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ABSTRACT

Background: Recent studies raised questions about the severity of cognitive impairment associ-
ated with dementia with Lewy bodies (DLB). However, there have been few analyses of large,
multicenter data registries for clinical–pathologic correlation.

Methods: We evaluated data from the National Alzheimer’s Coordinating Center registry (n �

5,813 cases meeting initial inclusion criteria) and the University of Kentucky Alzheimer’s Disease
Center autopsy series (n � 527) to compare quantitatively the severity of cognitive impairment
associated with DLB pathology vs Alzheimer disease (AD) and AD�DLB pathologies.

Results: Mini-Mental State Examination (MMSE) scores showed that persons with pure DLB had
cognitive impairment of relatively moderate severity (final MMSE score 15.6 � 8.7) compared to
patients with pure AD and AD�DLB (final MMSE score 10.7 � 8.6 and 10.6 � 8.6). Persons with
pure DLB pathology from both data sets had more years of formal education and were more likely
to be male. Differences in final MMSE scores were significant (p � 0.01) between pure DLB and
both AD�DLB and pure AD even after correction for education level, gender, and MMSE–death
interval. Even in cases with extensive neocortical LBs, the degree of cognitive impairment was
most strongly related to the amount of concomitant AD-type neurofibrillary pathology.

Conclusions: Dementia with Lewy bodies can constitute a debilitating disease with associated
psychiatric, motoric, and autonomic dysfunction. However, neocortical Lewy bodies are not a
substrate for severe global cognitive impairment as assessed by the Mini-Mental State Examina-
tion. Instead, neocortical Lewy bodies appear to constitute or reflect an additive disease process,
requiring Alzheimer disease or other concomitant brain diseases to induce severe global cognitive
deterioration. Neurology® 2009;73:1127–1133

GLOSSARY
AD � Alzheimer disease; ADC � AD Center; CERAD � Consortium to Establish a Registry for Alzheimer’s Disease; DLB �
dementia with Lewy bodies; LBs � Lewy bodies; MMSE � Mini-Mental State Examination; NACC � National Alzheimer’s
Coordinating Center; NF � neurofibrillary; NIA-RI � National Institute of Aging-Reagan Institute; UK ADC � University of
Kentucky Alzheimer’s Disease Center.

Dementia with Lewy bodies (DLB) is a neurodegenerative disease, defined pathologically by
the presence of widespread neocortical Lewy bodies (LBs) and Lewy neurites.1,2 LBs are fibrillar
intraneuronal aggregates (“inclusion bodies”) of �-synuclein protein that are thought to induce
brain dysfunction.3,4 The hypothesis of direct LB neurotoxicity was supported by the discovery
of mutations of �-synuclein that are linked to the DLB phenotype.4,5 In its pure form, DLB
lacks any other known substrates for brain dysfunction.

Although autopsy series found that neocortical LBs are present in �10%–25% of older
adults, far fewer cases are distinguished by the presence of neocortical LBs in cognitively
impaired persons without cerebral infarctions or neocortical Alzheimer disease (AD) type neu-
rofibrillary tangles.6-9 Yet many cases of AD have concomitant neocortical LBs,10,11 and a
relatively high proportion of nondemented cases have neocortical LBs.12,13 Thus, neocortical
LBs are not rare, but only seldom do they seem to be the sole pathologic substrate of clinical
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dementia. Further, the signs and symptoms of
AD�DLB are challenging to distinguish.14

These observations have prompted specula-
tion as to whether the present clinical-
pathologic classification system for DLB is
appropriate.7,13,15 As we enter an era with
ever-greater hopes for tailored neurotherapeu-
tics, we need to learn what the expected de-
gree of cognitive impairment is for pure DLB
and how it may add to cognitive impairment
severity when other neuropathologies are
present.

