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Objective: To explore whether associations of potential risk factors for incidental Lewy body disease (iLBD)
are similar to those for Parkinson disease (PD).
Design: Brain autopsy study (1988-2004) of subjects
without evidence of neurodegenerative disease or tremor
who were evaluated by at least 1 physician within 1 year
of death. Researchers analyzed incidental Lewy pathology blinded to clinical abstraction.
Setting: Olmsted County, Minnesota.
Subjects: Residents of Olmsted County and the imme-

diate vicinity aged older than 60 years.

11 of 16 ORs in the same direction. Prior Olmsted County
studies documented 7 risk factors with statistically significant associations with PD; for physician occupation
and caffeine intake, the ORs for iLBD were in the same
direction and statistically significant, whereas for education, head injury, and number of children, they were
in the same direction but not significant; they were in
the opposite direction but not statistically significant for
depression and anxiety. Incidental Lewy body disease was
not associated with various end-of-life conditions or causes
of death, though these patients were slightly older and
more likely cachectic.

Results: Of 235 subjects, 34 had iLBD (14.5%). The over-

Conclusions: Based on this exploratory study, iLBD and
PD appear to have similar risk factor profiles. Thus, at
least some cases of iLBD could represent preclinical PD,
arrested PD, or a partial syndrome due to a lesser burden of causative factors. Incidental Lewy body disease is
not explained by nonspecific end-of-life brain insults.

all risk factor profiles for iLBD and PD were fairly similar between the 2 sets of odds ratio (OR) estimates, with
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Main Outcome Measures: Whether risk factors previously associated with PD in Olmsted County are also
associated with iLBD.
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EWY BODIES AND LEWY NEUrites are histopathologic hallmarks of Parkinson disease
(PD), clinically characterized by not only motor disorder, but also cognitive/behavioral, neuropsychiatric features, sleep disorders, and
autonomic dysfunction. The lifetime risk
of PD has been estimated at 1.6%.1 However, this contrasts with the incidence of
Lewy body–related pathology. Among neurologically normal people aged 60 years and
older, 8% to 17% have Lewy bodies on postmortem examination.2-4 This has been
termed incidental Lewy body disease
(iLBD).
A major revision in our conceptualization of PD was heralded by the publication of Braak PD staging.5,6 In this scheme,
PD does not start in the dopaminergic substantia nigra, but rather in the lower brain-
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stem, olfactory bulb, and autonomic system7,8; only later does it involve higher brain
levels. Although there are exceptions to the
Braak pattern,9-13 it is consistent with most
cases. Incidental Lewy body disease is crucial to this scheme and has been assumed
to represent the earliest, preclinical stages
of PD.14,15 Presumably, patients with iLBD
would have developed PD if they lived
longer or if the PD pathogenic process had
not been arrested.
There are, however, alternative explanations for iLBD. Rather than representing
the earliest PD state, iLBD might simply reflect low-grade brain insults accumulating
over a lifetime or during agonal premortem states. It might also reflect nonspecific
brain aging processes akin to neurofibrillary tangles that accumulate with age.16 The
assumption that iLBD represents preclinical or arrested PD requires validation.
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A number of risk factors have been associated with PD.
Many of these have been assessed in the population of Olmsted County, Minnesota, the location of the Rochester site
of the Mayo Clinic. These risk factors include estrogen/
ovarian status (in women),17,18 smoking, caffeine and alcohol consumption,19 anxiety or depression,20 diabetes
mellitus, cancer, stroke,21 education, occupation,22 head
injury,23 and number of children.24 If iLBD represents preclinical or arrested PD, the epidemiologic risk factor profile should be similar in these 2 conditions.
In this study, we explored whether PD and iLBD may
indeed share epidemiologic risk factors. We used the Mayo
Clinic Tissue Registry, which serves as a repository of brain
autopsy specimens for patients from Olmsted County and
the immediate vicinity; and we used the Mayo Clinic records linkage system, which compiles medical information for patients from Olmsted County and the immediate vicinity. Thus, we compared risk factors from identified
iLBD cases with those previously measured in our Olmsted County PD population. We also assessed whether iLBD
segregated with various chronic diseases and agonal conditions, which might suggest that it is caused by nonspecific brain insults. Although the number of iLBD cases in
this neuropathologic series is similar to or exceeds that of
most other neuropathologic series, the analyses presented herein are intended to be exploratory because of
the study’s relatively small sample size.
METHODS

