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ABSTRACT

Background: Cognitive fluctuations are spontaneous alterations in cognition, attention, and
arousal. Fluctuations are a core feature of dementia with Lewy bodies, but the impact of fluctua-
tions in healthy brain aging and Alzheimer disease (AD) are unknown.

Methods: Research participants (n � 511, age 78.1 � 8 years, education 14.9 � 3 years) en-
rolled in a longitudinal study of memory and aging at the Washington University Alzheimer Dis-
ease Research Center were assessed for the presence and severity of dementia with the Clinical
Dementia Rating (CDR) and a neuropsychological test battery. Informant assessments of fluctua-
tions with the Mayo Fluctuations Questionnaire and daytime level of alertness with the Mayo
Sleep Questionnaire were completed.

Results: After controlling for age and alertness level, participants with cognitive fluctuations (3 or
4 individual symptoms) were 4.6 times more likely to have dementia (95% confidence interval:
2.05, 10.40). Participants who presented with disorganized, illogical thinking were 7.8 times
more likely to be rated CDR �0. The risk of being rated CDR 0.5 among those with fluctuations
was 13.4 times higher than among those without fluctuations. The risk of being rated CDR 1
increased 34-fold among participants with fluctuations. Compared with participants without fluc-
tuations, the presence of cognitive fluctuations corresponds to a decrease in performance across
individual neuropsychological tests as well as composite scores.

Conclusions: Cognitive fluctuations occur in Alzheimer disease and, when present, significantly
affect both clinical rating of dementia severity and neuropsychological performance. Assessment
of fluctuations should be considered in the evaluation of patients for cognitive disorders.
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GLOSSARY
AD � Alzheimer disease; CDR � Clinical Dementia Rating; CI � confidence interval; DLB � dementia with Lewy bodies; MCI �
mild cognitive impairment; OR � odds ratio; SRT � Selective Reminding Test; WAIS � Wechsler Adult Intelligence Scale;
WMS � Wechsler Memory Scale.

Cognitive fluctuations, defined as spontaneous alterations in cognition, attention, and arousal,
are considered a core feature of dementia with Lewy bodies (DLB).1,2 Features of disturbed
arousal may include episodes of excessive daytime somnolence, staring spells, diminished
awareness of surroundings, and incoherent or illogical thoughts.3,4 Such findings may suggest
the presence of a delirium without identifiable precipitants. Fluctuating cognition and abilities
have also been described as periods of behavioral confusion, inattention, and incoherent speech
alternating with episodes of lucidity and capable task performance. Due to the waxing and
waning nature of fluctuations, evaluation of the dementia patient may be confounded if a
fluctuation occurs during the course of assessment of functional abilities and test
performance.3-5

Because of the varied definitions of fluctuations and the absence of a standardized way of
assessing their presence, it has been difficult to determine how much interference with cogni-
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tive performance can be directly attributable
to fluctuations. Most of what is known about
the effect of fluctuations has been described in
DLB. It is unknown to what extent fluctua-
tions occur in aging and Alzheimer disease
(AD) and whether the presence of fluctua-
tions impairs cognitive performance in AD
compared with individuals who do not have
features of fluctuations. Here we tested the
hypothesis that fluctuations worsen dementia
ratings and impair neuropsychological perfor-
mance in AD.

METHODS Participants. Data were examined from 511
research participants aged 51 to 101 who were enrolled in a
longitudinal study of memory and aging6 at the Washington
University Alzheimer Disease Research Center between May
2007 and October 2008 (table 1). The longitudinal study fo-
cuses on the characterizing the transition between healthy brain
aging and very mild dementia with a current number of 549
individuals being followed. We recruit only a small number of
more impaired individuals annually to meet specific research
needs. The Washington University Human Studies Committee
approved all procedures.