METHODS National Alzheimer’s Coordinating Cen-
ter Registry data. The National Alzheimer’s Coordinating
Center (NACC) Registry represents detailed data obtained from
31 AD Centers (ADCs) across the United States.16 NACC data
were obtained by request according to the regular application
methods. Exclusion criteria (as described in detail in table e-1 on
the Neurology® Web site at www.neurology.org) were applied a
priori to enable clinical-pathologic correlations specific to the
diagnoses of cortical LB and AD-type pathology. Briefly, cases
were excluded for the following reasons: no Mini-Mental State
Examination (MMSE) score; no Braak neurofibrillary (NF)
stage17 data; no Consortium to Establish a Registry for Alzhei-
mer’s Disease (CERAD) neuritic plaques18 data; clinical history
of stroke; or clinical history of prion disease, triplet-repeat dis-
ease, or any other disease that would by itself explain the clinical
syndrome. Patients with autopsies between 1995 and 2008 were

included to assess diagnostic accuracy both before and subse-
quent to implementation of the National Institute of Aging-
Reagan Institute (NIA-RI)19 and DLB2 consortia/consensus
criteria. Most cases meeting final inclusion criteria were derived
from 27 ADCs. The average number of cases per center was 142,
the median was 108 (range 37–367).

University of Kentucky Alzheimer’s Disease Center
data. Details of University of Kentucky Alzheimer’s Disease
Center (UK ADC) Internal Review Board protocols, patient re-
cruitment, and longitudinal follow-up have been described pre-
viously.11,20 Briefly, patients who came to autopsy from the UK
ADC cohort (total n � 527) were studied. The autopsy rate for
the study group is �90%. Mental status testing has been de-
scribed.11,20 Clinical diagnoses were documented by the clinicians
at the UK ADC Consensus Conference, which included neurol-
ogists, neuropsychologists, and social workers. Detailed neuro-
pathological studies were performed at the UK ADC as
described previously.10,11,21 For direct comparison with data from
other ADCs represented in NACC Registry, UK ADC data were
pulled from the actual NACC results to ensure all the relevant
inclusion and exclusion criteria were identical. Serial MMSE
scores were the basis for studying the rate of cognitive deteriora-
tion of patients from various neuropathologic diagnostic groups
as described below. To be included in this longitudinal analysis,
there had to be at least 4 MMSE scores and autopsy confirma-
tion. Cases with cerebrovascular disease or hippocampal sclerosis
were excluded as described,22 leaving 143 cases in these analyses:
107 pure AD cases, 27 AD�DLB cases, and 9 pure DLB cases.

Pathologic criteria. The presence or absence of neocortical
LBs was inferred, in both data sets, by indication of “diffuse
neocortical type LB” disease in the data registry. The presence of
AD-type pathology was determined using the NIA-RI criteria,
where Braak Stages V/VI with CERAD “moderate” or “fre-
quent” indicate the disease has pathologic impact (NIA-RI High
Likelihood). In the presence of sufficient neocortical LBs and
Lewy neurites to merit the diagnosis of DLB, AD�DLB was
determined to be present with Braak neurofibrillary stages IV, V,
or VI (with CERAD “moderate” or “frequent”), since in the
presence of neocortical LBs, the neurofibrillary pathology tends
to be lower because of the additive clinical impact of these
pathologies.11

Statistical methods. Mean response (MMSE) was compared
among 3 pathologic groups from the NACC Registry by con-
structing an analysis of variance procedure for a one-way layout
with post hoc comparisons of means based on Fisher protected
least significant differences procedure (table 1). Final MMSE
scores refer to scores derived from final minimum data set data.
Percent female was compared among groups using a �2 test. To
compare MMSE scores across a range of AD-type pathology,
generalized linear model for a 2-factor design was constructed
with post hoc comparisons to check the differences in final
MMSE scores between the presence and absence of neocortical
LBs at each AD-type Braak stage (0–I, II/III, IV/V, and VI).
Post hoc comparisons of the means were based on t statistics.
Statistical significance was determined at the 0.05 level. For as-
sessment of longitudinal UK ADC data, a linear mixed model
was fitted to the last 4 MMSE scores before death. The purpose
of the analysis was to determine how the average intercept and
slope varied among the 3 neuropathologic diagnostic groups. In
this model it was assumed that each subject had a linear decline
in their MMSE scores with each person having their own inter-
cept and slope for this decline (random intercept and slope).