STUDY SUBJECTS
We used the Tissue Registry of the Mayo Clinic Rochester Epidemiology Project to identify subjects from Olmsted County and
the immediate vicinity who died between 1988 and 2004 and
had available brain autopsy tissues plus adequate Mayo medical
records documenting no clinical evidence of neurodegenerative conditions. Inclusion criteria were (1) age older than 60 years
at death; and (2) medical record documentation of at least 1 medical evaluation during the last year of life. Exclusion criteria were
medical record documentation of (1) parkinsonism, tremor, dementia, or other neurodegenerative disorders; and (2) large structural brain lesions that might have interfered with the postmortem assessment for Lewy body pathology (eg, massive hemorrhage
or stroke and large brain tumors).

NEUROPATHOLOGIC METHODS
For each brain, the frontal and temporal cortex, cingulate gyrus, hippocampus, nucleus basalis of Meynert, midbrain, pons,
medulla, and spinal cord were sectioned. The formalin-fixed and
paraffin-embedded sections from cortical and subcortical regions were stained with hematoxylin-eosin, thioflavine S, and
phospho-tau, and ␣-synuclein microscopy was performed.4,25-27
The histological evaluation included region-specific, semiquantitative assessments of atrophy, neuronal loss, astrogliosis, Lewy
bodies, and Lewy neurites. All neuropathologic assessments were
performed with researchers blinded to the medical records abstraction findings.

MEDICAL RECORDS ABSTRACTION
Medical records were obtained using the medical records linkage system of the Rochester Epidemiology Project. These were

abstracted, focusing on specific exposures that had been previously assessed in published case-control or cohort studies of
PD in the Olmsted County population.17-24 We restricted our
analyses to risk factors that were defined similarly if not identically between these previous studies of PD and this study of
iLBD. These factors (listed alphabetically) included alcohol, anxiety, caffeine, cancer, depression, diabetes mellitus, education,
estrogen therapy, head injury, number of children, occupations, oophorectomy, smoking, and stroke.
In addition to cancer and diabetes, we assessed various systemic illnesses or agonal states that might nonspecifically be
associated with incidental brain pathology. These included cachexia, chemotherapy, chronic obstructive pulmonary disease, congestive heart failure, coronary artery disease, hypertension, peripheral vascular disease, sudden unexpected death,
and other terminal diseases. The medical records abstraction
was performed blind to the neuropathologic findings.

STATISTICAL ANALYSIS
Associations between patient characteristics and iLBD were
investigated using logistic regression models adjusted for age
and sex. Odds ratios (ORs) were estimated along with 95%
confidence intervals (CIs). Number of children was investigated for association only in men, in keeping with published
findings for PD; and oophorectomy and estrogen replacement
therapy were considered only in women. Pⱕ.05 was considered statistically significant. No adjustments for multiple
comparisons were made in these exploratory analyses. Odds
ratios for iLBD were compared with previous estimated ORs
in PD primarily via exploratory graphical summaries; no test
of agreement was conducted owing to the lack of independence of ORs and the inability of any such test to adjust for
this. However, as a numerical summary of the degree of agreement between estimated ORs for iLBD and PD, Lin’s concordance correlation coefficient28 was estimated. The concordance correlation coefficient ranges from −1 to 1, with a value
of 1 indicating perfect agreement. Statistical analyses were
performed using SPLUS, version 8.0.1 (Insightful Corporation, Seattle, Washington).
RESULTS