Clinical evaluation. Experienced clinicians conducted semi-
structured interviews with the participant and a knowledgeable
collateral source (usually a spouse or adult child) at an initial visit
and annually thereafter. The Clinical Dementia Rating (CDR)

was used to determine the presence or absence of dementia and,
if present, to stage its severity.7 The CDR evaluates cognitive
function in each of 6 categories (memory, orientation, judgment
and problem solving, performance in community affairs, home
and hobbies, and personal care) without reference to psychomet-
ric performance or results of previous evaluations. CDR 0 indi-
cates no dementia, and CDR 0.5, 1, 2, and 3 correspond to very
mild, mild, moderate, and severe dementia, respectively. The
CDR sum of boxes provides a quantitative expansion of the
global CDR score, ranging from 0 (no impairment) to 18 (max-
imal impairment).7

The CDR has high interrater reliability,8 is sensitive to clini-
cal progression, and is highly predictive (93%) of autopsy-
confirmed AD.6,9 The clinical diagnostic criteria for probable
AD were according to the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer Dis-
ease and Related Disorders Association.10 Individuals with a
CDR greater than 0 but with clinical diagnoses of dementias
other than AD were excluded from this study. Impaired individ-
uals rated CDR 0.5 but who did not meet AD criteria (n � 58)
were classified as uncertain dementia. These individuals have
many characteristics of mild cognitive impairment (MCI)11 ex-
cept their episodic memory testing is less impaired.12 Individuals
with dementia with a CDR of 2 or greater were excluded as these
individuals have difficulty completing psychometric assessment.

Psychometric assessment. The psychometric battery was ad-
ministered to all participants by trained psychometricians usually
a week or 2 after the annual clinical assessment. The tests assess a
broad spectrum of abilities across multiple cognitive domains
and include all components of the Uniform Data Set used by the
29 federally funded AD Centers,13 as well as tests incorporated
into our longitudinal studies. This test battery assesses most of
the major cognitive domains that are compromised in AD and
other neurodegenerative disorders and is effective for evaluating
cognitive status in patients with known or suspected dementia.
The battery includes Associate Learning and Mental Control
from the Wechsler Memory Scale (WMS),14 Logical Memory I
(Story A only), Digit Span forward and backward from the
WMS-R,15 Information and Block Design from the Wechsler
Adult Intelligence Scale (WAIS),16 Digit Symbol from the
WAIS-R,17 Similarities from the WAIS-III, the Boston Naming
Test (30 odd items),18 letter fluency for S and P,19 category flu-
ency for animals and vegetables,13 Trail Making Test A and B,20

Free and Cued Selective Reminding Test (SRT),21 and Form D
of the Benton Visual Retention Test.22 The Crossing-Off23 task
was given as a test of simple motor speed.

Based on confirmatory factor analyses of these measures that
were cross-validated across samples with and without dementia24

and subsequent work including more measures, we also report 5
composite scores for each person at time of assessment. The epi-
sodic memory composite included Logical Memory, Associate
Learning, and free recall from the SRT. The semantic memory
composite included Information, Boston Naming, and Animal
Naming. The 4 measures in the working memory composite
were Mental Control, Digit Span Forward and Backward, and
Letter Fluency. The visuospatial composite included Block De-
sign, Digit Symbol, and Trail Making A and B. A global com-
posite included all 14 individual measures.

Assessment of cognitive fluctuations. Cognitive fluctua-
tions were assessed with the Mayo Fluctuations Questionnaire3

administered to the informant, who responded yes or no to 4
questions: 1) drowsiness and lethargy all the time or several times
a day despite getting enough sleep the night before (daytime