Table 1 Clinical indices in NACC and UK ADC data

Pure DLB AD�DLB Pure AD

NACC data 199 175 1,292

Final MMSE, average 15.6* � 8.7 10.7 � 8.6 10.6 � 8.6

MMSE–death interval, average 2.0 � 2.0 2.6 � 3.0 2.3 � 2.4

MMSE–death interval, median 1.3 1.6 1.4

Years of education, average 15.3† � 3.3 14.3 � 3.6 14.2 � 3.3

Gender, % F 32.2† 48.0 53.3

Age at death, y, average 78.6 � 8.6 78.7 � 9.2 78.2 � 11.0

UK ADC data 14 19 126

Final MMSE, average 20.0* � 8.6 11.3 � 7.2 12.2 � 8.4

MMSE–death interval, average 1.2† � 0.9 4.2 � 3.3 2.5 � 2.3

MMSE–death interval, median 0.9 3.8 2.0

Years of education, average 15.9† � 3.1 13.1 � 3.0 13.3 �3.2

Gender, % F 28.6† 63.2 69.8

Age at death, y, average 81.3 � 11.2 82.5 � 8.2 81.0 � 8.3

Comparison of clinical indices for patients used in the present study from NACC Registry
and from the UK ADC. Only autopsies between 1999 and 2008 were included to ensure
that the most up-to-date clinical and pathologic techniques were used.
*Differences in final MMSE scores were significant ( p � 0.01) between pure DLB and both
AD�DLB and pure AD even after corrected for education level and MMSE– death interval
as described in text.
†Significantly different from both AD�DLB and pure AD.
NACC � National Alzheimer’s Coordinating Center; UK ADC � University of Kentucky Alz-
heimer’s Disease Center; DLB � dementia with Lewy bodies; AD � Alzheimer disease;
MMSE � Mini-Mental State Examination.
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This latter analysis was adjusted for years of education. Statistical
significance was set at the 0.05 level.

RESULTS An initial analysis of the UK ADC and
NACC data indicated that some clinical indices dif-
fer between groups with pure DLB, pure AD, or
AD�DLB (tables 1 and 2). UK ADC data were an-
alyzed separately from NACC data because further
studies were performed on the UK ADC cohort. In
both data sets, patients with pure DLB tend to die
with higher final MMSE scores in comparison to the
other dementia groups (NACC data—pure DLB vs
pure AD: p � 0.0001; pure DLB vs AD�DLB: p �
0.0001. UK ADC data—pure DLB vs pure AD: p �
0.001; pure DLB vs AD�DLB: p � 0.0033). Note

that persons with pure DLB pathology also tended to
have more years of formal education (NACC data—
pure DLB vs pure AD: p � 0.0001; pure DLB vs
AD�DLB: p � 0.0039. UK ADC data—pure DLB
vs pure AD: p � 0.004; pure DLB vs AD�DLB:
p � 0.0105) and were more likely to be male
(NACC data—pure DLB vs pure AD: p � 0.0001;
pure DLB vs AD�DLB: p � 0.0018. UK ADC
data—pure DLB vs pure AD: p � 0.002; pure DLB
vs AD�DLB: p � 0.0494).

Differences between groups in time periods be-
tween final MMSE evaluations and death and differ-
ences in formal education levels between groups were
possible sources of bias. We thus performed separate
analyses exclusively on patients who had been tested
within a year of death, adjusted for education. In the
UK group, this analysis (n � 58 total) still had large
differences in final MMSE scores (pure DLB vs
AD�DLB: p � 0.008; pure DLB vs pure AD: p �

0.008). This difference in final MMSE scores also
held true for the NACC cohort (n � 674 total; pure
DLB vs AD�DLB: p � 0.001; pure DLB vs pure
AD: p � 0.0001).

