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Abstract

The Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA)
are the most commonly used scales to test cognitive impairment in Lewy body disease (LBD), but
there is no consensus on which is best suited to assess cognition in clinical practice and most
sensitive to cognitive decline. Retrospective cohort study of 265 LBD patients [Parkinson’s
disease (PD) without dementia (PDnD, N/=197), PD with dementia (PDD, N = 40), and dementia
with Lewy bodies (DLB, /= 28)] from an international consortium who completed both the
MMSE and MoCA at baseline and 1-year follow-up (V= 153). Percentage of relative standard
deviation (RSD%) at baseline was the measure of inter-individual variance, and estimation of
change (Cohen’s @) over time was calculated. RSD% for the MoCA (21 %) was greater than for
the MMSE (13 %) (p = 0.03) in the whole group. This difference was significant only in PDnD
(11 vs. 5 %, p< 0.01), but not in PDD (30 vs. 19 %, p=0.37) or DLB (15 vs. 14 %, p=0.78). In
contrast, the 1-year estimation of change did not differ between the two tests in any of the groups
(Cohen’s effect <0.20 in each group). MMSE and MoCA are equal in measuring the rate of
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cognitive changes over time in LBD. However, in PDnD, the MoCA is a better measure of
cognitive status as it lacks both ceiling and floor effects.
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Introduction

Dementia with Lewy bodies (DLB) is the second most common type of neurodegenerative
dementia after Alzheimer’s disease (AD) (10-15 vs. 65 % of cases, respectively) (Aarsland
et al. 2008). A clinical diagnosis of DLB can be difficult because of the variability and the
overlap with AD and Parkinson’s disease with dementia (PDD). The cognitive profile can
vary between AD and DLB patients, with memory problems not necessarily the most
prominent feature in DLB (McKeith et al. 2005). Accurate diagnosis and assessment of
cognitive abilities is very important for patient management. For example, in PD cognitive
decline is associated with reduced function, quality of life, caregiver burden and shorter time
to nursing home admission (Temlett and Thompson 2006). Similarly, the prognosis is worse
in DLB compared to AD, with shorter time to nursing home admission and death (Oesterhus
et al. 2014; Rongve et al. 2014).

Cognitive screening tests should be short and easy to administer, but still sufficiently
sensitive to detect both mild and severe impairment, as well as different cognitive domains.
Two of the most commonly used cognitive screening scales are the Mini-Mental State
Examination (MMSE) (Folstein et al. 1975) and the Montreal Cognitive Assessment
(MoCA) (Nasreddine et al. 2005). However, there is lack of consensus about which is best
suited to assess cognition in patients with Lewy body disease (LBD; i.e., PD and DLB).
Cross-sectional studies suggest that the MoCA is more sensitive than the MMSE in elderly
people, AD, PD, Huntington disease and DLB (Gill et al. 2008; Lessig et al. 2012a; Wang et
al. 2013). The MoCA’s better sensitivity may be due to lack of ceiling effect, since it is more
challenging and contains more attention-executive items than the MMSE.

Few longitudinal studies have explored the rate of cognitive decline in DLB and PDD, and
most of them have used only the MMSE. Although findings vary, MMSE rate of decline is
similar in DLB and PDD compared with AD (Aarsland et al. 2011a; Breitve et al. 2014), but
this may reflect that the MMSE is not sensitive in capturing some DLB-specific cognitive
deficits.

Two longitudinal studies have compared the MoCA and MMSE in PD, with one showing the
MMSE to be superior (Lessig et al. 2012a) and the other reporting the opposite (Hu et al.
2014). We recently (van Steenoven et al. 2014) reported a formula for conversion from
MMSE to MOCA scores in PD but not in LBD. The aims of this analyses were to compare
the clinical utility of MoCA and MMSE in both PD and DLB and their sensitivity in
detecting cognitive decline over time.
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Materials and methods

Population

From a total of 838 LBD patients evaluated at six different centers [Venice (IT), Philadelphia
(USA), Belgrade (SRB), Thessaloniki (GR), Brasov (RO) and Ljubljana (SLO)] we
considered the 265 who completed both the MMSE and MoCA scales within 2 weeks of
each other (197 PDnD, 40 PDD and 28 DLB) of which 153 (132 PDnD, 7 PDD and 14
DLB) also performed both scales at 1-year follow-up (FU) (Fig. 1). Demographic variables
(age, education, gender) and clinical characteristics (age of onset, disease duration, UPDRS-
I11 score) were collected by neurologists with experience in movement disorders.

All PD patients were diagnosed according to the UK brain Bank criteria (Gelb et al. 1999).
The clinical diagnosis of probable DLB was made according to international consensus
criteria (McKeith et al. 2005). Levodopa equivalent daily dose (LEDD) was calculated
(Tomlinson et al. 2010). Patients with a history of deep brain stimulation were excluded in
order to minimize observed cognitive change bias.

