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Abstract
Patients with Parkinson's disease (PD) often have cognitive deficits from the time of diagnosis.
Except in patients with dementia, the impact of cognitive symptoms on daily function is not well
documented. This study had two objectives: (1) to determine the functional significance of cognitive
deficits in nondemented patients with PD and (2) to assess the sensitivity of two measures of global
cognitive abilities to identify individuals with impaired ADL function. One hundred eleven subjects
with PD and a range of cognitive abilities were included. Of these, 20 were diagnosed with PDD.
All subjects were assessed with the Mattis Dementia Rating Scale to two (DRS-2) and the Mini-
Mental State Examination (MMSE). ADL function was reported by an informant using the
Alzheimer's Disease Cooperative Study Activities of Daily Living Inventory (ADCS-ADL). The
ability of the DRS-2 and MMSE to capture the impact of cognitive impairment on ADL function
was assessed in the entire cohort and in subsets of nondemented individuals. After adjustment for
covariates, cognition as measured by the DRS-2 was strongly related to ADL function in the entire
cohort (partial correlation coefficient = 0.55, P < 0.001). The association remained strong when only
nondemented subjects were included (r = 0.42, P < 0.001). The DRS-2 was significantly more
accurate than the MMSE, particularly for detecting milder degrees of ADL impairment (ROC area
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= 0.87 vs. 0.75, P = 0.0008). Cognition is associated with impairment in ADL function, even in
nondemented patients with PD. However, sensitive cognitive assessment measures may be needed
to identify these functionally relevant impairments.
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Cognitive impairment is common in Parkinson's disease (PD), with dementia affecting up to
80% of patients with PD over the course of their illness.1 When dementia is present, it greatly
impairs one's ability to complete activities of daily living (ADLs).2,3 More subtle cognitive
impairment may be present in the majority of patients with PD.4,5 The impact of milder
cognitive deficits on ADL function in patients with PD has not been extensively evaluated.6
Although treatment for PDD is available,7 less severe cognitive impairment is typically not
treated, partly due to the moderate effectiveness of therapy and also due to the belief that
cognitive impairment short of dementia does not materially affect daily life.

We investigated the association between cognitive impairment and ADL function in a cohort
of patients with PD. The primary purpose of this study was to determine whether cognitive
impairment has a clinically meaningful impact on ADL function in nondemented as well as
demented patients. A secondary purpose of this study was to compare the usefulness of the
Mattis Dementia Rating Scale-2 (DRS-2)8 and the Mini-Mental State Examination (MMSE),
9 to correctly classify patients with functionally significant cognitive deficits.

METHODS
Subjects

Patients aged 60 or older with a diagnosis of PD on the basis of British Brain Bank criteria10

and a range of cognitive status were recruited from the University of Pennsylvania's Parkinson's
Disease and Movement Disorders Center. Subjects were required to have a caregiver available
to respond to questions about their ADL function. The study was approved by the University
of Pennsylvania Institutional Review Board. Informed consent was obtained from all subjects
before administration of any study instruments.

Assessments
The neuropsychological evaluation was administered by trained research staff. If a
knowledgeable informant was present at the visit, he or she completed the Alzheimer's Disease
Cooperative Study-Activities of Daily Living Inventory (ADCS-ADL).11 If the knowledgable
informant was not present at the time of the visit, he or she was contacted at home to complete
the questionnaire either by telephone or to self-complete and return by mail.

Neuropsychological Tests and Classification of Cognitive Impairment—
Cognitive status was assessed using the MMSE and DRS-2. The MMSE is a 30-point test of
general cognitive ability used commonly in clinical practice.9 The DRS-2 is a more detailed
measure of general cognitive ability. It has been validated in patients with PD,12 and a cut-off
score of ≤123 has been shown to accurately identify patients with PDD.13 Severity of
depressive symptoms was assessed using the 15-item Geriatric Depression Scale (GDS-15).14

Diagnosis of Dementia—The diagnosis of dementia was made by the treating physician
for each subject. Treating physicians applied criteria from the Diagnostic and Statistical
Manual of Mental Disorders IV-TR (DSM IV-TR)15 to make the diagnosis of dementia.
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Motor Examination—Clinical examinations, including Unified Parkinson's Disease Rating
Scale (UPDRS)16 and Hoehn and Yahr (HY)17 were conducted by the patients' treating doctors
who are all movement disorders specialists. Motor examinations were conducted while patients
were receiving their regular schedule of PD medications. The motor exam was performed
within 2 months of the date of cognitive testing.