Of the 235 subjects included in this study, 130 were women
(55.3%). Incidental Lewy body disease, defined by the presence of ␣-synuclein immunoreactive neuronal or neuritic lesions in 1 or more selected brain regions, was neuropathologically documented in 34 subjects (14.5%); the
remaining 201 cases without Lewy pathology served as normal controls. Of the iLBD cases, 18 were women (52.9%),
which mirrored the sex distribution among the 235 total
subjects. The mean duration of Mayo medical records (duration from first Mayo visit to death) was 48 years in the
subjects with iLBD (range, 5-74 years), compared with a
mean of 41 years (range, 2 months to 78 years) in the control group (P=.02). All but 16 subjects had medical records dating back at least 5 years pre mortem. There were
frequent physician contacts during the last 5 years of life,
with a median 20 physician visits among the iLBD cases
(25th percentile, 2 visits per 5 years; 75th percentile, 24
visits per 5 years); the control subjects had a median 21
physician visits during that time (25th percentile, 11 visits per 5 years; 75th percentile, 31 visits per 5 years).
Table 1 lists the exposures previously studied in published case-control or cohort studies of PD in Olmsted
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Table 1. Risk Factors Associated With iLBD a and PD b
Association With iLBD d

No. (%)
Variable c
Age at death, mean (SD), range,
Male sex
History of smoking
History of alcohol use
History of caffeine use g
ⱖ9 Years of education
Estrogen therapy, women only
History of head injury
Occupation as a physician
Occupation as a teacher
Occupation as a farmer
ⱖ1 Children, men only
History of anxiety
History of depression
Cancer
Stroke
Diabetes
Oophorectomy, women only

yf

Association With PD e

iLBD Cases
(n=34)

Controls
(n = 201)

Estimated OR
(95% CI)

P Value

Estimated OR
(95% CI)

P Value

82 (10), 75-90
16 (47)
20 (59)
23 (70)
16 (67)
29 (88)
0
1 (3)
4 (12)
5 (15)
5 (15)
14 (88)
3 (9)
8 (24)
18 (53)
11 (32)
5 (15)
0

78 (9), 72-84
89 (44)
127 (63)
122 (64)
128 (84)
157 (80)
11 (10)
5 (2)
4 (2)
20 (10)
26 (13)
74 (83)
41 (20)
59 (30)
104 (52)
40 (20)
45 (22)
6 (5)

1.70 (1.10-2.64)
1.43 (0.66-3.10)
1.08 (0.46-2.50)
1.61 (0.68-3.80)
0.36 (0.14-0.96)
2.65 (0.84-8.33)
0.24 (0.01-4.23)
1.44 (0.16-13.19)
6.84 (1.46-32.06)
1.27 (0.42-3.89)
0.88 (0.29-2.62)
1.61 (0.32-8.02)
0.40 (0.11-1.39)
0.72 (0.30-1.70)
1.01 (0.48-2.11)
1.73 (0.77-3.90)
0.74 (0.26-2.08)
0.43 (0.02-8.05)

.02
.36
.87
.28
.04
.1
.36
.75
.02
.67
.81
.56
.15
.45
.98
.19
.57
.70

NA
NA
0.69 (0.45-1.08)
1.04 (0.61-1.76)
0.35 (0.16-0.78)
2.0 (1.1-3.6)
0.60 (0.22-1.65)
4.3 (1.2-15.2)
3.7 (1.0-13.1)
1.1 (0.5-2.1)
1.1 (0.6-1.9)
2.65 (1.15-6.10)
2.2 (1.4-3.4)
1.9 (1.1-3.2)
1.4 (0.9-2.0)
1.6 (0.8-3.2)
0.7 (0.4-1.4)
1.80 (0.93-3.45)

NA
NA
NS
NS
.01
SIGNIF
NS
.02
.05
.9
.8
.02
⬍.001
.02
NS
NS
NS
.08

Abbreviations: CI, confidence interval; iLBD, incidental Lewy body disease; NA, not available; NS, not significant; OR, odds ratio; PD, Parkinson disease; SIGNIF,
significant.
a Current Olmsted County, Minnesota, study.
b Previous Olmsted County, Minnesota, study.
c Information was unavailable for the following variables: history of alcohol use (n = 10), history of caffeine use (n = 61), years of education (n = 5), and
oophorectomy in women (n=2).
d Odds ratios and P values resulted from logistic regression models adjusted for age and sex for all variables except estrogen therapy and oophorectomy, in
which, owing to the lack of iLBD cases with those characteristics, ORs resulted from adding 0.5 to each cell count and P values resulted from Fisher exact test.
e Odds ratios and P values resulted from conditional logistic regression models adjusted for various covariates in age- and sex-matched case-control or cohort
studies from the same patient population as the iLBD case-control study. Specific P values were not available in some published articles.
f Odds ratios correspond to a 10-year increase.
g Caffeine use was focused on coffee use in the PD case-control study, whereas all caffeine use was considered in the iLBD case-control study.