Cogpnitive assessment (including MMSE and MoCA scale) was administered and used to
identify PDnD versus PDD according to the MDS PDD task force criteria in addition to the
clinical interview (Dubois et al. 2007). MMSE and MoCA were administered in a random
order across the centers in ON medication state. All patients gave informed written consent
before study enrolment. All procedures performed in the study were in accordance with the
local IRB approvals and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Statistical analysis

Cross-sectional analysis—After assessing normal distribution across samples using
Shapiro-Wilk test, independent unpaired #tests were run to compare continuous
demographic and clinical variables among groups. Chi square test was adopted to analyze
dichotomous variables. The percentage for the relative standard deviation (RSD%) [(SD/
mean) x 100] was calculated to examine inter-individual variance of the MMSE and MoCA
within each subgroup at baseline, assuming that greater RSD% indicates better detection of
cognitive heterogeneity of the sample (Bland and Altman 1995; Kelley 2007). The MMSE
and MoCA RSD% index of each subgroups obtained were further compared by means of
Person—Chi square test (Richardson 2011). Moreover in order to evaluate presence of
ceiling/floor effect we calculated for each subgroup 25-75 % percentiles. To avoid bias due
to different distribution of the two scales, variances of the samples were logarithmically
transformed and A~test analysis applied to compare variance ratio between the two scales for
each cognitive subgroup. If significant, stepwise linear regression analysis was performed
with MMSE or MoCA scores as dependent, and age, LEED, age of onset, UPDRSIII score,
education, and disease duration as independent variables. Predictors were included in the
multiple regression model if they increased ~value by at least tail probability value of 0.01
and excluded if they increase ~value by less than tail probability value of 0.1. Pearson’s
correlation coefficients were calculated between the scales.
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Longitudinal analysis—Cohen’s effect (&) was calculated as an estimate of change in
MMSE and MoCA [ (mean,., — meanpaseline)]/+/[ (SD2,. — SDZ,cciine)/2] (Cohen 1988).

FU
Pearson’s correlation between the two scale scores at 1-year follow-up assessment was
calculated. Two-way ANOVA with scale (MMSE or MOCA) and baseline cognitive severity
subgroups [based on published MoCA cut-offs (Biundo et al. 2014)] as predictors and rate
of cognitive decline as dependent factor was carried out. Paired ¢test and Wilcoxon non
parametric test (if normality was not assumed) were used to compare mean annual rate of
change between the scales for each cognitive severity subgroup. Additional analyses were
performed to check whether clinical-demographic characteristics, such as age, education,
baseline MMSE and MoCA score, disease duration, predicted rate of decline on the MMSE

or MoCA. Statistical analysis was carried out using SPSS version 20.0.

Demographic and clinical characteristics of the cross-sectional (237 PD and 28 DLB) and
longitudinal (139 PD and 14 DLB) cohorts were similar. Compared with PD, DLB patients
were older at onset and assessment, had shorter disease duration, less education, and were
more cognitively impaired (Table 1, data provided by each sites are displayed in e-Table 1).
Moreover PDnD and PDD demographic and clinical characteristics of the cross-sectional
(197 PDnD, 40 PDD) and longitudinal (132 PDnD, 7 PDD) cohorts were displayed in e-
Table 2.

68 % of PD and 100 % of DLB patients were on acetylcholinesterase inhibitors and/or
memantine at baseline.

Baseline results

The mean MMSE score (26.80 + 3.59) was higher than the mean MoCA score (23.24

+ 4.83) in the whole group, as well as in PD (p < 0.001) and DLB specifically (p < 0.001).
The MoCA RSD% in the whole study population was significantly greater (21 %) compared
with the MMSE (13 %) (p = 0.03) as well as in the PDnD group (5 % for MMSE vs. 11 %
for MoCA, p=0.03). Percentile analysis in this subgroup showed presence of ceiling effect
for MMSE but not for MoCA scale (maximum total scores from the 75th percentile). By
contrast in PDD and DLB cohorts the RSD% did not differ (Table 2). MMSE and MoCA
baseline scores were highly correlated in the whole LBD cohort (r= 0.81, p < 0.0001), as
well as in PD (r=0.83, p<0.0001), PDnD (r=0.50, p< 0.0001), PDD (r=0.75, p<
0.0001) and DLB (r=0.57, p=0.002) specifically.

