
Differential Longitudinal Decline on the Mini-Mental State
Examination in Frontotemporal Lobar Degeneration and
Alzheimer's Disease

Kay-See Tan, M.S.1, David J. Libon, Ph.D.2, Katya Rascovsky, Ph.D.3, Murray Grossman,
M.D.3, and Sharon X. Xie, Ph.D.1,*

1Department of Biostatistics and Epidemiology, Perelman School of Medicine, University of
Pennsylvania
2Department of Neurology, Drexel University College of Medicine, University of Pennsylvania.
3Department of Neurology, Perelman School of Medicine, University of Pennsylvania.

Abstract
Objective—To examine how phenotype affects longitudinal decline on the Mini-Mental State
Examination (MMSE) in patients with frontotemporal lobar degeneration (FTLD) and Alzheimer's
disease (AD)

Background—The MMSE is the most commonly administered assessment for dementia
severity; however, the effects of phenotype on longitudinal MMSE performance in FTLD and AD
have not been extensively studied.

Methods—Data from 185 patients diagnosed with AD (n=106) and three FTLD (n=79)
phenotypes (behavioral variant frontotemporal dementia [bvFTD], nonfluent agrammatic variant
of primary progressive aphasia [nfaPPA], and semantic variant PPA [svPPA]) were collected for
up to 52 months since initial evaluation.

Results—Differential rates of decline were noted in that MMSE scores declined more
precipitously for AD and svPPA compared to bvFTD and nfaPPA patients (p=0.001). The
absolute 4-year MMSE decline given median baseline MMSE for bvFTD (14.67, 95% confidence
interval [CI]: 14.63-14.71) and nfaPPA (11.02, 95% CI: 10.98-11.06) were lower than svPPA
(22.32, 95% CI: 22.29-22.34) or AD (22.24, 95% CI: 22.22-22.26).

Conclusions—These data suggest that within-group AD and FTLD phenotypes present distinct
patterns of longitudinal decline on the MMSE. MMSE may not be adequately sensitive to track
disease progression in some phenotypes of FTLD.
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Introduction
Research over the past few decades has emphasized the heterogeneity of phenotypic
expressions in patients with dementia. This is reflected, in part, by the differential rates of
cognitive decline seen in Alzheimer's disease (AD) and frontotemporal lobar degeneration
(FTLD).1,2 FTLD encompasses a range of progressive neurodegenerative disorders
presenting with imaging and autopsy evidence of frontal and temporal atrophy.3-5 The major
FTLD subtypes examined in this study include behavioral variant frontotemporal dementia
(bvFTD), nonfluent and agrammatic variant of primary progressive aphasia (nfaPPA), and
semantic variant of PPA (svPPA). Although FTLD phenotypes such as these share some
clinical features with Alzheimer's disease (AD), research suggests that other behavioral and
cognitive characteristics distinguish FTLD phenotypes from each other and from AD.6,7

Previous neuropsychological studies6,8 have focused on the cross-sectional distinctions
between FTLD and AD and this research has augmented our understanding of the pathology
and diagnoses of these dementia syndromes. By contrast, there has been much less research
comparing and contrasting the longitudinal decline in AD and FTLD.1,2

Longitudinal designs are crucial to better understand the natural history of dementia
syndromes. Greater knowledge of the natural history of dementia syndromes is critical for
designing clinical trials for the pharmacological treatment of dementia and to better
anticipate the caregiving needs of patients and their families. Since its emergence, the Mini-
Mental State Examination (MMSE)9 has become the most widely administered
neuropsychological test used to screen for cognitive impairment in both clinical and research
settings because of its brevity and practicality.10 However, longitudinal change in AD and
FTLD, as it is reflected by the MMSE, has not been thoroughly researched. Several
studies11,12 have directly compared annual rates of cognitive decline within the context of
the MMSE in AD and FTLD but results have been inconsistent. One study indicated that the
rate of decline as measured by the MMSE is slower in patients with FTLD than AD.11

Conversely, a second study12 found significantly accelerated decline in patients with FTLD
compared to AD. The cases in the second study were autopsy-confirmed, which may bias
the result toward individuals who progress rapidly. The AD patients were matched to FTLD
patients resulting in a sample of younger AD patients, which may impact generalization of
the comparisons between FTLD and AD patients. A problem common to both of these prior
studies was that patients with different FTLD phenotypes were combined into a single group
and compared to AD patients, thereby obscuring potential differences within the FTLD
spectrum of disorders. Prior research suggests different rates of decline within various
dementia syndromes on the MMSE. Thus, the highly verbal nature of the MMSE may
overestimate dementia severity in patients with PPA13 but may be less accurate in
characterizing overall impairment in other FTLD phenotypes such as patients who present
with bvFTD. This suggests that in addition to the comparative analysis of MMSE
longitudinal between-group changes, MMSE longitudinal within-group changes may
provide a useful and heuristically meaningful measure of disease progression. Thus, the
current research tracked MMSE scores in three FTLD phenotypes (bvFTD, nfaPPA, and
svPPA) and patients with AD for up to 52 months since initial visit. The goal of the current
research was to obtain better estimates of both between-group and within-group longitudinal
changes on the MMSE in three FTLD phenotypes and AD. This will allow us to examine if
MMSE is sensitive to track disease progression in FTLD.

