increase in risk for PD associated with a history of
rural living, farm living, or the drinking of well
water at any time during the first 45 years of life.?
The study had a statistical power of 92.9% or
greater to detect a twofold increase (or decrease) in
PD nisk associated with exposure to Alberta rural
environmental factors. However, we found a consis-
tent statistically significant increase in risk for PD
associated with the occupational use of herbicide
(weed-killing) chemicals.?® The estimated threefold
increase 1n PD nsk associated with occupational
herbicide use remained statistically significant
even after controlling for the type of agricultural
work (crop farming, grain farming, market garden-
ing, or wood-processing) and the use of other pesti-
cides (insecticides or fungicides). When we con-
trolled for the occupational use of herbicides and
for agricultural work, insecticide use and fungicide
use were not significant risk factors for PD.
However, the occupational use of herbicides
explained only 10% of the cases in the study.

This present paper reports the results of our
attempt to test the multifactorial etiology hypothe-
sis for PD using occupational and chemical expo-
sure data, medical and smoking history data, and
family history data from the Alberta population-
based case-control study of PD.

Methods. The cases were selected from a population-
based case register of Calgary residents with neurologist-
confirmed idiopathic PD. The detailed methodology for
the development of the case register and the eligibility
criteria for the cases have been described previously.?2
Only living and nondemented patients with idiopathic
PD were recruited into the study by the attending physi-
cian. For every case, the diagnosis of idiopathic PD was
made by a qualified neurologist. The decision regarding
the presence or absence of dementia was a clinical deci-
sion of the attendant physician. For each case, two 1ndi-
vidually matched (by sex and age + 2.5 years) community
controls were selected by random-digit dialing.?¢%* To
permit analysis of any bias due to institutionalization,
for each of 23 cases who resided in long-term care facih-
ties, one additional matched control was selected from
the resident censuses of six long-term care facilities in
which the institutionalized cases resided. The details on
the response rates for the cases and the two groups of
controls have been presented elsewhere.?® All of the data
were obtained by personal interviews by trained expen-
enced interviewers. The interviewer was not blind as to
the respondent’s case-versus-control status. To minimize
interviewer and respondent bias, the underlying
hypotheses of the study were not revealed to either the
interviewers or the respondents. For both the cases and
the controls we obtained detailed lifetime occupational
histories, including exposure dates and descriptive infor-
mation on all work-related contacts with pesticide (herb:-
cide, insecticide, and fungicide) chemicals, and work-
related exposures to aluminum, carbon monoxide,
cyanide, manganese, mercury, mineral oils, and ionizing
radiation. We also recorded detailed information on the
medical history (arteriosclerosis, chicken pox, encephali-
tis, head trauma, hypertension, hypotension, measles,
mumps, rubella, and Spanish flu) and family history of
PD and essential tremor. A positive family history was

1174 NEUROLOGY 43 June 1993

440

recorded if the respondent identified one or more affecteq
first-degree (mother, father, sister, brother), and/or sec.-
ond-degree (grandmother, grandfather, aunt, uncle)
and/or third-degree (cousin) blood relatives. Step-rela-
tives were not considered. We also collected basic demo-
graphic (date of birth, sex, martal status, educationa]
level, annual family income, ethnic background, and
househoid size) and case profile (age at symptom onset
and age at diagnosis) data.

Each completed exposure history was reviewed by one
of the authors (K.M.S5.) who coded the respondent’s past
exposures (1e, exposed versus not exposed) to the various
exposure factors. With the exception of the family history
data, the exposure period of interest was the time prior
to disease onset, estimated by the date of diagnosis, in
the index case. The various occupational and chemica]
exposures were coded for the period between the respon-
dent’s 16th and 55th birthdays, and for each 10-year age
intervai between the respondent’s 16th and 55th birth.-
days. We used both univariate (single vanable) and mul.
tivariate (multiple variable) conditional logistic regres.
sion analysis methods?® to estimate the relative risk
(odds ratio) for PD associated with each exposure vari-
able. In the univariate analysis, we estimated the crude,
or unadjusted, relative risk for PD separately for each
exposure variable. In the multivariate analysis, we esti-
mated the adjusted relative nsk for PD, after controlling
for potential confounding or interaction effects due to the
other exposure variables of interest. All analyses used all
of the available data, taking account of the full comple-
ment of controls selected for each case. While a missing
value for the case or for both controls led to exclusion of
the entire matched set, a missing value for one contro]
meant that the number of controls in that set was
reduced by one.?® We examined potential gender differ-
ences using stratified analysis techniques and by testing
for interaction between each exposure variable and the
variable sex. For all statistical tests, we made parallel
comparisons between the cases and their matched com-
munity controls and between the cases and a mixed con-
trol group, comprised of the 23 institutional controls,
each of whom was substituted for one of the two onginal
community controls who were individually matched to 23
institutionalized cases, plus the remaining 237 individu-
ally matched community controls. Statistical significance
was indicated by an alpha level of 0.05 or less. Since
none of the results differed depending on which control
group was used, and because there was no evidence of a
gender effect, only the results for the cases versus the
community controls are presented here, for men and
women combined.