Stepwise linear regression analyses showed that none predictors included in the model
survived for DLB and PDD subgroups. In PD and PDnD subgroups age, education and
LEDD explained a relatively small proportion of the variance for both scales (23 % for
MoCA and 14 % for MMSE in PD and 19 % for MoCA and 15 % for MMSE in PDnD) (see
e-Table 3 for further details).
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Longitudinal results

There was no difference in MMSE and MoCA change over 1 year. More specifically in the
whole PD mean (SD) difference at 1-year follow-up was —0.33 (1.14) for MMSE and -0.30
(1.32) for MoCA (d = -0.06). In DLB the mean change was -0.98 (1.07) for MMSE and
-1.04 (1.32) for MoCA (d = —0.13). Similar results were observed in each PD subgroup
(see Table 3; e-Fig. 1).

MMSE and MoCA follow-up scores were highly correlated in the whole LBD cohort (r=
0.81, p<0.001), as well as in PD (r=0.79, p<0.0001), PDnD (r=0.71, p< 0.0001), PDD
(r=0.98, p<0.0001) and DLB (r=0.74, p=0.003) specifically.

Two-way ANOVA with baseline cognitive severity and cognitive scales as predictors, and
cognitive rate of decline as dependent factor, showed an effect of baseline scale score in
explaining decline over time (p = 0.003) in the whole LBD sample with a trend for faster
rate of decline in more severely impaired patients. This effect was significant in the PD (p <
0.004), but not in the DLB (p < 0.172), cohort.

When we divided patients based on the severity of cognitive impairment [MoCA <20 (V=
40), 20-26 (N =126), >26 (V= 71) for PD; MoCA <20 (N = 8), 20-26 (N = 20) for DLB]
we did not find differences in MMSE and MoCA rate of change in the two diseases.
However, we found a trend for greater MoCA versus MMSE change in subjects with milder
cognitive impairment (i.e., MOCA >26) (-2.02 + 4.35 in MoCA vs. —0.86 + 4.35 for MMSE
in PD, p=0.16; and —8.09 + 1.87 for MoCA vs. =7.18 + 1.72 for MMSE in DLB, p=0.18).
Conversely, there was an opposite trend for greater MMSE versus MoCA decline over time
in PD with severe cognitive deficits (MoCA cut-off <20) (-7.00 + 6.86 for MMSE vs. -3.70
+10.9 for MoCA p=0.1) (Fig. 2).

Discussion

In this study we found that the MMSE and MoCA are not equivalent in assessing cognitive
performance in LBD, as the MoCA showed greater variance compared with the MMSE in
non-demented PD patients. However, there was no difference between the two scales in the
1-year rate of cognitive change both for the whole group, as well as PD and DLB. A second
finding was that clinical and demographic variables explained only a small portion of the
variance in the MMSE and MoCA scores in PD and non-demented PD (23 % for MoCA and
14 % for MMSE in PD and 19 % for MoCA and 15 % for MMSE in PDnD). Therefore, it
can be inferred that the variability in scale performance observed likely reflects core
differences in their characteristics.

The MMSE was initially developed to detect cognitive deficits in AD, which are
characterized by difficulties in episodic memory (progressing from recent to remote) and
language, and less frequently accompanied by word-finding, executive function, and
visuospatial ability deficits in early disease (Koedam et al. 2010). Conversely, the MoCA
investigates additional cognitive domains which are also affected in PD, in particular fronto-
striatal (i.e., executive-attentional abilities) and visuospatial abilities (Owen 2004).
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If it is true that MMSE captures relatively more “posterior” defects and the MoCA more
“executive” dysfunction, our results of equal variance between MMSE and MoCA in DLB
suggest that the DLB cognitive profile is characterized by both frontal and posterior
involvement.

There was a non-significant trend towards greater MoCA variance in PDD (30 %) compared
with DLB (15 %). As expected, motor symptoms were also less severe in DLB than PDD
(UPDRS-I1I score of 40.00 + 14.81 in PDD vs. UPDRS-III score of 19.86 + 8.67 in DLB). It
could be that motor severity affects MoCA performance more than MMSE, since MoCA
contains more subtests requiring motor skills involvement, such as the trail making test,
more complex construction test and the sustained attention test. Further analysis in this
regard is needed.

Interestingly we found a gradually higher variability of MMSE and MoCA in PD with more
severely impaired cognition. In particular we observed the lowest RSD percentage (5 %)
expressed by MMSE compared with the MoCA in non-demented PD. This is most likely
due to a ceiling effect (the 25th—75th percentile was 27-30 for MMSE scores compared with
23-27 for the MoCA) (Chou et al. 2010; Zadikoff et al. 2008). We found the highest RSD%
expressed by MoCA in PDD (30 %). These results corroborate previous findings that MoCA
is more sensitive than the MMSE in detecting early cognitive changes in PD (Biundo et al.
2014; Chou et al. 2014; Dalrymple-Alford et al. 2011; Hoops et al. 2009). Moreover, MoCA
did not show a floor effect, suggesting that this scale, as well as the MMSE, may be a valid
instrument to detect dementia in PD.