Table 2. Power to Detect Odds Ratios With 34 Cases of Incidental Lewy Body Disease and 201 Controls
Power to Detect Given Odds Ratio, %
Characteristic
Frequency, %

1.2

1.5

2.0

2.5

3.0

3.5

4.0

10
20
30
50

3
4
4
4

8
12
14
14

21
33
38
36

37
54
61
59

51
70
78
75

62
82
88
86

71
89
93
92

County.17-24 The largest of the case-control PD studies had
197 PD cases and 197 matched controls. The cohort study
involving oophorectomy had a substantially larger number of patients (2327 with oophorectomy and 2280
without).17-24
In the current study, there was evidence of an increased risk of iLBD in subjects who were physicians (OR,
6.84; 95% CI, 1.46-32.06; P = .02), which was also observed in the PD study (OR, 3.7; 95% CI, 1.0-13.1). There
was a reduced risk of iLBD in subjects who ever drank caffeinated beverages (OR, 0.36; 95% CI, 0.14-0.96; P=.04),
which again was observed in the PD study (OR, 0.35; 95%
CI, 0.15-0.78). There was a nonstatistically significant association of iLBD with higher education (ⱖ9 years; OR,
2.65; 95% CI, 0.84-8.33, P=.1), which was similar in magnitude and statistically significant in the PD study (OR,
2.0; 95% CI, 1.1-3.6). Of the remaining 4 risk factors with

statistically significant associations with PD, ORs for iLBD
were in the same direction but not statistically significant
for history of head injury (iLBD, 1.44; PD, 4.3) or number of children in men (iLBD, 1.61; PD, 2.65); they were
in the opposite direction but not statistically significant
for depression (iLBD, 0.72; PD, 1.9) or anxiety (iLBD, 0.40;
PD, 2.2). Table 2 summarizes ORs estimated for each risk
factor in iLBD and PD according to magnitude and statistical significance of each OR. Age was also associated with
an increased risk of iLBD (OR, 1.70 [10-year increase]; 95%
CI, 1.10-2.64; P=.02); we did not have an OR for age and
PD in the same population.
Figure, A, is a graphical representation comparing risk
factors in iLBD and PD. Figure, B, offers an alternate comparison of risk factors in iLBD and PD. When comparing
ORs of risk factors for iLBD and PD, it is important to take
into account the degree of precision of ORs, particularly

(REPRINTED) ARCH NEUROL / VOL 66 (NO. 9), SEP 2009
1116

WWW.ARCHNEUROL.COM

©2009 American Medical Association. All rights reserved.
Downloaded From: http://jamanetwork.com/ on 05/25/2013

for several ORs associated with iLBD, for which the 95%
CIs were particularly wide (estrogen use in women, oophorectomy in women, history of head injury, number of children in men, and occupation as a physician). For 11 of
16 risk factors, iLBD and PD had ORs in the same direction. Only anxiety, depression, farming occupation, oophorectomy, and smoking had ORs with different directions.
Of those, the ORs for farming (iLBD, 0.88; PD, 1.1) were
both relatively close to 1. Lin’s concordance correlation
coefficient28 measuring the level of agreement between all
iLBD and PD ORs was equal to 0.52, which in the context
of this study can reasonably be considered to represent
moderate to good agreement.
We had only limited statistical power to detect associations of the risk factors with iLBD. A large reason for
this was that only 14.5% of neuropathologic examinations yielded iLBD cases. The previously published Olmsted County epidemiologic studies of patients with PD
included larger samples. Table 2 provides the statistical
power for a range of frequencies and ORs in 34 cases and
201 controls. Given this limitation and also the lack of
power in the moderately sized PD case-control studies,
we examined the overall pattern of the associations in
addition to statistical significance of those associations.
We also compared the iLBD group (n = 34) with the
normal control subjects (n = 201) with respect to systemic illnesses and nonspecific end-of-life medical states
that might suggest a nonspecific etiology (Table 3). After adjusting for age and sex, there was a significant association of iLBD with only 1 of these 11 factors: chronic
cachexia (OR, 3.25; 95% CI, 1.10-9.59; P = .03).

