.6 (1,043)
Speech 17.3 (214) 20.1 (324) 31.3(211) 49.3 (296) 30.1 (1,045)
Hand tremor 25.8 (209) 24.5(323) 29.1 (210) 34.6 (280) 28.5(1,022)
Arising from chair 13.4 (209) 19.9 (317) 27.5(207) 43.6 (275) 26.6 (1,008)

Prevalence in percentages; total number in parentheses.
Total sample = 1,049 men.

* One-sided trend p value <0.01 for all movement abnormalities.

ity of participants (91%) had =1 abnormalities with this
panel of tests (data not shown). Only 2.1% of participants
reported having ‘tremor at rest’ (not shown in table 2).
Due to the small numbers in this category, ‘tremor at rest’
was removed from further analyses. Prevalence of all
movement abnormalities increased notably with increas-
ing age (p for trend <0.01).

Study participants ranged in age from 71 to 93 years,
with a mean age of 79 years (table 3). The mean BMI was
23(99% of the men had a BMI = 31) and the mean years
of education was 9.6 years (range 2-24 years). Among
participants who provided the information, 40% were
never smokers, 54% were past smokers, and 6% were cur-
rent smokers; 42% had never used alcohol, 24% had con-
sumed alcohol in the past, and 34% currently drank alco-
hol (data not shown).

Significant trends were observed between several co-
variates and the exposure intensity scores (table 3). With
increasing levels of all occupational exposures, mean lev-
els of age increased while CASI scores and years of edu-
cation decreased overall. In general, mean values of BMI,
and smoking and alcohol consumption were not associ-
ated with the exposures; non-smokers and non-drinkers
were excluded from these analyses. An exception in-
volved mercury exposure, where increasing levels of al-
cohol consumption were associated with increasing levels
of exposure (p = 0.033).

Occupational Exposures and Movement
Abnormalities

Cognitive ability (CASI score), BMI, and physical ac-
tivity were inversely associated with increasing preva-
lence of most movement abnormalities (data not shown).
BMI was not associated with prevalence of ‘arising from
chair’ and ‘hand tremor’, and physical activity was not
associated with ‘hand tremor’.

Logistic regression analyses revealed associations be-
tween exposure intensity scores to metals and one move-
ment abnormality (table 4). There was a positive associa-
tion between metal exposure in the highest category and
abnormal (i.e., fixed or mask-like) ‘facial expression’ after
full adjustment (OR = 2.62, 95% CI = 1.35-5.11, p for
trend = 0.02). A significant positive association was also
observed between persons in the highest level of mercury
exposure and abnormal ‘facial expression’ (OR = 1.91,
95% CI = 1.04-3.49, p for trend = 0.03). The association
between manganese exposure and abnormal ‘facial ex-
pression’ (OR = 1.71, 95% CI = 0.81-3.61, p for trend =
0.08) and abnormal ‘posture’ (OR =1.99,95% CI=0.91-
4.36, p for trend = 0.09) were elevated but statistical sig-
nificance was borderline.

While heavy pesticide exposure more than doubled
the likelihood of an abnormality in ‘rapid alternating
hand movements’, after adjustment for age and other
factors, the association was no longer significant (table
4). In contrast, there was an inverse association between
heavy pesticide exposure and ‘gait’ after risk factor ad-
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Table 3. Mean levels of participant characteristics at exam IV by exposure intensity at exams I and III

Participant Intensity® Pesticide Solvent Metal Manganese Mercury Overall
characteristic
n mean * SD n mean = SD n mean + SD n mean * SD n mean * SD mean * SD

Age, years None 907 79.2%5.1 391 79.4%£5.1 529 79.5£5.1 813 79.3£5.1 867 79.4%52 79.3£5.1

Low 52 78.0%3.8 411 79.0+5.2 354 78.5%5.0 141 78.5%5.2 55 77.5%4.5

Medium 45 80.4+52 146 79.7+5.1 107 80.8%+5.3 49 81.3%5.6 57 774x4.1

High 42 83.5%+5.7 98 80.1%5.1 56 80.3%£5.2 43 79.7+49 67 81.3%£52

Ptrend <0.0001 <0.0001 <0.0001 <0.0001 0.0049
BMI, kg/m> None 865 23233 374 23.0%3.1 505 23.1%3.1 776  23.1+3.3 823 232%33 23.2+32