Activities of Daily Living—The Alzheimer's Disease Cooperative Study Activities of Daily
Living Inventory (ADCS-ADL)11 is one of the most widely used ADL scales for Alzheimer's
disease and was used as an outcome measure in the only large-scale treatment trial for PDD.
7 It is completed by a knowledgeable informant for each participant during the research visit.
The ADCS-ADL asks the informant to report whether or not the patient has performed an
activity within the past 4 weeks and to what degree of complexity or independence he or she
was able to perform it. It is made up of a total of 23 items. Six items pertain to Basic ADL
(BADL) function (max score = 22), and 17 pertain to Instrumental ADL (IADL) function (max
score = 56). The overall maximum score is 78.

Analysis
Demographic and clinical variables were tabulated, and descriptive statistics, including means,
percentages, and standard deviations, were calculated. Scatter plots were constructed to show
the relationship between raw DRS and MMSE scores and ADL function. Three disability cut-
offs were established on the ADCS-ADL scale: 45, 55, and 65 points. The cut-points of 45 and
55 are based on scores obtained by patients with PDD7 and mild-to-moderate AD18 in clinical
trials, respectively. The cut point of 65 is derived from this cohort. We identified subjects with
the no more than mild-to-moderate parkinsonism (HY ≤ 2) and minimal cognitive impairment
based on a DRS-2 score >133. A DRS-2 score of 133 was the mean score achieved by
nondemented subjects in a prior study.13 The mean ADCS-ADL score for this group (n = 45)
was 73.8 (±4.2). An ADCS-ADL score of 65 is ~2 standard deviations below the mean for this
minimally impaired group (73.8 − 8.4= 65.4).

Analysis of Effect Size—To examine the impact of cognitive impairment on daily function,
partial correlation coefficients were calculated for the association between the ADCS-ADL
total score and the DRS-2 and MMSE. Correlation coefficients were calculated first without
adjustment for covariates and again adjusting for factors that were significant in univariate
analysis (age, GDS score, and HY stage). Effect sizes were calculated for subsets of subjects
without dementia: (1) those without a clinical diagnosis of dementia and DRS-2 scores above
123, and (2) those without a dementia diagnosis and MMSE score > 25. These scores represent
the best DRS-2 cut-off for dementia (123) in a prior study of PD and PDD,13 and the MMSE
cut-off recommended by the MDS task force on PDD.19 We also analyzed the subset of
subjects with MMSE scores > 27, representing a common benchmark for “intact” cognition.

Discriminant Analysis—To compare the discriminant validity of the MMSE with the
DRS-2 for identifying significant disability, receiver operating characteristic (ROC) analysis
was used. Analyses were on the basis of cut-points of 45, 55, and 65 on the ADCS-ADL scale.
ROC analysis was performed using the DRS or MMSE alone and incorporating each of these
measures into a logistic discriminant model that included age, gender, education level, and HY
stage. We also calculated the odds of being below each disability cut-point depending on DRS-2
and MMSE scores.

All analyses were conducted at an alpha = 0.05 significance level, without adjustment for
multiple comparisons. Analyses were carried out using Stata, version 10, College Station, TX.
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RESULTS
Subject Characteristics and Cognitive Status

A total of 111 participants completed all study assessments. The mean (SD) age of the
participants was 72.8 (±7.1) years and 72% were male. Mean disease duration was 8.9 years
(range 1–27). The mean HY score was 2.3 (HY 1 = 8; HY 2 = 57, HY 2.5 = 22, HY 3 = 17,
and HY 4 = 7). 83% had completed at least some college, 14% had a high school diploma or
GED, and 5% had not completed high school.