Table 1 Characteristics of study participants (n � 511)a

Variable CDR 0 (n � 295) CDR 0.5 (n � 145) CDR 1 (n � 71) p Valueb

Age, y 77.5 (7.6) 78.21 (8.4) 80.3 (9.1) 0.03

Education, y 15.1 (2.9) 14.4 (2.6) 14.8 (3.5) NS

Gender, % F 58.1 49.4 54.5 NS

Race, % white 88.1 88.8 81.8 NS

CDR sum of boxes 0.05 (0.15) 2.03 (1.18) 5.96 (1.37) �0.001

Level of alertness 9.01 (1.5) 8.19 (1.9) 7.28 (2.3) �0.001

Global composite, z 0.13 (0.6) �0.44 (0.6) �1.43 (0.9) �0.001

Episodic memory, z 0.08 (1.0) �1.13 (1.07) �2.21 (1.14) �0.001

Semantic memory, z �0.01 (0.8) �0.66 (0.9) �1.87 (1.1) �0.001

Visuospatial, z 0.20 (0.7) �0.42 (0.8) �1.59 (1.3) �0.001

Working memory, z 0.08 (0.7) �0.25 (0.7) �0.92 (0.8) �0.001

Cognitive fluctuations 0.7 8.5 18.6 �0.001

Daytime somnolence 8.2 25.5 33.3 �0.001

Sleeps >2 h 6.6 20.2 43.1 �0.001

Illogical, disorganized
thinking

3.8 34.0 43.1 �0.001

Staring spells 2.2 6.4 16.7 �0.001

Acts out dreams 5.0 15.1 9.7 0.001

Abbreviations: CDR � Clinical Dementia Rating; NS � not significant.
aValues are % or means (SD). For CDR sum of boxes, higher scores signify greater impair-
ment. For alertness level and composite scores, lower scores signify greater impairment.
bPearson �2 test was used to calculate p values for categorical variables and one-way anal-
ysis of variance with Bonferroni corrections for the continuous variable.
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somnolence); 2) daytime sleep of 2 or more hours before 7 PM

(sleeps �2 hours); 3) times when the patient’s flow of ideas
seems disorganized, unclear, or not logical (illogical, disorga-
nized thinking); and 4) staring into space for long periods (star-
ing spells).3 Although used to distinguish AD from DLB, here
we explored the effect of both the total score and individual
items on cognitive performance in older adults without demen-
tia and those with AD. Affirmative responses to 3 or more items
suggests cognitive fluctuations; therefore the total score was di-
chotomized; total scores of 0 through 2 represented absence of
fluctuation and total scores of 3 or 4 represented presence of
fluctuation.3

As a measure of participants’ alertness and daytime somno-
lence, we used a question from the Mayo Sleep Questionnaire25

completed by the informants. This 1–10 Likert scale asks the
informant to rate the participant’s general level of alertness for
the past 3 weeks ranging from “sleeps all day” to “fully awake
and normal.” Because of the prevalence of REM sleep disorder in
DLB, we used the question from the Mayo Sleep Questionnaire
querying acting out dreams to test whether “subclinical” or undi-
agnosed DLB was contributing to effect of fluctuations on cog-
nitive performance.

Statistical analysis. All analyses were conducted using SAS
9.1 (Cary, NC). Descriptive statistics were used to characterize
and compare groups. The groups were compared using t tests
and analysis of variance for quantitative variables and �2 tests of
independence for categorical variables. To control for multiple
comparisons, we used Bonferroni correction. Because there were

differences in age between groups, adjusted analyses controlled

for age are presented. In each case, we explored the effect fluctu-

ations have on CDR ratings and neuropsychological test perfor-

mance. Our comparison groups for each analysis are those with

fluctuations vs those without fluctuations with the control CDR

0 groups as the reference.

Proportional logistic regression was used to assess whether

the level of alertness as reported by the informant or presence of

fluctuation had an effect on the CDR rating given to the partic-

ipant. Odds ratios (OR) were calculated to estimate the strength

of the relationship between having fluctuations and dementia

after controlling for age. For precision of estimates, 95% confi-

dence intervals (95% CI) were computed. Multinomial logistic

regression then was used to evaluate the associations between

levels of alertness, cognitive fluctuations, and CDR, with partic-

ipants without dementia as the reference category.

We then examined the relationship between the presence of

cognitive fluctuations and neuropsychological test performance

using Pearson correlations for CDR ratings and fluctuation com-

posite scores and partial correlations (controlling for age) for

individual variables. Finally, generalized linear modeling (con-

trolling for age) was used to estimate the effects of fluctuations

on psychometric performance. F statistics for the corrected

model, R2, as well as beta estimates and t tests were calculated.

RESULTS Sample characteristics. Table 1 depicts
the characteristics of the study participants as well as
their composite cognitive performance and distribu-
tions for each of the cognitive fluctuation variables.
The sample included 511 individuals (CDR 0 �

295, CDR 0.5 � 145, CDR 1 � 71). The mean age
of participants was 78.1 � 8 years with 14.9 � 3
years of education. There were no differences in de-
mographic characteristics among the study partici-
pants except the CDR 1 group was older than CDR
0 or 0.5. As also would be expected the CDR sum of
boxes increased with increasing CDR. Performance
on the psychometric composite scores decreased as
CDR increased. The CDR 0 (no dementia) group
had fewer cognitive fluctuations than did the 2
groups with dementia.