Low S1  242%35 392 23.5+33 337 234%£35 132 23.7+3.0 53 23.8%+34

Medium 40 23229 138 23.4%3.6 100 23.1+3.2 45 232%32 57 23.5%3.1

High 38 23.0%2.9 90 22.8%2.9 52 23.5%29 41 23.5%+3.0 61 23.1%£32

Ptrend 0.7514 0.0559 0.6936 0.7760 0.6735
Physical None 806 30.5%4.6 348  30.1%4.3 472 30.1+4.2 719 30.3+4.4 770  30.4+4.7 30.6+4.7
activity Low 48  32.1%6.2 367 31.0%5.2 314 31.0x5.1 130 31.5%+6.2 50 31.0%4.6

Medium 37 29.6+x44 132 30.4x4.7 95 30.9£5.5 44 31.1%x5.3 52 31.6x5.4

High 39 31.2%4.5 83 31.5%4.5 49 32.6x4.9 37 32.5%4.5 58 31.7x£4.9

Dtrend 0.9710 0.0012 <0.0001 0.0008 0.0186
CASI score None 906 75.9+19.3 391 76.3%19.3 529  75.6%x19.5 812 75.3%£19.6 865 75.3£19.8 75.6£19.4

Low 52 78.6x13.1 410 75.6x19.1 352 76.6x17.9 140 79.2+17.0 55 78.8%£18.2

Medium 44 70.1£22.5 145 742+204 107 72.5+232 49 70.9+20.9 57 79.8£10.8

High 42 71.2+226 98 74.2%19.9 56 74.1£18.7 43 74.4%20.2 67 73.2%19.9

DPtrend <0.0001 <0.0001 <0.0001 0.0008 0.0443
Education None 907  9.8%3.1 391 10.6%x3.4 529 10.2£3.2 813 9.8+3.1 867 9.7x3.1 9.6+3.1
years Low 52 8.8%28 411 9.2%2.8 354 9.3£3.0 141 9.5%3.1 55 9.7£3.1

Medium 45 7.8+34 146 9.2+2.7 107  8.8%3.1 49  8.6%3.1 57 9227

High 42 9.6%x3.6 98 8.3x24 56  84%22 43 8.7%23 67 9.0%x39

Ptrend 0.0137 <0.0001 <0.0001 0.0004 0.1430
Pack-years None 472 42.4%36.0 186 40.7+329 259 429+353 415 43.2%36.1 443 43.5%+355 42.4+352
of smoking® Low 20 44.8+299 228 44.0+37.1 205 40.7+34.1 75 42.1%£33.7 33 41.5%37.1

Medium 20 48.0+31.4 76 46.6%+35.9 44 54.8%42.4 26 39.7+319 34 35.1%£29.6

High 23 34.8+24.7 45 34.4%32.8 27 30.4+2338 19 30.3x22.4 25 34.4%342

Ptrend 0.7110 0.2741 0.3665 0.1279 0.1017
Alcohol None 453 10.06+15.77 181 10.80%+20.08 248 10.11%+16.50 386 9.98+16.10 409 9.55+13.95 10.02+15.22
consumption® Low 20 9.09%+10.23 198 8.99+9.92 172 8.59%10.20 72 9.63%+10.55 26 10.24%+11.05
g/month Medium 18 10.23£8.79 74 8.85%+9.84 58 13.05+20.61 31 7.70%9.55 38 10.98%+13.22

High 20 10.00+11.33 58 12.59+17.93 33 11.44£15.71 22 15.16+18.11 38 13.98+27.74

Ptrend 0.5911 0.8712 0.6624 0.5221 0.0333

2 Categories for exposure intensity scores (i.e., cumulative exposure) to mercury are 0, 1-25, 26-36, = 37; categories for all other agents are 0, 1-39, 40-79,

=80.
b Pack-years of smoking include only current and former smokers.