Methods
Participants

A total of 185 patients with clinical diagnoses of AD or FTLD were included in this study.
Evaluation and recruitment were conducted at the Department of Neurology, University of
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Pennsylvania. A consensus committee consisting of at least two trained reviewers evaluated
and confirmed the presence of diagnostic criteria based on a semi-structured history, a
detailed neurologic exam, the Philadelphia Brief Assessment of Cognition (PBAC),7,14 and
the MMSE. Cases with discrepancies between reviewers were presented to the entire
committee to obtain a consensus diagnosis. Initial diagnostic decision-making did not
include longitudinal change on the MMSE test performance. Detailed neuropsychological
testing was obtained on different occasions, and reviewers were blinded to patients’
performance on the neuropsychological protocol. All study participants and their legal
representatives agreed to the informed consent approved by the Institutional Review Board
at the University of Pennsylvania.

Among the subjects in the cohort, 79 were clinically diagnosed with FTLD and further
categorized into one of three subgroups based on a modification of published criteria.15,16

At the time when this analysis was performed and the manuscript was written, the recently
published criteria17,18 were in the final stage of preparation for publication and had not yet
been formally finalized. The modifications in diagnostic criteria used to select patients in
this paper are consistent with these recently published criteria. The final sample consisted of
40 patients diagnosed with bvFTD and presented with significant social/behavioral
difficulties and dysexecutive impairment; 23 patients were diagnosed with nfaPPA and
presented with effortful speech that may have resulted from speech sound errors and
impaired grammatical expression, but still retain relative single word comprehension; and 16
svPPA patients who exhibited naming deficits and difficulty understanding single words and
objects. Other symptoms include fluent and circumlocutory spontaneous speech frequently
empty of content. The clinical diagnosis of AD was rendered in 106 patients based on
criteria from the National Institute of Neurologic and Communicative Disorders and Stroke
– Alzheimer's Disease and Related Disorders Association.19 They were primarily
characterized by impaired episodic memory along with weakened visuoconstruction and/ or
executive control. We excluded AD patients with visual, aphasic or frontal lobe variants.
This decision was made to limit skewed MMSE test performance because of possible
outlying performance on selected MMSE test items related to language and motor
production (e.g., writing a sentence, copying a figure). Moreover, these patients have
unclear underlying pathology. Table 1 presents baseline demographic characteristics such as
age, years of education, MMSE scores, and months between estimated onset of illness and
initial evaluation.

Subjects in this sample were followed up to 52 months since initial visit. The longitudinal
follow-up time for each patient is defined as number of months since initial visit. Our
sample included subjects who had at least two MMSE records. Overall, the average follow-
up time between two visits is 6.98 months (SD= 5.10). Within each group, the average
follow-up time between two visits is 7.20 months (SD = 5.45) for bvFTD, 8.07 months (SD
= 5.25) for nfaPPA, 9.12 (SD = 5.21) for svPPA, and 6.41 (SD = 4.84) for AD. A one-way
analysis of variance (ANOVA) was used to test differences in duration between visits
among groups. Duration between two visits differed significantly among the four groups
(F[3,413]=3.43, p= 0.017), but the Tukey post-hoc comparisons were not significant for any
subsequent analyses. The average number of visits is 3.25 times (SD = 1.80) during the
study. There were no significant differences across groups in terms of the number of visits.
A total of 92 patients had only two visits, 34 patients had only three visits, and 59 patients
had four or more visits. The average duration of follow-up is 15.7 months (SD=11.3, range
from 1 to 52 months) since initial evaluation. Length of follow-up did not differ significantly
among the groups (F[3,181]=1.73, p=0.162).
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Measures
All subjects were tested with the MMSE as a component of their initial clinical assessment
as well as any follow-up in this study. The total MMSE score ranges from 0 to a perfect
score of 30, reflecting assessment on orientation, memory, naming, comprehension,
repetition, figure copy, and sentence production. The total score was kept as a continuous
measure in the analyses. Other clinical and demographic measures collected included age at
initial visit of the patients and the number of years of school completed.