The mean MMSE score was 26 (±3.8), the mean DRS-2 score was 131.2 (±12.9), and the mean
ADCSADL score was 66.1 (±14.2). 37 subjects (33%) scored below 65 on the ADCS-ADL;
20 (18%) scored below 55; and 12 (11%) scored below 45. 20 (18%) were clinically diagnosed
with dementia; 20 (18%) had DRS scores ≤ 123; 40 (36%) were either diagnosed with dementia
or had a MMSE score ≤ 25. 23 (21%) with either diagnosed with dementia or had DRS-2 score
≤ 123. Clinical diagnosis of dementia agreed with diagnosis on the basis of a DRS score of
≤123 in 89% and a MMSE score of ≤25 in 77% of subjects. A large number of subjects had
relatively preserved cognition. 60 (54%) had MMSE scores of 28 or higher.

In univariate analysis, age (Pearson's r = 0.35, P = 0.0002), GDS score (r = 0.43, P < 0.0001),
and HY stage (r = 0.53, P < 0.0001) were strongly associated with ADL function in the entire
cohort. Gender and education were not significantly associated with ADL function and were
not included as covariates in subsequent multivariable models. In subsequent models, only HY
score was independently associated with ADL function (partial correlation = 0.33, P < 0.001,
for the whole cohort and 0.52, P < 0.001 in the nondemented subset with MMSE > 25).

Effect Sizes for the Association Between Cognition and ADL Function
Table 1 shows partial correlation coefficients for the association between cognitive measures
and ADL function. Based on DRS-2 scores, there is a strong relationship between cognition
and ADL function, even when demented subjects are excluded. A trend persists in the subset
of patients that would be considered cognitively normal by common clinical criteria. The
MMSE and DRS-2 show similar partial correlation coefficients when all subjects, including
those with more severe cognitive impairment, are considered. However, the DRS-2 performs
substantially better than the MMSE in less impaired subgroups. The relationship between
cognition as rated by the MMSE and ADL function is also more affected by adjustment for
covariates than the same relationship rated by the DRS to 2.

Figure 1 shows scatter plots for the relationship between ADL function and DRS-2 scores. The
relationship between cognitive function and ADLs does not appear to plateau until a DRS-2
score of 140 is reached. The regression coefficient for the effect of the DRS-2 score on the
ADCS-ADL score, adjusted for age, gender, education, and motor impairment is 0.51 (95%CI
0.36, 0.67), which may be interpreted as a drop of 0.51 points on the ADCS-ADL for each 1
point drop in DRS-2 total score. The effect is slightly smaller when the analysis is confined to
nondemented subjects (coefficient = 0.41, 95% CI 0.10, 0.71).

The effect of cognitive impairment on ADL function was due to limitations in instrumental
ADLs (IADLs) to a greater extent than basic ADLs (BALDs). After adjustment for covariates,
there was a strong association between DRS-2 scores the IADLs for the entire cohort (partial
correlation coefficient = 0.55, P < 0.001), for clinically nondemented subjects with DRS-2
scores > 123 (pcorr = 0.42, P = <0.001), nondemented subjects with MMSE scores >25 (pcorr
= 0.34, P = 0.004), and for nondemented individuals with MMSE> 27 (pcorr = 0.31, P = 0.022).
There was a significant association between DRS-2 scores and BADL function in the entire
cohort (pcorr = 0.34, P < 0.001) and for nondemented subjects with DRS-2 scores> 123 (pcorr
= 0.24, P = 0.028) but not for nondemented subjects with MMSE scores > 25.
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Discriminant Analysis
ROC areas for the DRS and MMSE to detect mild, moderate, and severe disability are shown
in Table 2. The DRS was significantly more accurate than the MMSE in identifying mildly
disabled subjects (P = 0.001). This increased accuracy is reflected in both greater sensitivity
and specificity of the DRS for mild disability. For the cut-off of 65 on the ADCS-ADL scale,
the DRS score that best balanced sensitivity and specificity was ≥134 (sens = 76 spec = 81)
and the optimal MMSE score was ≥28 (sens = 64 spec = 65). The superiority of the DRS-2 is
also reflected by the fact that adding covariates to the logistic discriminant model contributes
little additional accuracy in the case of the DRS-2, but does contribute additional accuracy to
the MMSE. The DRS-2 was somewhat more accurate than the MMSE in identifying subjects
belonging to the moderate and severe disability levels. To identify moderate disability (ADCS-
ADL = 55), the optimal DRS score was ≥128 (sens = 86 spec = 85); and the optimal MMSE
score was ≥26 (sens = 79 spec =75); for severe disability (ADCS-ADL = 45), the optimal DRS
score was ≥127 (sens = 81 spec = 83); and the optimal MMSE score was ≥26 (sens = 75 spec
= 75).