¢ Alcohol consumption includes only current and former drinkers. Mean values of grams were divided by 100 for convenience.

justment, p for trend = 0.04. There was no association
of exposure to solvents and movement abnormalities
and there was no evidence of effect modification be-
tween the main exposures and the seven covariates pre-
sented in table 3 for any of the movement abnormali-
ties.

No trend was observed between the occupational ex-
posures and an indicator variable that comprised increas-
ing numbers of these five movement abnormalities: ‘rap-
id alternating hand movements’, ‘rigidity’, ‘posture’,
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‘gait’, and ‘facial expression’. This analysis was repeated
with ‘body bradykinesia’ replacing ‘facial expression’;
there was no change in the results. As the number of
movement abnormalities increased, (a) the proportion of
persons with low CASI scores (<74) increased (p<0.001),
(b) the proportion of relatively younger persons (71-78
years) decreased (p < 0.001), and (c) the proportion of
persons who were less physically active (physical activity
score 24-29.0) increased (p < 0.001) (data not shown).
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Table 4. Association between occupational exposure intensity® and selected movement abnormalities, unadjusted and adjusted odds
ratios and 95% CI and p values from logistic regression models

n Unadjusted Age adjusted Risk factor adjusted®
OR 95% CI OR 95% CI OR 95% CI Dtrend
Pesticides
Rapid alternating hand movements
None 868 1.00 1.00 1.00 0.35
Low 51 0.76 0.43-1.34 0.81 0.45-1.46 1.00 0.53-1.93
Medium 44 1.09 0.58-2.04 0.93 0.48-1.80 0.87 0.40-1.91
High 37 2.26 1.02-4.99 1.45 0.63-3.34 1.97 0.80-4.87
Posture
None 884 1.00 1.00 1.00 0.46
Low 50 0.72 0.41-1.27 0.77 0.42-1.40 0.82 0.43-1.59
Medium 44 2.44 1.19-0.99 2.25 1.06-4.77 1.55 0.68-3.55
High 39 0.93 0.49-1.77 0.45 0.22-0.93 0.59 0.27-1.27
Gait
None 895 1.00 1.00 1.00 0.04
Low 50 0.62 0.34-1.15 0.66 0.35-1.27 1.01 0.51-2.02
Medium 45 0.97 0.53-1.78 0.79 0.41-1.51 0.73 0.33-1.60
High 40 0.71 0.37-1.38 0.35 0.17-0.71 0.40 0.18-0.90
Facial expression
None 908 1.00 1.00 1.00 0.22
Low 50 0.56 0.28-1.11 0.63 0.32-1.27 0.80 0.37-1.74
Medium 45 1.58 0.87-2.89 1.42 0.76-2.67 1.25 0.57-2.71
High 42 1.10 0.58-2.10 0.67 0.34-1.32 0.62 0.28-1.39
Solvents
Rapid alternating hand movements
None 372 1.00 1.00 1.00 0.77
Low 395 1.03 0.77-1.38 1.08 0.80-1.47 1.20 0.85-1.70
Medium 138 1.03 0.69-1.55 0.99 0.65-1.51 0.97 0.61-1.53
High 95 1.02 0.64-1.63 0.92 0.56-1.49 0.98 0.56-1.69
Posture
None 379 1.00 1.00 1.00 0.84
Low 400 1.16 0.87-1.54 1.25 0.92-1.69 1.21 0.86-1.70
Medium 141 1.07 0.73-1.59 1.05 0.69-1.59 0.89 0.56-1.41
High 97 1.25 0.79-1.98 1.12 0.69-1.82 1.18 0.68-2.06
Gait
None 384 1.00 1.00 1.00 0.28
Low 405 0.92 0.70-1.23 0.96 0.71-1.30 1.03 0.73-1.46
Medium 144 0.95 0.65-1.40 0.91 0.60-1.37 0.93 0.58-1.48
High 97 1.46 0.93-2.28 1.35 0.84-2.17 1.50 0.86-2.59
Facial expression
None 392 1.00 1.00 1.00 0.19
Low 409 1.11 0.83-1.49 1.18 0.87-1.60 1.32 0.91-1.92
Medium 146 1.05 0.70-1.57 1.02 0.67-1.56 1.18 0.72-1.93
High 98 1.35 0.86-2.14 1.29 0.80-2.07 1.57 0.89-2.79
Metals
Rapid alternating hand movements
None 504 1.00 1.00 1.00 0.23
Low 340 0.93 0.70-1.24 1.04 0.77-1.40 1.18 0.85-1.65
Medium 101 0.89 0.58-1.38 0.74 0.47-1.18 0.79 0.47-1.32
High 55 0.81 0.46-1.43 0.70 0.39-1.28 0.66 0.33-1.29
Posture
None 512 1.00 1.00 1.00 0.28
Low 344 1.04 0.79-1.38 1.23 0.92-1.66 1.17 0.84-1.62
Medium 105 1.03 0.67-1.57 0.84 0.53-1.34 0.78 0.47-1.31
High 56 1.85 1.01-3.40 1.75 0.92-3.33 2.02 0.99-4.12
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Table 4 (continued)