Results. One hundred thirty cases (75 men and 55
women) and 260 community controls (150 men and
110 women) were studied. The overall response rate
was 88.4% for the cases and 75.8% for the controls.
The mean age (x1 SD) of the cases was 68.5 + 11.5
years (range, 36.5 to 90.7) compared with 68.3 &
11.3 years (range, 34.9 to 92.7) for the controls. The
cases and the controls were comparable with
respect to educational level, annual family income.
and ethnic background. However, a larger propor-
tion of the cases were married and fewer cases lived
alone. For the cases, the mean age at symptom
onset was 58.0 + 12.2 years, and the mean age at
diagnosis by a neurologist, obtained by medical
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Table 1. Crude and adjusted odds ratios for Parkinson’s disease (PD) by exposure variable and logistic
regression model: Calgary, Canada, 1989

| Family history Herbicide Family history
Model Case/control sets* of PD Head trauma use of essential tremor Smoking .
| 128 5.76# — — —_ —
(2.60-12.77)t
2 130 — 3.10# —_— — —
(1.67-5.75)
3 127 —_ — 3.06§ — —
(1.34-7.00)
4 125 — — — 2.37% —
(1.20-4.69)
5 130 — — — — 0.48§
(0.29-0.80)
6 122 5.07# 4.01# 2.83% 2.16% 0.58
(2.15-11.92) (1.93-8.31) (1.13-7.06) (1.03-4.57) (0.33-1.02)
7 122 5.36# 4.23# 2.93% 2.06 —
(2.29-12.56) (2.04-8.74) (1.17-7.28) (0.98-4.33)
8 125 5.49# 3.91# 3.09% — —
(2.39-12.60) (1.93-7.89) (1.27-7.56)

* Each set represents one index case and one or two matched controls.

¥ Odds ratio (95% confidence limits); results of conditional logistic regression for matched sets (cases and controls were individually matched by

sex and age * 2.5 years).
1p<0.05 §p <0.01; #p < 0.001.

chart review, was 61.1 + 12.4 years. The mean
“iration of disease, based on the age at diagnosis,
1s 7.8 £ 6.8 years. Eleven (9.1%) cases were diag-
nosed before age 40. The male and the female cases
did not differ significantly in age or in the estimated
age at diagnosis. The estimated duration of disease,
however, was somewhat longer for the women (9.4 +
1.9 years) compared with the men (6.7 + 5.7 years).

Table 1 shows the crude and adjusted PD risk
estimates (odds ratios) associated with the five
variables found in the univariate conditional logis-
Qe regression analysis to be significantly related to
PD. In the univariate analysis, we found signifi-
cantly increased crude PD risk estimates associat-
ed with four exposure factors: family history of PD,
history of head trauma, history of occupational her-
bicide use, and family history of essential tremor. A
history of smoking resulted in a significantly
reduced crude PD risk estimate of 0.48. Although
not shown, the cases and controls did not differ in
their previous work-related contacts with alu-
minum, carbon monoxide, cyanide, manganese,
mercury, or mineral oils; previous exposure to ion-
lzing radiation; or history of arteriosclerosis, chick-
D pox, encephalitis, hypertension, hypotension,
Measles, mumps, rubella, or Spanish flu. In addi-
tion, there were no significant interactions between
the variable sex and any of the exposure variabiles
€Xamined.