The presence of cognitive fluctuations as well as
each of the component variables increased with the
presence of cognitive impairment. Post hoc analyses
revealed that the CDR 0.5 group and CDR 1 group
were always different from the CDR 0 group. The
CDR 0.5 group differed from the CDR 1 group in
sleeps �2 hours, illogical thoughts, and staring
spells, but not daytime drowsiness.

There was no relationship between the presence
of cognitive fluctuations (Mayo Fluctuation Ques-
tionnaire) and the informant endorsing the question
regarding acting out dreams (Mayo Sleep Question-
naire). Of the individual fluctuation questions, sug-
gestion of a REM disorder was present in 18% of
participants who experienced excessive daytime
drowsiness (p � 0.001). No other fluctuation symp-
tom was related to the endorsement of REM disorder

Table 2 Adjusted odds ratios and 95% confidence intervals for the
associations between alertness and cognitive fluctuations and the
Clinical Dementia Rating

Clinical Dementia Rating

0 0.5 1 aORa (95% CI)

Level of alertness 1.42 (1.28–1.56)

Cognitive fluctuationsb 8.66 (4.04–18.57)

Yes 2 12 13

No 293 133 58

Daytime somnolence 4.00 (2.58–6.22)

Yes 24 41 24

No 269 102 46

Sleeps 2 h or more during
the day

5.10 (3.18–8.17)

Yes 20 29 30

No 256 108 40

Illogical, disorganized
thinking

7.79 (4.80–12.66)

Yes 12 36 30

No 280 109 41

Staring spells 5.07 (2.52–10.21)

Yes 7 11 12

No 286 134 59

Abbreviations: CI � confidence interval; OR � odds ratio.
aOdds ratio calculated using the proportional odds model, adjusted for age.
bCognitive fluctuations are defined as having at least 3 of 4 individual indicators (drowsy
despite sleep, sleeps 2 or more hours during the day, disorganized and illogical thinking,
stares into space).
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features, supporting that participants were unlikely
to have DLB.

Relationship between fluctuations and dementia rat-
ing. Table 2 illustrates the adjusted OR for CDR 0,
0.5, and 1 among those with and without fluctua-
tions. Controlling for age, cognitive impairment
(CDR �0) was associated with a decreased level of
daytime alertness (OR 1.42, 95% CI 1.28–1.56). Of
note, informants reporting participants being more
alert lowered the risk for being rated with dementia
by 30%. After controlling for age, participants with
cognitive fluctuations (3 or 4 individual symptoms)
were 8.7 times more likely to be rated as having a
cognitive impairment with a CDR �0. When indi-
vidual fluctuation symptoms were evaluated sepa-
rately after controlling for age, we found that
participants who were drowsy and lethargic were 4
times more likely be rated CDR �0, while sleeping
for 2 hours or more during the day accounted for a
5.1 times increased risk. Participants who presented
with disorganized, illogical thinking were 7.8 times
more likely to be rated CDR �0, and participants
with staring spells were 5.1 times more likely to be
rated as impaired. Within the impaired groups
(CDR �0), individuals who fluctuated had high
CDR sum of boxes scores (signifying more severe
impairment) than individuals who did not fluctuate
(3.22 � 2.3 vs 4.34 � 1.9, p � 0.02).

Table 3 illustrates the risk of being rated with cog-
nitive impairment by CDR stage with reference to
having no dementia (CDR 0). Diminished levels of
daytime alertness were associated with an increased
risk of being rated as having dementia (CDR �0).
We found that the risk of a CDR 0.5 rating among
those presenting with cognitive fluctuations was 13.4
times higher than among those without fluctuations.
The risk increased to 34.3 among participants with
fluctuations to be rated CDR 1. It is important to

reiterate that none of the cognitively impaired indi-
viduals were diagnosed with DLB.

Relationship between fluctuations and cognitive per-

formance. We examined correlations between
cognitive fluctuations and neuropsychological per-
formance (table 4). Not surprisingly, there was a
strong inverse correlation between CDR and most of
the individual neuropsychological tests and compos-
ite factors showing poorer performance with advanc-
ing stages of dementia (�0.58 � r � �0.17). There
were also small inverse correlations (�0.22 � r �

�0.10) between the presence of cognitive fluctua-
tions and performance on the composites and most
of the individual tests. After controlling for age, we
examined the partial correlations between each of the
fluctuation variables and test performance. The
strongest relationship with test performance was
found with the illogical, disorganized thinking vari-
able (�0.30 � r � �0.14). The weakest relation-
ships, still inverse, were with the drowsy and
lethargic (rs � 0.14) and stares into space (rs � 0.18)
variables.