A
Estrogen
Caffeine
Anxiety
Oophorectomy
Depression
Diabetes
Farming
Cancer
Smoking
Teaching
Head injury
Alcohol
Children
Stroke
Education
Occupation as
a physician
0.125

0.25

1

2

4

8

B
8

P ≤.05 for iLBD
P ≤.05 for PD

PHY

Odds Ratio, Association With iLBD

4
EDU
2
ALC

STR

CHI

HEA

TEA
SMO

1

CAN
FAR

DIA

DEP

0.5
OOP
ANX

CAF

COMMENT
0.25

The epidemiological risk factor profile for iLBD in our autopsy sample was fairly similar to the one for PD that was
previously reported in a similar Olmsted County population. The direction of the ORs was the same for 11 of the
16 factors we assessed. Of the 7 risk factors with statistically significant associations with PD, 5 had ORs in the
same direction for iLBD, with 2 statistically significant associations and 1 borderline significant association. Although a larger sample with more patients with iLBD is
necessary to make strong conclusions, these findings are
consistent with the hypothesis that iLBD is indeed related to PD. This hypothesis is supported by 3 other clinical observations previously reported in iLBD, which documented rapid eye movement sleep behavior disorder,15,29
reduced bowel movement frequency,30 as well as olfactory dysfunction31 similar to PD.
Wealsoassessedabatteryofmedicalconditionsthatmight
result in chronic low-grade brain insults (nonspecific to PD).
Incidental Lewy body disease was only associated with
chronic cachexia, which could be an effect of the disease
rather than its cause (cause-effect inversion). Although
the subjects with iLBD were slightly older (by a mean of
4 years), this small difference seems unlikely to account for
the iLBD status. These findings argue against the hypothesis that iLBD is a nonspecific finding unrelated to PD.
Nonclinical evidence also suggests that iLBD is closely
linked to PD. Two recent studies independently docu-

0.5

Estimated Odds Ratio (95% CI)

EST

0.25

0.5

1

2

4

8

Odds Ratio, Association With PD

Figure. Association of risk factors with incidental Lewy body disease (iLBD)
and Parkinson disease (PD) in Olmsted County, Minnesota. A, Pooled data
analysis (blue represents iLBD; red, PD). B, Scatterplot of odds ratios for risk
factors observed for PD vs iLBD. ALC indicates alcohol; ANX, anxiety;
CAF, caffeine; CAN, cancer; CHI, children; CI, confidence interval;
DIA, diabetes; DEP, depression; EDU, education; EST, estrogen; FAR, farming;
HEA, head injury; OOP, oophorectomy; PHY, physician as occupation;
SMO, smoking; STR, stroke; and TEA, teaching.

mented reduced striatal dopaminergic terminal markers among iLBD cases, with values intermediately between those of normal control subjects and PD cases.26,32
Moreover, the topography of Lewy pathology in iLBD mirrors PD, affecting not only the same brain regions,5,6 but
also the autonomic nervous system.3,4,7,8,27,33,34 Thus, unlike tangles and tau pathology, which may have a more
ubiquitous distribution in advanced age,16 iLBD follows
the topographic pattern of PD.
One curious finding in this study was the association
of physician occupation with iLBD (OR, 6.84; 95% CI, 1.4632.06; P=.02). We previously reported a similar association of being a physician with PD, but attributed that finding to surveillance bias (ie, physicians would be more likely
to recognize parkinsonism in themselves). This parallel
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Table 3. Association of Nonspecific Systemic Illnesses and End-of-Life Medical States With iLBD
No. (%)
Variable
Diabetes
Insulin-dependent diabetes
High blood pressure
Terminal disease
COPD
Cancer
Metastatic cancer
Chemotherapy
CAD
PVD
Sudden unexpected death
Cachexia

iLBD Cases
(n=34)

Controls
(n = 201)

Estimated OR
(95% CI) a

P Value a

5 (15)
2 (6)
20 (61)
12 (35)
7 (21)
18 (53)
3 (9)
3 (9)
14 (41)
6 (18)
5 (15)
6 (18)