We submitted all five exposure factors that were
Statistically significant in the univariate analysis to
Multiple conditional logistic regression analysis, to

1trol for any potential confounding or interaction
~¢tween the exposure variables. Table 1 summa-
fzes the results of this multivariate analysis, which
¥as conducted in three steps. In the first step, the

analysis considered the effects of all five exposure
factors simultarieously (see model 6, table 1). When
all five exposure variables were included in the con-
ditional logistic regression model, the variable fami-
ly history of PD was the strongest predictor of PD
risk followed by history of head trauma, occupation-
al herbicide use, and familial tremor, which was of
borderline statistical significance. After controlling
for the effects of the other four exposure factors, a
history of smoking, initially a negative predictor,
was no longer related to PD risk.

In step 2, we dropped (the statistically nonsignif-
1cant vanable) smoking history from the logistic
model. In the resultant four-variable model, the
variables family history of PD, head trauma, and
previous occupational herbicide use were each
associlated with statistically significant PD risk
estimates, while the variable familial tremor did
not achieve statistical significance (see model 7,
table 1).

In step 3, we dropped (the nonsignificant vari-
able) familhial tremor from the logistic model. This
resulted in a three-variable model comprised of the
variables family history of PD, history of head trau-
ma, and previous work-related herbicide use, each
of which was associated with a statistically signifi-
cant PD nisk estimate (see model 8, table 1). There
were no significant interactions between any of the
exposure variables examined in the multivariate
analysis or between any of the exposure variables
and the variable sex. We estimated the population
attributable risk (proportion of cases explained by
the potential risk factor) for each of the three sig-
nificant exposure variables included in the final
logistic model. Two exposure factors, family history
of PD and history of serious head trauma, each
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Table 2. Crude odds ratios for Parkinson’s disease
(PD) by definition of exposure-variable family
history of PD: Calgary, Canada, 1989

Definition of ' Crude 95%
family history Case/control odds Confidence
of PD sets* ratio limits

First-, second-, or 128
third-degree blood

relative with PD

5,76t  2.60, 12.77

First- or second-

degree blood
relative with PD

First-degree blood
relative with PD

1.75, 7.95

128 2.36% 1.03, 5.40

* Each set represents one index case and one or two matched
controls.

tp <0.05; 1 p <0.001.

explained 22% of the cases in this study, while hav-
ing a history of occupational herbicide use
explained 10% of the cases.

In all of the conditional logistic models examined
in this analysis, family history of PD was consistent-
ly the strongest predictor of PD risk, followed by his-
tory of serious head trauma, and then previous occu-
pational herbicide use. To further understand the
relationships between these significant exposure fac-
tors and PD risk, we conducted an exploratory
descriptive analysis of each vartable and further PD
nisk estimation using more conservative definitions
of the varnables family history of PD and head trau-
ma to examine the stability of the results.

Twenty-nine cases (22.7%) and 16 controls (6.3%)
gave a positive family history of PD; that is, they
reported having one or more first-degree (mother,
father, sister, brother), second-degree (grandmoth-
er, grandfather, aunt, uncle), or third-degree
(cousin) blood relatives who were affected with PD.
Twenty-three cases (18.0%) and 16 controls (6.3%)
reported having one or more first-degree, second-
degree, or both first- and second-degree relatives
with PD. Fourteen cases (10.9%) and 13 controls
(5.1%) reported having at least one first-degree rela-
tive with PD. Table 2 shows that the significant
increase in the crude estimate of the PD risk associ-
ated with having a family history of PD held,
regardless of whether the variable family history of
PD included first-, second-, and third-degree rela-
tives; only first- and second-degree relatives; or only
first-degree relatives. Controlling for previous head
trauma (adjusted odds ratio, 3.67; 95% confidence
limits, 1.86, 7.26; p < 0.001) and occupational herbi-
cide use (adjusted odds ratio, 3.29; 95% confidence
himits, 1.36, 7.95; p = 0.008), the adjusted odds ratio
for PD associated with having a family history of
one or more first-degree or second-degree relatives
with PD was 3.61 (35% confidence limits, 1.64, 7.95;
p = 0.001). The adjusted odds ratio associated with
a family history of one or more first-degree relatives
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Table 3. Cases and controls with a family history
of only one blood relative with Parkinson’s diseage