Table 5 shows the adjusted estimates of the indi-
vidual effects of CDR and cognitive fluctuations in
predicting the global, episodic, semantic, working,
and visuospatial performance among the participants
after controlling for age. Two individual models are
shown. Model 1 tested the effect of CDR on perfor-
mance controlling for age while model 2 tested the
effect of cognitive fluctuation on performance con-
trolling for age. Changes in the CDR correspond to
increasing impairment in all domains. Compared
with participants without fluctuations, the presence
of cognitive fluctuations corresponds to a decrease in
the global (0.59), episodic (0.74), semantic (0.61),
visuospatial (0.90), and working memory (0.47)
composites explaining 3%–11% of the variance in
performance.

DISCUSSION The presence of cognitive fluctua-
tions significantly worsened Clinical Dementia Rat-
ings and was associated with diminished cognitive
performance. After controlling for age, participants
with cognitive fluctuations (3 or 4 individual symp-
toms) were at more than an eightfold risk of demen-
tia compared with participants who did not
fluctuate. When examined by individual symptoms,
participants who presented with disorganized, illogi-
cal thinking had more than a sevenfold increased risk
of being rated as cognitively impaired (CDR �0).
We found that the risk of receiving a CDR 0.5 rating
among those who presented with cognitive fluctua-
tions was 13 times higher than among those individ-
uals without fluctuations. The risk of being rated

Table 3 Adjusted odds ratios and 95%
confidence intervals for the
associations between alertness and
cognitive fluctuations and the
Clinical Dementia Rating

CDR
Level of alertness,
aORa (95% CI)

Fluctuations,b

aORa (95% CI)

0 1 (reference) 1 (reference)

0.5 1.32 (1.18–1.49) 13.43 (2.96–60.91)

1 1.59 (1.39–1.82) 34.32 (7.47–157.70)

Abbreviations: CI � confidence interval; OR � odds ratio.
aOdds ratio calculated using the multinomial logistic re-
gression, adjusted for age.
bCognitive fluctuations are defined as having at least 3 of 4
individual indicators (drowsy despite sleep, sleeps 2 or
more hours during the day, disorganized and illogical think-
ing, stares into space).
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CDR 1 increased 34-fold among participants with
fluctuations.

The presence of fluctuations was also associated
with poorer performance on neuropsychological test-
ing with the strongest relationship between disorga-
nized or illogical thinking. Compared with
participants who did not exhibit fluctuations, there
were declines across composite measures of cognitive
abilities. Because fluctuations may transiently affect
attention, alertness, and concentration, we examined
whether changes in daytime sleepiness (measured by
the Mayo Sleep Questionnaire25) affected dementia
ratings. Increased alertness as reported by an infor-
mant was associated with a lower risk of being rated
with dementia by the examiner. However, there was
no relationship between the REM behavior question

(acting out dreams) and cognitive fluctuations, sup-
porting the contention that the samples were free of
unrecognized DLB cases.

Although thought to be a core feature of DLB and
frequently present in PD dementia,26-28 fluctuations
may occur in older adults without dementia and are
present in 12% of AD cases in our sample. When
present, fluctuations were associated with poorer rat-
ing on the CDR staging of the participant, and
poorer performance on cognitive testing.

The Mayo Fluctuation Questionnaire3 captures 4
unique aspects of fluctuations and may reliably dis-
criminate DLB from AD; however, we demonstrate
here that asking these questions in assessment of cog-
nitive abilities regardless of whether other DLB core
features are present has utility. The presence of fluc-

Table 4 Correlationsa among cognitive fluctuation, Clinical Dementia Rating, and neuropsychological test
performance