45 (22)
18 (9)
142 (71)
71 (35)
61 (30)
104 (52)
26 (13)
27 (13)
108 (54)
30 (15)
25 (12)
14 (7)

0.74 (0.26-2.08)
0.90 (0.19-4.26)
0.67 (0.31-1.45)
1.03 (0.48-2.23)
0.64 (0.26-1.56)
1.01 (0.48-2.11)
0.73 (0.20-2.60)
0.87 (0.24-3.19)
0.61 (0.29-1.29)
1.31 (0.49-3.51)
1.40 (0.43-3.64)
3.25 (1.10-9.59)

.57
.90
.31
.94
.32
.98
.63
.84
.20
.59
.68
.03

Abbreviations: CAD, coronary artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; iLBD, incidental Lewy body disease;
OR, odds ratio; PVD, peripheral vascular disease.
a From logistic regression models adjusted for age and sex.

finding in iLBD suggests that the association of occupation as a physician with PD is not due to surveillance bias.
As in PD, caffeine consumption was associated with
a reduced risk of iLBD. Although caffeine might protect
against Lewy pathology and PD, it is also possible that
caffeine aversion (as well as the choice of physician as
an occupation) is an early behavioral manifestation of
Lewy pathology (cause-effect inversion). Premorbid personality differences have been reported in PD.35-37
This study is not without its limitations. Chief among
these is the relatively small number of iLBD cases, which
results in low power to detect statistically significant associations and correspondingly wide CIs for estimated
ORs, indicating a lack of precision in these estimates. A
sample with more patients with iLBD is needed to better
evaluate associations with iLBD. With that said, though
this is a small number of cases compared with epidemiologic studies of PD cases, the number of iLBD cases in
this neuropathologic series is similar to or exceeds that
of most other neuropathologic series. Approximately 7
to 10 brains must be microscopically examined across
multiple brain regions to detect 1 case of iLBD.
Because our iLBD cases were not prospectively examined by a neurologist during the patient’s life, it is possible that PD may have been overlooked. However, the
incidence of iLBD in our series (14.5%) is nearly 10 times
greater than the lifetime risk (1.6%) for PD in the Olmsted County population.1 This suggests that most of the
iLBD cases included in our study were not simply undetected cases of PD.
It is unlikely that the risk factors that we observed for
either iLBD or PD in the Olmsted County population are
due to measurement biases. The medical records abstraction was blinded to the neuropathology and conversely,
the neuropathologic analyses were blinded to the medical records abstraction. Since our iLBD cases were clinically undetected, there were obviously no recall biases.
The medical records provided a rich source of data, with
mean durations of Mayo records spanning 4 decades in
both the iLBD and control groups. All subjects had been

evaluated by a physician at least once in the last year of
life and very frequently during the last half decade (median, 20-21 physician visits during the last 5 years of life).
Finally, it should be noted that among the 34 iLBD
cases, 13 were a distinctly poor fit with the Braak ascending scheme; 12 cases had diffuse Lewy pathology consistent with Braak stages 5 to 6, and 1 had Lewy pathology in only the nucleus basalis. Whether these outliers
represent a unique iLBD subset is open to speculation.
We reanalyzed the data confined to the 21 remaining cases.
In this reanalysis, the ORs for these iLBD cases were in
the same direction as PD for 12 of the 16 variables (compared with 11 of 16 for the entire iLBD cohort of 34 cases).
In addition, the Lin correlation coefficient increased from
0.52 to 0.58, consistent with a slightly greater association of these 21 iLBD cases with PD. With this smaller
sample, however, none of the PD-related variables reached
statistical significance.
Overall, these findings are reasonably consistent with
the hypothesis that at least some iLBD cases are on a neurodegenerative disease continuum with PD, ie, they represent an early stage in the PD process. However, if this
hypothesis is correct, it remains unknown if such iLBD
cases might represent individuals with preclinical PD who
died before clinical manifestation or arrested PD, with some
unknown factor terminating the progression to PD. Alternatively, if PD is due to the additive effects of multiple
factors, iLBD might reflect an incomplete syndrome, with
subthreshold involvement of the same factors. Further
study of iLBD cohorts may provide insights regarding factors that modify the progression of Lewy pathology and
hence may suggest primary prevention strategies.
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