Greater degrees of cognitive impairment were also associated with increased odds of disability.
Among nondemented subjects with DRS-2 scores > 123, each one point drop in DRS-2 score
was associated with a 19% increased odds of being below 65 on the ADCSADL (OR = 1.19,
95% CI 1.03, 1.36, P = 0.012) after adjustment for covariates. Among nondemented subjects
with a MMSE score > 25, there was a trend for increased odds of being below 65 on the
ADCSADL (OR = 1.19, 95% CI 0.99, 1.43, P 5 0.06).

DISCUSSION
The results of this study confirm that there is a strong association between cognitive impairment
and ADL difficulties in patients with PD and show that this association persists among
nondemented patients with PD. It is also present to some extent in patients with nominally
intact cognition, even after adjustment for covariates including mood and motor performance.

A secondary purpose of this study was to compare the usefulness of the MMSE and the DRS-2
in identifying clinically meaningful cognitive impairment. Not surprisingly, the DRS-2 was
substantially more accurate than the MMSE, particularly in the case of more mildly impaired
subjects. This finding is consistent with the frequent observation that the MMSE is not sensitive
to mild cognitive deficits.20-22 In this study, the MMSE was both less sensitive and less specific
than the DRS-2. Although the DRS-2 requires substantially more time to complete than the
MMSE, relying on the MMSE alone opens the possibility of missing instances of clinically
relevant cognitive impairment.

Our data show that the association between cognition and ADL function depends substantially
on IADLS. This finding is consistent with a prior study that showed that cognitive deficits were
associated with impairment in IADL but not BADL function in PD patients.2 Our study extends
these findings by demonstrating that the same associations are present in patients with PD not
diagnosed with dementia. IADL function was associated with cognition across all subgroups
in our study. In cognitively intact patients, the association between overall ADL function and
cognition was not statistically significant, but the association between cognition and IADL
function remained. Other studies that have investigated the relationship between cognitive
impairment and ADL function in nondemented patients with PD have not found as strong a
relationship.6 One explanation for this discrepancy is the way that ADL function was assessed.
The ADCSADL scale emphasizes IADLs that depend highly on cognitive processes such as
memory and organization. Instruments used in prior studies have not focused on IADLs. For
example, an analysis using the AMC linear disability scale did not find an association between
cognition and ADL function in nondemented patients with PD.6 The AMC scale emphasizes

Rosenthal et al. Page 5

Mov Disord. Author manuscript; available in PMC 2010 October 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



tasks dependent on motor rather than cognitive function and may not be as sensitive to the
impact of cognitive impairment on ADL function as the ADCS-ADL scale.23,24