(PD): Calgary, Canada, 1989
——

Controls
(n = 258)

Cases

PD-affected relative (n = 128)

|
Total ‘

First-degree relative 1 1
Father*
Mother*
Brother?
Sistert
Second-degree relative
Father’s brother*
Father's sister*
Mother’s father
Mother’s brother*
Mother’s sister*
Third-degree relative
Cousin, father’s side
Cousin, mother’s side

Total

2

b e N A OO o B =] O 2 L0 DD e

OO O i e e ) = i DD

&

15

o
ao

* Based on the family history data, the families of the cases included
PD-affected first- and/or second-degree blood relatives in two
successive generations.

t Based on the family history data, each case’s family inciuded a
sibship in which one of the case’s siblings was reported to have PD.

Table 4. Respondents with a family history of more
than one blood relative with Parkinson’s disease
(PD): Calgary, Canada, 1989

Age at
disesase
Respondent  Sex onset  Relativel Relative? Relative
Case 1*t F 37 Father Father's None
sister
Case 2% M 65 Mother Brother None
Case 3% M 68 Brother Sister None
Case 4* M 39 Mother's Father's None
brother sister
Case 5 M 67 Cousin Cousin None
(malert (female)t
Case 6%t 1) 66 Coumni Mother's Mother's
sister gister
Control 1*t M — Father Brother Sister
* Family history of PD-affected Arst- and/or second-degree blood relatives in
two successive generations.
+ Family history of a stbship where two or more siblings in the family were
reported to have PD.
f Cousin on the respondent’s mother’s side of the family.
%

with PD was 2.23 (95% confidence limits, 0.94, 5.29;
p = 0.070), after controlling for previous head trau-
ma (adjusted odds ratio, 3.69; 95% confidence lim-
its, 1.89, 7.19; p < 0.001) and occupational herbicide
use {adjusted odds ratio, 3.20; 35% confidence lim-
its, 1.34, 7.64; p = 0.009). -
Twenty-three cases (18.0%) and 15 controls
(5.5%) reported having only one PD-affected relative
(table 3). Five cases (3.9%) reported having two
affected relatives. One case (0.8%) and one contro!

(0.4%) reported having three relatives with PD
(table 4). Of the 29 cases who gave a positive family

history of PD, 16 cases reported having one or more



affected relatives (first-degree and/or second-
degree) 1n two successive generations of their fami-
lies, 10 cases reported sibships in which two or
more siblings in the family were reported to have
PD, and seven cases had families in which both a
parent and one or more children were reported to
have PD. The family of the control who reported
having three relatives with PD included one PD-
affected sibship, involving a brother and a sister
and three affected first-degree relatives (the con-
trol’s father, a brother, and a sister) spanning two
consecutive generations. None of the cases and only
one control reported having a grandparent with PD.

Thirty-one cases (23.8%) and 25 controls (9.7%)
reported that they had a serious head injury in the
past. Eighteen (58.1%) of the cases and 19 (76.0%)
of the controls who reported a previous serious
head injury also reported that they had sought
medical attention for the head injury. Among those
respondents who had sought medical attention for
a head injury, there was no significant difference in
the reported age at the time of head injury between
the cases and the controls (cases: mean age, 19.1 +
12.9 years; range, 3 to 52 years; controls: mean age,
28.8 + 16.2 years; range, 8 to 62 years; t = —1.87; df
30; p = 0.075). |

Compared with the initial results (table 1), usin
" = more conservative definition of the variable

:vious head trauma (history of head injury for
which medical attention was sought) resulted in a
slight decrease in the crude (crude odds ratio, 1.98;
5% confidence limits, 1.01, 3.86; p = 0.048) and
adjusted (controlling for family history of PD and
occupational herbicide use, adjusted odds ratio,
2.23, 95% confidence limits, 1.08, 4.59; p = 0.030)
PD risk estimates associated with a history of head
trauma. There was also a concomitant decrease in
the adjusted PD risk estimates associated with a
family history of PD (adjusted odds ratio, 4.93; 95%
confidence limits, 2.18, 11.15; p < 0.001) and previ-
ous occupational herbicide use (adjusted odds ratio,
3.14; 95% confidence limits, 1.31, 7.52; p = 0.01).
However, regardless of which definition of head
trauma was used, in the conditional logistic model
that included the three variables history of head
injury, family- history of PD, and previous occupa-
tional herbicide use, each of the three exposure fac-
lors resulted in a significantly increased risk for
PD, estimated at twofold or greater.