n Unadjusted Age adjusted Risk factor adjusted®
OR 95% CI OR 95% CI OR 95% CI Dtrend
Gait
None 520 1.00 1.00 1.00 0.22
Low 348 0.81 0.62-1.07 0.91 0.68-1.22 0.95 0.68-1.34
Medium 106 1.19 0.78-1.81 1.01 0.65-1.58 1.07 0.64-1.79
High 56 1.43 0.82-2.49 1.32 0.73-2.36 1.81 0.93-3.55
Facial expression
None 530 1.00 1.00 1.00 0.02
Low 352 0.96 0.72-1.27 1.07 0.79-1.45 1.26 0.88-1.80
Medium 107 1.22 0.79-1.88 1.07 0.68-1.68 1.13 0.66-1.94
High 56 1.65 0.95-2.88 1.57 0.88-2.80 2.62 1.35-5.11
Manganese
Rapid alternating hand movements
None 774 1.00 1.00 1.00 0.54
Low 137 0.85 0.58-1.22 0.92 0.62-1.35 1.09 0.71-1.67
Medium 47 1.29 0.68-2.41 1.01 0.52-1.98 0.92 0.44-1.92
High 42 0.89 0.47-1.67 0.83 0.43-1.60 0.78 0.37-1.65
Posture
None 790 1.00 1.00 1.00 0.09
Low 136 0.89 0.62-1.29 1.01 0.68-1.49 1.12 0.73-1.72
Medium 48 1.60 0.85-2.98 1.25 0.64-2.47 1.42 0.67-3.02
High 43 1.67 0.86-3.26 1.64 0.82-3.31 1.99 0.91-4.36
Gait
None 800 1.00 1.00 1.00 0.38
Low 138 0.83 0.57-1.20 0.89 0.60-1.33 1.06 0.68-1.65
Medium 49 1.55 0.87-2.76 1.20 0.65-2.23 1.29 0.63-2.62
High 43 0.98 0.53-1.83 0.92 0.48-1.78 1.31 0.62-2.79
Facial expression
None 813 1.00 1.00 1.00 0.08
Low 140 0.88 0.60-1.30 0.96 0.64-1.43 1.26 0.79-1.99
Medium 49 1.37 0.76-2.47 1.11 0.60-2.05 1.24 0.61-2.55
High 43 1.18 0.62-2.26 1.15 0.60-2.21 1.71 0.81-3.61
Mercury
Rapid alternating hand movements
None 826 1.00 1.00 1.00 0.27
Low 51 1.02 0.57-1.83 1.29 0.70-2.36 1.23 0.65-2.32
Medium 57 0.77 0.45-1.33 0.95 0.54-1.66 1.01 0.55-1.86
High 66 0.99 0.59-1.66 0.76 0.44-1.31 0.66 0.36-1.21
Posture
None 840 1.00 1.00 1.00 0.13
Low 53 1.54 0.85-2.79 2.16 1.17-4.01 2.09 1.09-4.01
Medium 57 0.61 0.36-1.05 0.77 0.44-1.36 0.89 0.48-1.66
High 67 1.84 1.06-3.18 1.46 0.81-2.63 1.64 0.85-3.14
Gait
None 853 1.00 1.00 1.00 0.04
Low 53 1.00 0.57-1.75 1.35 0.74-2.43 1.60 0.84-3.05
Medium 57 0.76 0.43-1.33 0.99 0.55-1.77 1.07 0.56-2.04
High 67 1.73 1.05-2.85 1.40 0.82-2.39 1.72 0.93-3.16
Facial expression
None 867 1.00 1.00 1.00 0.03
Low 54 0.92 0.51-1.67 1.16 0.63-2.14 1.61 0.82-3.16
Medium 57 0.79 0.43-1.42 0.99 0.54-1.82 1.05 0.52-2.09
High 67 1.63 0.99-2.69 1.37 0.82-2.32 1.91 1.04-3.49