We found that dopaminergic therapy dose (i.e., LEDD) was associated with MoCA, but not
MMSE score in PD. Multiple lines of research have demonstrated the key role of dopamine
neuromodulation on mental abilities and that this is mediated by the activity of prefrontal
neurons. This finding further highlights the importance of assessing PD global cognitive
status always in the ON state.

Finally, we observed that age and education both impact MMSE and MoCA performance in
non-demented PD. This is not surprising for the MMSE, because we used uncorrected data.
Findings that fewer years of education and older age are associated with worse cognition in
MoCA scale are consistent with previous studies (Glatt et al. 1996; Hu et al. 2014; Hughes
et al. 2000; Levy et al. 2002) and further highlight the importance of using age and
education specific normative data. In this regard alternative or education-adjusted norms
have been proposed for the MoCA scale according to the age stage and to the different
languages (Malek-Ahmadi et al. 2015; Santangelo et al. 2015).

The longitudinal analyses did not show differences between the MMSE and MoCA in rate of
cognitive decline at 1-year follow-up. Conversely previous studies in PD were inconsistent
and showed better performance either for MoCA (Hu et al. 2014; Kandiah et al. 2014) or
MMSE (Lessig et al. 2012b) probably due to different sample disease duration (early stage
favoring MoCA). Our findings for a trend of higher MoCA sensitivity in detecting cognitive
decline in individuals with milder cognitive impairment can be interpreted in favour of
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MoCA. However further studies with longer follow-up period and broader range of disease
duration are needed.

We recognize that the small DLB sample size might have hampered our ability to fully
measure variance expressed by both scales. Moreover, the specialized nature of recruitment
centres might have reduced the representativeness of the sample. Finally, the observation
period was short, and measuring cognitive decline over a longer period may provide a more
accurate estimate of sensitivity to change (Aarsland et al. 2004, 2011b). This was supported
by the fact that some patients showed improvement in both scales scores (29/153 for MMSE
and 26/153 for MoCA), also observed in another study (Hu et al. 2014) which is consistent
with fluctuations in cognitive performance or practice effects in some patients. We believe
this was not due to the long-term effect of cholinesterase inhibitors or memantine in some
patients as it is known that treatment benefit on cognition is minor in both diseases (Wang et
al. 2015). Moreover patients were likely in these medications for some time already at
baseline, it is unlikely to expect a continued improvement in cognition. In addition since
there was no research common protocol there may be minor differences between centres
regarding the timing of testing and or the use of concomitant medications that we couldn’t
account for. Finally, the PD and DLB diagnostic criteria may not discriminate two
completely distinct populations (McKeith et al. 2005; Nelson et al. 2010; Verghese et al.
1999) thus blurring between-group differences.

In conclusion our results show that both MMSE and MoCA are suitable scales to assess
cognitive abilities in PD and DLB. However, given the greater variability and the lack of
ceiling and floor effects, we believe MoCA is superior for cognitive screening. Additional
studies with longer follow-up are needed to confirm our findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Mean (£SD) of clinical and demographic characteristics of the total cohort and longitudinal subgroups

Total cohort

Longitudinal cohort

PD DLB PD DLB

(237 pts.) (28 pts.) (139 pts.) (14 pts.)
M/F 174/63 18/10% 102/37 o/5#
Age 65.27 £9.25 7046 +8.35"* 6553895 69.00 £ 8.98
Education 12.09 + 3.80 1011+333%  12.04£366 11.00 + 2.04
Age of disease onset  55.06 + 9.91 67.75+8.77F 5589x104 65.79 + 9.38 ¥
Disease duration 10.23+5.16 271 +2.09% 8.90 +£5.37 271+154%*
DAED 157.40£120.10 176.00+39.90  123.02+82.34 NA
LEDD 583.90 +£386.60 542.40 £216.90 605.75+319.52 620.67 + 236.23
UPDRS-III 35.81+14.16 19.86 +8.67°F  43.06 +£14.54 16.29 + 4.20°*
MMSE 27.23+3.38 2318 +3.28°F 27501234 22.60 + 3.85
MoCA 23.57 £4.90 2046 +3.017%F  2453+3.90 21441927

Page 13

UPDRS-1/1 United Parkinson’s Disease Rating Scale, part 11, LEDD Levodopa equivalent dose, DAED dopamine agonist equivalent dose, MMSE
Mini-Mental State Examination, MoCA Montreal Cognitive Assessment

*
p < 0.005 unpaired ¢test

Hok
< 0.001 unpaired ¢test—(Levene’s test for equality of variance)

#p< 0.05, Chi square test
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