The Movement Disorder Society (MDS) task force on PDD has recently published a
recommended definition of PDD,25 and a detailed procedure for implementing the definition.
19 The MDS definition of PDD states that there must be a decline in cognitive function from
a premorbid level and that decline must involve at least two cognitive domains. It also includes
a criterion that cognitive symptoms must be severe enough to affect daily life independent of
the effects of motor or autonomic symptoms of PD. Although we used DSM criteria rather
than the MDS criteria to define dementia, this study is relevant to the MDS definition in several
ways. First, we demonstrate an independent effect of cognition on ADL function in the setting
of coexisting motor impairment. Second, our analyses supports the recommended cut-off of
>25 on the MMSE, which was optimal for categorizing both moderate and severe disability.
However, the sensitivity and specificity of the MMSE for mild disability is modest, and ADL
function is affected in individuals with MMSE scores above 25. Thus, our data leaves open
the possibility that some individuals who are not “demented” based on MDS criteria, may
nonetheless have significant disability on the basis of cognitive dysfunction. This situation is
probably more common when applying the published DRS-2 cut-off of ≤123.13 Even though
the overall accuracy of the DRS-2 is superior to the MMSE, this benchmark proved to be less
specific for disability than a MMSE score of >25.

Our study has several limitations. All patients had motor ratings obtained while taking regularly
scheduled dopaminergic medications. Ratings in the medication “on” state may not accurately
capture motor disability. To mitigate this problem, we used Hoehn and Yahr stage rather than
UPDRS scores to adjust for motor impairment. HY stage is largely driven by axial symptoms,
which are less influenced by dopaminergic medication and highly related to disability.6,26

However, HY stage is also correlated with cognitive dys-function. Thus, adjusting for motor
performance with the HY may underestimate the impact of cognitive impairment on daily
function. Another limitation is that the study uses a convenience sample recruited from a
specialty clinic. As a result, our subjects may not be representative of the population of
community-dwelling patients. In particular, our subjects were notably well-educated and
nondepressed, and neither of these factors was associated with impaired ADL function in our
sample. Additionally, the ADCS-ADL is completed by caregivers, which may mitigate the
impact of depressive symptoms experienced by the patients. While the frequency of cognitive
impairment may be different in a population-based sample, it is less likely that selection bias
would result in a different relationship between cognition and ADL function. Finally, the
ADCS-ADL cut-offs we chose to define disability have not been validated. To our knowledge,
there is no data on appropriate cut-offs on this scale. We chose scores that had been obtained
in well-defined clinical trial populations for the moderate and severe cut-off. The mild cut-off
was defined as a level of disability significantly worse than would be seen in patients with PD
with mild to moderate motor signs and relatively preserved cognition. This cut-off may greater
disability than a cut-off that was obtained from normal individuals. Additional studies would
be needed to validate these cut-offs against a criterion measure of disability.

In summary, this study demonstrates that cognitive impairment significantly affects daily
function in non-demented patients with PD as well as those with dementia and has some impact
on ADL function even in very mildly impaired individuals. It may be reasonable for clinicians
to begin to consider medical and non-medical therapies for cognitive impairment before
definitive signs of dementia are present. Our data also show that the DRS-2 is a more accurate
test than the MMSE for detecting functionally significant cognitive changes. It is unlikely that
physicians will choose to administer this test in a clinical setting because of its length. Rather,
a brief and accurate screen for functionally significant cognitive impairment is needed. The
Montreal Cognitive Assessment (MoCA), a 10-min cognitive screening tool, has demonstrated
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high sensitivity and specificity for detecting MCI27 and has been shown in PD to be more
sensitive than the MMSE for detecting mild cognitive deficits.20,28 Further analysis of the
relationship between the MoCA and ADL dys-function in PD may demonstrate the means to
feasibly detect mild, but functionally significant cognitive decline in patients with PD.
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FIG. 1.
Scatter plots of the relationship between DRS-2 scores and ADCS-ADL scores for the entire
study cohort including demented and nondemented subjects (panel A), and only those subjects
not diagnosed with dementia, and MMSE scores> 25 (panel B). The slope of the regression
line is steeper when demented and nondemented individuals are included (beta = 0.51 vs. 0.41).
However, in both cases, there is a significant association between cognition and ADL function.
Only at DRS-2 scores above 140 does, there appear to be a loss of effect of cognition on ADL
function.
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