CDR
Fluctuation
composite

Individual fluctuation variables

Drowsy
Sleeps
>2 h

Illogical,
disorganized
thinking Stares

Cognitive composite scores

Global �0.564b �0.142c �0.123d �0.214b �0.283b �0.083

Episodic memory �0.584b �0.111d �0.127c �0.154c �0.203b �0.104d

Semantic memory �0.499b �0.120c �0.092d �0.158c �0.205b �0.083

Visuospatial �0.507b �0.190b �0.128c �0.237b �0.283b �0.122c

Working memory �0.348b �0.137c �0.037 �0.129c �0.223b �0.046

Individual cognitive variables

Logical Memory �0.544b �0.114d �0.125c �0.177c �0.195b �0.107d

Information �0.523b �0.102d �0.110d �0.168c �0.242b �0.056

Block Design �0.404b �0.112d �0.117c �0.159c �0.180c �0.048

Benton Delay Form C �0.494b �0.120d �0.120d �0.197b �0.220b �0.098d

Similarities �0.432b �0.051 �0.086 �0.144c �0.153c �0.031

Animal Naming �0.440b �0.141c �0.110d �0.160c �0.205b �0.125c

Vegetable Naming �0.439b �0.117d �0.086 �0.184c �0.189b �0.110d

Crossing-off �0.300b �0.140c �0.082 �0.160c �0.204b �0.159c

Mental Control �0.287b �0.114d �0.040 �0.124c �0.166c �0.079

Word Fluency (S, P) �0.345b �0.119d �0.078 �0.164c �0.223b �0.033

Associate Learning �0.567b �0.080 �0.131c �0.141c �0.226b �0.010d

SRT Free Recall �0.501b �0.102d �0.107d �0.143c �0.243b �0.099d

SRT Total Recall �0.569b �0.143c �0.095d �0.195b �0.246b �0.094d

Digits Forward �0.167c �0.058 0.052 �0.020 �0.166c 0.041

Digits Backward �0.291b �0.090 �0.016 �0.055 �0.141c �0.052

Digits Symbol �0.510b �0.217b �0.140c �0.267b �0.297b �0.175c

Trails A 0.353b 0.158c 0.031 0.176c 0.245b 0.128c

Trails B 0.458b 0.103d 0.055 0.166c 0.210b 0.090

Boston Naming �0.436b �0.097d �0.047 �0.158c �0.204b �0.076

Abbreviations: CDR � Clinical Dementia Rating; SRT � Selective Reminding Test.
aControlling for age.
bp � 0.0001; cp � 0.01; dp � 0.05.
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tuations worsens both the clinical rating of dementia
and neuropsychological performance.

Few studies have assessed fluctuations in AD. In a
comparison of 13 patients with DLB with 12 pa-
tients with AD, informants described DLB fluctua-
tions as spontaneous and transient and as impacting
functional abilities. Fluctuations in patients with AD
highlighted episodes of memory failure and the con-
cept of “good” vs “bad” days.29 A larger prospective
study5 compared attentional deficits and fluctuations
in 85 patients with DLB and 80 patients with AD.
Cognitive processing speed, attention, and fluctua-
tions were all more impaired in DLB compared with
AD, although patients with AD at the moderate
stage also demonstrated fluctuations. Although these
studies correlated fluctuations with cognitive perfor-
mance, the inclusion of a DLB group may have
masked the impact of fluctuations on the cognitive
performance of AD because the goal in each of these
studies was to compare DLB with AD.

The biologic bases of fluctuations are not well un-
derstood.30 Ascending cholinergic pathways from the
pedunculopontine nucleus and laterodorsal tegmen-
tal nuclei are involved in arousal.31 The loss of these
projections has been described in DLB, but neuronal
counts did not correlate with sleep disturbances or
fluctuations. DLB is associated with greater atten-
tional deficits compared with AD32; however, loss of
attentional control is also an early finding in AD.33,34

EEG recordings of patients with AD and patients
with DLB demonstrate differences in compressed
spectral arrays favoring posterior alpha activity in pa-
tients with DLB with fluctuations.35 SPECT imaging
of patients with DLB demonstrates significant corre-
lation between fluctuations and increased thalamic
and decreased occipital perfusion.36 Such studies
have not been performed in patients with AD who
experience cognitive fluctuations.