To assess with higher resolution how AD-type
and DLB-type pathologies were associated with ante-
mortem cognitive impairment, we evaluated the as-
sociation of MMSE scores with LB pathology across
a range of severity of AD-type pathology (figure 1).
The severity of AD pathology was stratified by Braak
stages, which by convention are scaled using Roman

Figure 1 Evaluation of average final antemortem MMSE scores for patients with and without appreciable neocortical LBs present
according to Braak neurofibrillary stages on neuropathology reports

Note that the presence of neocortical Lewy bodies (LBs) is associated with a relatively modest decrease in final Mini-Mental State Examination (MMSE)
scores at some Braak stages. The University of Kentucky Alzheimer’s Disease Center (UK ADC) data are shown separately from the National Alzheimer’s
Coordinating Center (NACC) Registry data because each study group has unique characteristics. For these figures, only cases with autopsies from 1999
to 2008 were used to ensure most up-to-date pathologic techniques. Statistically, the mean final MMSE scores were not different in Braak stage VI
patients in the presence vs absence of neocortical LBs (using NACC Registry, UK ADC, or combining data). Error bars � standard deviation. MMSE scores
vary by Alzheimer disease–type Braak staging and presence or absence of neocortical LBs.

Table 2 Evaluation of different data sets

Comparisons NACC Registry data,
p value

UK ADC data,
p value

Final MMSE scores AD vs DLB �0.0001 0.001

AD�DLB vs DLB �0.0001 0.0033

Formal education, y AD vs DLB �0.0001 0.004

AD�DLB vs DLB 0.0039 0.0105

Female, % AD vs DLB �0.0001 0.002

AD�DLB vs DLB 0.0018 0.0494

Evaluation of different data sets—NACC Registry (n � 1,666) and UK ADC (n � 159)—
demonstrates the p values of Student t tests performed to assess the differences between
groups.
NACC � National Alzheimer’s Coordinating Center; UK ADC � University of Kentucky Alz-
heimer’s Disease Center; MMSE � Mini-Mental State Examination; AD � Alzheimer dis-
ease; DLB � dementia with Lewy bodies.
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numerals (0–VI).17 Across a range of Braak stages, in
both the NACC Registry data and the UK ADC
data, the neocortical LB pathology was associated
with an incremental amount (�5–10 final MMSE
score points) of cognitive impairment. Note that for
this assessment, the UK ADC data had been re-
moved from the NACC Registry data to evaluate
them independently. For NACC Registry data (total
subjects n � 2,667), the mean MMSE scores vary
significantly at the first 3 Braak stages 0–I, II/III, and
IV/V (the means with presence of neocortical LBs are
lower than the means with absence of LBs; p �

0.0024, p � 0.0001, and p � 0.0353) but not the
most severe Braak NF stage (p � 0.3990). For UK
ADC data (total subjects n � 259), only 2 of the 4
Braak NF stages vary in means (II/III: p � 0.0005
and IV/V: p � 0.0002).

In the UK ADC data, there was no difference in
the mean final MMSE scores, with or without LBs,
for patients at NF stages 0–I or VI (Braak NF stage
0–I: p � 0.41, perhaps due to small n � 4 for pa-
tients with neocortical LBs in this category; Braak
NF stage VI: 0.69). When the NACC Registry data
and UK ADC data were combined (total subjects
n � 2,926), mean MMSE scores vary at the first 3
groups (Braak NF stages 0–I: p � 0.0012; II/III: p �

0.0001; IV/V: p � 0.0055), but not Braak stage VI
(p � 0.5302). Thus, in all the analyses the mean
MMSE scores between cases with or without neocor-
tical LBs were not significantly different for patients
with Braak stage VI NF pathology.

To assess a survivor bias, we also analyzed the du-
ration of the disease, i.e., the interval between onset
of dementia symptoms and death, in a subset of cases
from UK ADC where those data were available (AD
n � 85; AD�DLB n � 23; pure DLB n � 6).
Means of duration of disease were compared using t
tests. There were no differences in duration of disease
among the groups (p � 0.15 for all comparisons).
The “snapshot” of cognitive impairment severity as
determined by final MMSE scores does not necessar-
ily indicate how rapidly the patients declined in the
prior years. To address this issue, we used data from
the UK ADC because we had multiple annual
MMSE scores for cases with autopsy confirmation of
pathology. MMSE scores were charted in relationship
to time for 9 patients who had pure DLB with autopsy
confirmation of pathology as shown in figure 2.