4 Categories for exposure intensity scores (i.e., cumulative exposure) to mercury are 0, 1-25, 26-36, = 37; categories for
all other agents are 0, 1-39, 40-79, =80.

b Results adjusted for age, BMI, physical activity, CASI score, education, smoking, and alcohol consumption.

p value for trend is obtained from using the continuous form of the exposure variable in the risk-factor-adjusted logistic model.
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Discussion

Our findings were based on men who were free of PD
and stroke. We found that exposures to both metal and
mercury were positively and independently associated
with fixed ‘facial expression’. The literature supports the
association between exposure to metals and certain move-
ment abnormalities. We also observed very strong asso-
ciations for age and CASI score with all movement ab-
normalities. The results regarding age and movement ab-
normalities are consistent with the results of previous
studies [16, 17].

A few studies have investigated the effects of occupa-
tional exposure, mostly manganese and mercury expo-
sures, on movement abnormalities. A study conducted in
Brazil investigated the health effects of the fungicide
Maneb (a pesticide that contains manganese) in 50 male
rural workers [18]. There was a significantly higher prev-
alence of several neurological symptoms in the exposed
group (e.g., plastic rigidity with cogwheel phenomenon,
bradykinesia) compared to the unexposed group. In an-
other study, 5 patients who experienced chronic manga-
nese intoxication for 10 years showed significant gradual
deterioration in neurologic features, the most prominent
of which were gait, rigidity, and speed of foot tapping
[19]. Case reports of persons exposed to manganese in-
toxication showed associations with several neurological
symptoms including paraplegia, slowness and difficulty
in speech, shaking of the arms and legs, and mask-like
facial appearance [5]. Occupational exposure to mercury
compounds was associated with hand and arm tremors
[4, 8, 20, 21]. The biologic mechanisms involved in the
neurotoxicity of mercury include increase of intracellular
Ca’* with disturbance of neurotransmitter function, oxi-
dative stress, and inhibition of protein synthesis [22].

The literature provides ample evidence that move-
ment abnormalities that occur with PD are caused by
selective degeneration of dopaminergic neurons of the
substantia nigra, oxidative damage, and mitochondrial
impairment [23, 24]. The lipophilic pesticide rotenone
has been shown to cause degeneration of the dopaminer-
gic neurons in substantia nigra in rats [25]. The rotenone-
treated animals developed motor and postural deficits
characteristic of PD, such as hypokinesia, unsteady move-
ment, hunched posture, rigidity, and rest tremor. Manga-
nese is known to increase the oxidation rate of dopamine
[26].