On review of the pesticide exposure histories of
the herbicide-exposed cases, only 41% of those
exposed could recall the chemical or trade names of
the herbicides used.?® Of these, all but one had
used compounds in the chlorophenoxy and thiocar-
}_Damate chemical groups, exclusively, and primanly
In grain farming. A single case reported having
Worked with the pyridylium compound paraquat
hotween the ages of 26 and 31 years. He was the

7 herbicide-exposed case whose onset of symp-
--M8§ occurred before age 40.

Discussion. In this study, a family history of PD

was a very strong positive predictor of PD risk,
explaining 22% of the cases and associated with a
significant increase in PD risk, with risk estimates
ranging from 2.23 to 5.76 (depending on whether
only first-degree relatives; only first- and second-
degree relatives; or first-, second-, and third-degree
relatives were included). There is a documented
tendency for PD to occur in families.?® Although not
confirmed, the observed clustering of PD in fami-
lies may relate to genetic factors??’:28 and to an
increased vulnerability to causal environmental
factors.? :

In this study there were 10 sibships where two
or more siblings were reported to have P among
the families of the cases and one PD-affected sib-
ship among the families of the controls. Seven of
the case families and one control family included
both a parent and one or more children with a diag-
nosis of PD. While the reported PD-affected sib-
ships and parent-child pairs might reflect the
involvement of genetic factors, these familial clus-
ters might also be the result of shared environmen-
tal exposures or the combination of both genetic
and environmental factors, that is, a genetic sus-
ceptibility to and subsequent exposure to an envi-
ronmental neurotoxin. Of particular interest are
the 10 case families reported to have one or more
second-degree relatives (aunts, uncles) with PD
and the seven case families in which two cousins
were reported to have PD. Second-degree and
third-degree relatives share fewer common genes
than do first-degree relatives. However, compared
to first-degree relatives, second-degree and third-
degree relatives are also less hkely to share com-
mon environmental exposures. Second-degree rela-
tives do not share the same childhood or adult envi-
ronments because each relative is of a different
generation and time. Cousins generally grow up
and live in different homes and geographic loca-
tions and, hence, are also less likely than first-
degree relatives to share common childhood and
adult environments. Thus, if PD 1s caused solely by
environmental factors, one would not expect the
relative risk for PD to increase if the definition of
family history of PD is broadened to include sec-
ond- and third-degree relatives. Nevertheless, in
this study the estimated relative risk for PD associ-
ated with having a family history of PD increased
markedly from an increased risk of 2.36 associated
with having one or more first-degree relatives with
PD, to an increased risk of 3.73 associated with a
history of one or more PD-affected first- or second-
degree relatives, to an increased nsk of 5.76 associ-
ated with one or more affected first-, second-, or
third-degree relatives. These findings suggest that
(1) the observed familial clusters of PD cannot be
explained entirely by common environmental expo-
sures to a neurotoxic agent, and (2) there is a high
likelihood that a significant genetic component 1s
involved in the etiology of PD). However, the exis-
tence of a recall bias in the data, ie, biased report-
ing of a positive family history of PD by the cases,
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cannot be ruled out. The extent to which genetic
factors were involved in the familial clustering of
PD in this study cannot be estimated as we did not
record complete genograms for the respondents’
families and, hence, cannot estimate the attack
rate (proportion of family members affected) for PD
In each generation. Another limitation is that the
family history data are self-report data and may be
subject to recall bias; that is, the cases might have
been more inclined to recall having a relative with
PD than the controls. Finally, we did not validate
(by medical chart review, for example) the diagno-
sis of PD among family members. It is possible that
some family members reported to have PD actually
did not have the disease while others with the dis-
ease were missed. None of the cases and only one
control reported having a grandparent with PD.
Given the older age (mean age of approximately 68
years) of the sample studied and the knowledge
that most cases of PD are diagnosed after the age
of 60, three possible explanations for this observa-
tion are that during the respondents’ grandparents’
lifetime (1) PD did not exist; (2) the disease was
less prevalent, as the majority of the population
died before reaching the age of 60 and hence before
the disease could be diagnosed; or (3) recognition of
PD, first described by James Parkinson in 1817,
did not exist.