MMSE score changes over time (UK ADC data)
were then used to compare the rate of cognitive dete-
rioration for patients with autopsy-confirmed pure
DLB, pure AD, or AD�DLB (figure 3). The slopes
(p � 0.049) and intercepts (p � 0.005) varied
among the groups. Post hoc comparisons of the
slopes showed that the pure AD group had a less

steep slope (�2.37) than the AD�DLB group
(�3.37, p � 0.05) while the pure DLB group had a
slope in between (�2.84, p � 0 0.5 when compared

Figure 2 Cognitive impairment is seen in some
but not all patients with pure
dementia with Lewy bodies
confirmed at autopsy

The rate of cognitive impairment for 9 individuals with pure
dementia with Lewy bodies from the University of Kentucky
Alzheimer’s Disease Center database with 3 or more serial
Mini-Mental State Examination (MMSE) scores. The ab-
scissa refers to years before death.

Figure 3 Rate of cognitive deterioration in
patients with autopsy-confirmed
pure DLB, pure AD, or AD�DLB

Analysis of last 4 Mini-Mental State Examination (MMSE)
scores before death of persons from the University of Ken-
tucky Alzheimer’s Disease Center autopsy series with
pathologically confirmed pure dementia with Lewy bodies
(DLB; n � 9), pure Alzheimer disease (AD; n � 107), or
AD�DLB (n � 27) was performed to determine how the av-
erage intercept and slope varied among the 3 neuropatho-
logic diagnostic groups after adjusting for years of
education. With the caveat that it is a small group, the pure
DLB group had higher MMSE scores 4 visits before death
compared to the other groups and declined less perceptibly
than the AD�DLB group (see text for details).
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to either of the 2 other groups). Post hoc comparison
of the intercepts showed that the pure DLB group
had a higher intercept (19.8) than the mixed pathol-
ogy group (11.12, p � 0.016) while the pure AD
group had an intercept in between (14.42, p � 0.10
when compared to either of the other 2 groups).
Hence, although it was a small group (n � 9 sub-
jects) the pure DLB group had higher MMSE scores
4 visits before death than the other 2 groups and
declined less than the AD�DLB group.

DISCUSSION We analyzed large data sets of longi-
tudinally assessed patients followed to autopsy, across
a broad clinical spectrum, showing that MMSE score
loss in pure DLB is less severe when compared to
cases with significant AD pathology. These results
are concordant with recent studies that have called
into question the impact of neocortical LBs on global
cognition and suggested that LBs are an additive pa-
thology.7,11,13,21,23,24 However, the current study in-
volves a larger sample encompassing 31 different
academic medical centers, with explicit distinction
made between AD, DLB, and AD�DLB cases. Col-
lectively these data suggest that pure DLB pathology,
without AD pathology, is associated with a relatively
moderate impact on global cognition.

Older studies may report different outcomes partly
because the rates of evaluation for neocortical LBs have
changed significantly over time. The DLB Consortium
published the first clinical and pathologic guidelines for
diagnosis of the disease in 1996.2 Further consensus re-
visions of the diagnostic guidelines for DLB were even
more recent.1,25 Thus, the clinical-biologic understand-
ing of DLB is still evolving. Retrospective analyses
should take these considerations into account.

Clinically, patients with DLB may manifest fluc-
tuating clinical course, early well-formed hallucina-
tions, delusions, paranoia, parkinsonism, and REM
sleep disorders.1,26 The contradistinctions between
DLB and Parkinson disease dementia are somewhat
vague—clinical and pathologic features are virtually
identical but DLB is distinguished by the cognitive
symptoms presenting before parkinsonism.1,2 A
number of studies assumed that the clinical signs of
DLB are strongly predictive for the relevant pathol-
ogy. However, studies that have evaluated the sensi-
tivity and specificity of those clinical signs/symptoms
in predicting neocortical LB pathology in a prospec-
tive manner have had varying results.1,27-29 Thus, spe-
cific clinical features may be imperfect at indicating
exactly which cases will show pure DLB at autopsy.
This is why pathologic diagnoses were used as the
gold standard in the present study.