The association between several occupational and en-
vironmental agents and PD is well documented. A French
case-control study, after adjustment for confounders, re-

Occupational Exposures and Movement
Abnormalities

ported a positive association between PD and occupa-
tional exposure to pesticides (OR =2.2,95% CI =1.1-4.3)
[3]. Their results, however, did not show a clear exposure-
response relationship. Pezzoli et al. [6] reported that the
intensity of occupational exposure to hydrocarbon sol-
vents was directly proportional to the severity of PD
symptoms. They identified nine blue-collar occupations
that experienced a preponderance of hydrocarbon expo-
sure, including ‘farmers’. In a case-control study [27], in-
vestigators found an increased risk for PD with occupa-
tional exposure to some metals, and a protective relation-
ship with exposure to mercury. Persons who were exposed
to manganese for more than 20 years had an elevated risk
for PD (OR =10.61, 95% CI = 1.06-105.83), and this was
also true for exposure to copper (OR = 2.49, 95% CI =
1.06-5.89).

There are a few limitations of this study. Information
on short part-time jobs, non-occupational sources of ex-
posures to these specific compounds, and biological mark-
ers of the exposures of interests were not included in our
assessment of exposure. Misclassification of environmen-
tal exposures is likely to have resulted in non-differential
bias, producing weaker associations. We based our expo-
sure estimates on reported usual or last job held. There-
fore, this may not have accurately reflected all the jobs
that the participants held over their exposure history. Al-
though the intensity values of exposure (0, 1, 2, 3) failed
to take into account the variability in use of personal pro-
tective equipment, local exhaust ventilation, etc., we do
not believe that this failure seriously biased our exposure
classification. First, the workers were all assessed during
the same time period and would have had roughly the
same access to personal protective equipment and other
engineering controls regardless of job type or industry.
Second, the industrial hygienists from NIOSH assigned
intensity levels based not only on the job titles, but also
on the industry and their knowledge of the specific job
duties. Even so, some inter-worker exposure variability
would still be present, but it is often not feasible, in oc-
cupational epidemiological studies, to capture and ana-
lyze individual exposures.

This study has several strengths. The information for
this study was collected prospectively, removing any pos-
sibility of recall bias. The sample size is large, thus allow-
ing for adequate power even after stratification. A unique
approach was implemented in the design of the study by
excluding PD and stroke cases, thereby removing the con-
founding effects of these medical conditions on the asso-
ciations with movement abnormalities. Several potential
effect modifiers and confounders were available for as-
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sessment in this study. Assessment of the movement ab-
normalities was carried out using the UPDRS, a validat-
ed, diagnostic instrument for diagnosis of PD, by an ex-
perienced neurologist. Industrial hygienists utilized their
professional expertise to assign levels of likely exposure
to all reported usual jobs. This study used the best pos-
sible method for assessing chronic exposure in an occu-
pational epidemiologic study and it is likely that this pro-
cess contributed to a reduction in exposure misclassifica-
tion bias [28].

Movement abnormalities eventually result in de-
creased independence in activities of daily living and in-
creased mortality [16, 29, 30]. In a study of disability as
related to movement abnormalities, 48% of persons who
reported tremors had difficulty with household tasks and
18% had difficulty dressing themselves [29]. In a popula-
tion of elderly persons in East Boston, Massachusetts,
who were 65 years of age or older, the prevalence of par-
kinsonian signs were 14.9% for people 64-74 years of age,
29.5% for those 75-84 years of age, and 52.4% for those
85 and older [16]. After adjustment for age and sex, the
overall risk of death among people with parkinsonism
was twice that among people without. Another cohort
study demonstrated that the severity of gait disorders and
the rate of progression were related to increased mortal-
ity [30]. Movement abnormalities might be expected to
have caused the men in our study to have some difficul-
ties with activities of daily living. Whether these abnor-
malities are associated with increased mortality is worthy
of future study.

Studies investigating risk factors for movement abnor-
malities are important because these outcomes are be-

coming more of a public health problem as the population
ages. The number of elderly persons (=635 years) living
in the US in 2000 was 35 million, and this number has
been predicted to grow dramatically over the next few
decades [31]. Knickman and Snell [31] surmise that the
most important challenge related to aging populations
may be that of keeping seniors disability-free. Identifying
and reducing exposures in the environment and work-
place has significant implications for influencing overall
health and promoting healthy aging. By investigating oc-
cupational risk factors that could increase movement ab-
normalities, this study plays a role in potentially reducing
disability in old age.
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