The fact that 78% of the cases in this study did
not give a positive family history of PD indicates a
high likelihood that other nongenetic factors are
also involved in PD. A history of head trauma was
also a significant predictor of PD risk, explaining
22% of the cases 1n the study, and resulting in an
estimated relative risk for PD of 3.10 (crude esti-
mate) and 4.23 (adjusted for family history of PD
and previous occupational herbicide use) for a his-
tory of a serious head injury and 1.98 (crude esti-
mate) and 3.91 (adjusted for family history of PD
and previous occupational herbicide use) for a his-
tory of a serious head injury for which medical
attention had been sought.

Our finding of a significant increase in PD risk
associlated with a history of head trauma concurs
with the results of three previous case-control stud-
1es.3:30.31 In their case-control study of 149 PD
patients and 149 age- and sex-matched controls,
Stern et al® found a significant 2.7-fold increase in
PD risk associated with at least one head injury
“severe enough to cause vertigo, dizziness, blurred
or double vision, seizures or convulsions, transient
memory loss, personality changes, or paralysis.”
Godwin-Austen et al® studied 350 case-control
pairs (individually matched by age, sex, and
attending physician) and found that cases were
more likely than controls to have had a head injury
causing concussion. In their study of 87 PD
patients and 64 spouse controls, Factor and
Weiner®! found that compared with nonparkinsoni-
an control subjects, PD patients reported a signifi-
cantly higher frequency of both total head trauma
and head injury associated with alteration of con-
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sciousness. In a previous twin study, Ward et aj32
observed that “head injuries of all severity hag
occurred about twice as often in the affected as ip
the unaffected co-twins of the 40 discordant pajrg
during the period before the onset of PD.” Howevey,
Tanner et al* found no significant difference in the
frequency of head trauma between 100 PD patientg
and 200 age- (+3 years) and sex-matched neurolog.
ic controls. In their 39-year follow-up study of 8§21
Olmsted County residents with head trauma ang
presumed brain injury, Williams et al3* estimateq
the standardized morbidity ratio for PD following
head trauma with brain injury at 0.94 (95% conf;.
dence limit, 0.38, 1.94) for the seven identified PD
cases. Inadequate statistical power, due to smg]]
sample size, was a plausible explanation for the
nonsignificant results in all three negative studieg
Thus, the majority of the case-control studies con.
ducted to date support the hypothesis that hegq
trauma is a risk factor for PD. Although thege
results might reflect the effect of a recall bias, the
consistency of the evidence across studies ang
between different populations support the conclu-
sion of an etiologic relationship between head tray-
ma and PD.

An interesting finding of this study concerns the
relative etiologic importance of occupational herbi.
cide exposure as a risk factor for PD compared with
other nonagricultural exposure factors. To our sur-
prise, the results of this analysis parallel the
results of our previous analysis® in which we only
considered agricultural exposure factors. In the
current analysis, having a history of occupationa
herbicide use accounted for approximately 10% o;
the cases and, consistently, resulted in a signifi-
cantly increased PD risk of approximately three-
fold, even after controlling for the effects of the
other potential risk factors, including family histo-
ry of PD and previous head trauma. These data |
concur with the results of previous case-control
studies of PD*181n very different populations and
with case reports of chronic central and peripheral
nervous system dysfunction in herbicide-exposed
agricultural workers*!! and, hence, provide further
support for the hypothesis that the occupational |
use of herbicide chemicals results in an increased {
risk for PD. }

Two variables, smoking history and family histo- -

|
r

ry of essential tremor, that were statistically signifi- -,
cant in the univariate analysis were not significant 3
predictors of PD risk in the multivariate analysis |;
once we controlled for the effects of family history of |:
PD, history of serious head trauma, and previous
occupational herbicide use. The results of previous
studies are inconclusive with respect to the involve-
ment of smoking in the eticlogy of PD. While four !;
previous case-control studies!415353¢ and one large
prospective study®’ have not found a significant i}
decrease or increase in PD risk associated with a!

history of smoking, the results of six previous case E:E
control studies303%42 suggest that smoking protects s
against developing PD. However, in five3¥42 of the?]

L |