Even using pathologic diagnoses involves poten-
tial pitfalls and alternative hypotheses must be con-

sidered. It is possible that the differences in MMSE
scores between groups with different pathologic diag-
noses could represent a survival effect. In this case,
patients with pure DLB may die at an earlier age,
before more severe cognitive decline could be identi-
fied. Possible causes for early mortality in DLB could
include adverse medication effects as can be seen
with atypical and typical antipsychotic therapies, or
autonomic dysfunction related to widespread brain-
stem and limbic involvement of LBs. However, the
age at death for pure DLB was not different from the
pure AD or AD�DLB cases in either the NACC or
the UK ADC data. Further, neither our results nor
other sources30-32 have indicated that DLB duration
of disease differs systematically from AD or
AD�DLB. Still, the possibility of a survivor bias has
not been completely ruled out.

There are other limitations to the present study.
MMSE scores proximal to death were used as the sole
metric of global cognitive status. Prior studies have
shown that overlapping but non-identical cogni-
tive domains are affected in DLB and in AD, and the
difference can be a challenge to capture in a single
test.33-35 The MMSE evaluates a number of cognitive
domains, including orientation, language, attention/
calculation, short-term memory/recall, and praxis.
MMSE scores offer good sensitivity in predicting
some aspects of brain disease, producing universally
understood data with known normative standards
for multicenter studies.21 The MMSE is also more
clinically relevant than longer tests for the simple rea-
son that many non-academic clinicians worldwide
actually use it. At the present time, there are no other
cognitive assessments that are consistent within and
between ADC/NACC data sets that would allow for
the comparisons of clinical (cognitive) and patho-
logic data. The current updated NACC protocol is
designed to provide such data in the future but this
involves years of longitudinal data collection. For all
their merits, MMSE tests are imperfect metrics of
“cognition” and do not explicitly assess psychiatric,
executive, or autonomic domains that tend to be af-
fected in DLB. Visuospatial dysfunction is promi-
nent in DLB36 and can have profound impact on
daily function yet may theoretically only cause a sin-
gle point lost on the MMSE for copy of the intersect-
ing pentagons. In sum, although patients with DLB
have higher final MMSE scores, they may be equally
or more adversely affected by their disease in other
ways that are not tracked as extensively by the
MMSE.

Using data derived from 31 different ADCs ne-
cessitates pooling of data that are not exactly analo-
gous— different academic centers follow different
protocols in both the clinical and neuropathologic
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settings. For example, the rate of obtaining autopsies
can be a systematic bias in a community setting.37

We compensated partly by comparing the NACC
results with those of the UK ADC database, which
has followed a relatively consistent approach and has
an autopsy rate of over 90%. We found good concor-
dance in the results despite differences in cohort
characteristics.

We discussed cases of AD, DLB, and AD�DLB
pathologies as though each were a different disease.
This is partly because some cases of AD�DLB may
represent an entirely different disease subtype as un-
derscored by the discovery of families with congeni-
tal, i.e., monoallelic, vulnerability to dementia with
AD�DLB pathology.38-40 However, it may well be
that in many cases the AD and neocortical LB dis-
eases were pathogenetically independent.

Finally, we are unaware of reasons that pure DLB
would be significantly more likely to affect males and
persons with more years of formal education, al-
though these are highly intriguing correlative phe-
nomena that hold true over multiple data sets. Thus,
additional questions remain at the fascinating nexus
of cognitive impairments and their neuropathologic
correlates.
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Save These Dates for AAN CME Opportunities!
Mark these upcoming dates on your calendar for these exciting continuing education
opportunities, where you can catch up on the latest neurology information.

AAN Regional Conference

● November 6–8, 2009, Las Vegas, Nevada, Planet Hollywood Resort and Casino

AAN Annual Meetings

● April 10–17, 2010, Toronto, Ontario, Canada, Toronto Convention Centre

● April 9–16, 2011, Honolulu, Hawaii, Hawaii Convention Center

Neurology 73 October 6, 2009 1133