Our study has limitations. Although patients with
clinically diagnosed DLB were excluded from this
study, it is possible that patients with AD who fluc-
tuate may go on to develop other core features of
DLB. At the time of evaluation, however, no other
core features (extrapyramidal signs, hallucinations,
REM behavior disorder) were detected. It is difficult
to accurately capture all aspects of cognitive fluctua-
tion. Fluctuations may represent brief interruptions
of consciousness, periods of increased confusion and
cognitive impairment, episodes of diminished
arousal, or what seem to be periods of prolonged
sleep. Many issues regarding fluctuations are unre-
solved, including how important the assessment of
fluctuations is to making a dementia diagnosis.37 We
demonstrate here that fluctuations in AD worsen
cognitive performance and lead to poorer CDR rat-
ings. There are now several rating scales available to
assess fluctuations, each of which assesses different
aspects.3,38

The Mayo Fluctuation Questionnaire3 asks infor-
mants to indicate whether the symptom was present
or absent; however, there is no consideration of the
degree of change. The sample was not population-
based; however, this sample is representative of our
longstanding longitudinal study of over 3,000 indi-
viduals. As with any volunteer sample, there may be
selection biases, thus limiting generalization of the
results. Our convenience sample has demographic at-
tributes and comorbid disorders that reflect those of
the similarly aged population in the greater St. Louis
metropolitan area, except they are slightly more
educated.

Fluctuations are common in DLB1-5; however, it
was unknown what effect fluctuations play in AD.
To address this, we compared patients with AD with
older adults without dementia. Cognitive fluctua-
tions do occur in AD and their presence significantly

Table 5 Parameter estimates and t tests for the associations of Clinical Dementia Rating and cognitive
fluctuation on neuropsychological test performance (composite factor scores)a

Clinical Dementia Rating Cognitive fluctuationsc

� SE t Testd
F
statistice R2 � SE t Testd

F
statistice R2

Globald �0.84 0.07 �12.49b 90.84b 0.30 �0.59 0.18 �3.33b 15.26b 0.07

Episodic Memory �1.50 0.10 �14.66b 118.84b 0.34 �0.74 0.28 �2.67b 11.4b 0.05

Semantic Memory �1.00 0.09 �10.93b 72.50b 0.24 �0.61 0.22 �2.75b 14.13b 0.06

Visuospatial �0.93 0.09 �11.01b 82.05b 0.27 �0.90 0.21 �4.30b 26.80b 0.11

Working Memory �0.52 0.07 �7.34b 30.26b 0.12 �0.47 0.17 �2.80b 6.94b 0.03

aAll significance levels set to 0.05 (bindicates significant result).
cCognitive fluctuations are defined as having at least 3 of 4 individual indicators (drowsy despite sleep, sleeps 2 or more
hours during the day, disorganized and illogical thinking, stares into space).
dPredictors tested individually and adjusted for age only (model 1: cognitive functions � CDR � age; model 2: cognitive
functions � fluctuations � age).
eF statistics for the corrected model [Dementia � Clinical Dementia Rating (0.5) � Clinical Dementia Rating (1)].
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worsens CDR ratings by expert dementia clinicians
and worsens cognitive performance across all do-
mains. The inclusion of fluctuation scales such as the
Mayo Fluctuations Questionnaire3 in the assessment
of older adults for cognitive disorders may capture
these clinically important events.
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CDC, AAN to Health Care Professionals: Monitor
Patients for GBS

The Centers for Disease Control and Prevention (CDC) and the American Academy of Neurology
(AAN) collaborated to reach out to neurologists across the US to monitor and report any possible
new cases of Guillain-Barré syndrome (GBS) following 2009 H1N1 flu vaccination.

Neurologists and health care professionals nationwide who diagnose patients with vaccine-
associated GBS should use the CDC and FDA Vaccine Adverse Event Reporting System (VAERS)
to report their observations.

In addition, neurologists and all health practitioners in the 10 Emerging Infections Program (EIP)
states—California, Connecticut, Maryland, Minnesota, New Mexico, New York, Colorado, Ore-
gon, Georgia, and Tennessee—are asked to report all new cases of GBS, regardless of vaccination
status, to their state’s surveillance officer.

The AAN hosted a series of webinars providing an in-depth look at H1N1 vaccination and how it
may pose a risk for GBS and information about the vaccination monitoring campaign.

For additional information about the monitoring campaign, or to watch the webinars or download
VAERS form and information on reporting to surveillance officers in your state, visit the AAN’s
GBS toolkit page, www.aan.com/view/gbstoolkit.
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