Statistical Analysis
ANOVA was used to compare continuous baseline demographic variables and MMSE
scores at initial evaluation among the dementia groups. We constructed a mixed-effects
model20 to examine patterns of cognition measured by the total MMSE score longitudinally
from initial evaluation up to 52 months post initial visit. A mixed-effects model is an
extension of a linear regression model that allows the calculation of mean trajectory of
MMSE score for each group as well as the estimation of each patient's trajectory. One
advantage of the mixed-effects model approach is its emphasis on individual patients’
trajectories over time rather than on mean values at each time point. The mixed-effects
model includes three parts. The first part contains the random effect parameters. These are
random variables and are assumed to follow a normal distribution with a correlation
structure that can be estimated from the data. The second part includes fixed-effect
parameters that are assumed to be non-random. The third component includes an error term
that is assumed to follow a normal distribution.

The mixed-effects model takes into account within-subject correlations from repeated
measurements of MMSE scores in the same subjects and for missing data points. It is also
based on a time-in-study data structure that allows individually varying intervals between
evaluation visits, so subjects can have missing data during follow-up, provided the missing
data is missing-at-random. In this analysis, we only included patients with two or more
MMSE records to allow for estimation of rate of decline and to not impose assumptions that
those with only one evaluation are similar to those with two or more evaluations. The χ2-
test was used to compare drop-out rates across diagnosis groups. T-test was used to compare
baseline MMSE, duration of illness, and other demographic characteristics between drop-
outs and non-drop-outs. All of these analyses comparing drop-outs and non-drop-outs were
not significant.

Our model specified the intercept and the regression coefficient for the follow-up time as
random effects such that subjects have a unique intercept and slope characterizing their
individual trajectories. The independence covariance matrix was specified for the random
effects, while an autoregressive AR(1) correlation structure was specified for the error
terms. This correlation structure makes scientific sense as each subject has different
intercepts and slopes, and observations within a subject that are closer in time are more
similar than observations further apart in time.

Estimations in models used the restricted maximum likelihood procedure that ensures a less
biased estimate since both fixed and random effects are specified as unknowns. We also
applied the Kenward-Rogers correction21 for standard errors and F-statistics in the mixed-
effects model. This is especially appropriate for unbalanced data where each group has
different number of patients and each patient has varying number of observations.

Population mean coefficient for the follow-up time was estimated by averaging across the
subject-specific regression coefficients for the follow-up time. This reflects the average
monthly change in MMSE over time. Duration was treated as a continuous variable and
measured as number of months since initial evaluation.
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One of our main interests is the relationship between diagnosis and longitudinal measures of
MMSE after adjusting for covariates. Fixed effects for adjustments included follow-up time
since initial evaluation and diagnostic group assignments. We also adjusted for baseline
MMSE measured at the initial visit for baseline cognitive impairment as well as age at
baseline and education. However, the effects of baseline age and education were not
significant in the presence of baseline MMSE and thus were removed from the final mixed-
effects model. We also analyzed the interaction between dementia group and follow-up. If
the interaction term were significant, the rate of decline for each disease group would be
estimated separately.

Longitudinal decline may be linear or curvilinear, and we examined both longitudinal effects
in our analyses. Previous work22 has shown that MMSE longitudinal decline displays a
curvilinear trend, hence a quadratic duration term tested whether an accelerated nonlinear
trend was present.

Extensive model diagnostics were performed through standardized residual plots. We found
no evidence against the model assumptions: both the error term and random effects were
normally distributed. The residual plots also indicated the appropriateness of the mean
model and the covariance structure among repeated measurements. All analyses were
conducted using the statistical software package SAS version 9.2 (SAS Institute Inc., Cary,
North Carolina). All statistics tests were two-sided. Statistical significance was set at the p< .
05 level unless otherwise noted.

Results
Demographic Data

Table 1 provides demographic information for the study cohort. At baseline (initial visit),
there were significant differences between diagnosis groups for age (F[3,181]=16.18, p<
0.001) reflected by one-way ANOVA. Multiple comparisons using Tukey's adjustment
suggest that AD patients were older than bvFTD and svPPA patients (p< 0.05). This is
consistent with the key characteristics of younger age of onset among FTLD patients. There
were also significant differences among the groups in baseline MMSE scores (F[3,
181]=10.81, p< 0.001, Table 1). AD patients were 4.3 points lower than bvFTD patients and
5.1 points lower than nfaPPA patients at the initial evaluation (p< 0.05). Tukey's pair-wise
comparisons between all other pairs were not statistically significant at p< 0.05. There were
no significant differences among groups with respect to education or duration of illness by
initial evaluation.

Results from Mixed-Effects Model Analysis
Table 2 provides the results of the final mixed-effects model describing the longitudinal
decline of MMSE for the four groups. We note that education and age at baseline were not
significant and were not included in the final mixed-effects model. The model revealed a
significant group by duration interaction (F[3, 231]=5.87, p<0.001) reflecting group
differences in longitudinal decline after adjustment for baseline MMSE differences. Pair-
wise comparisons found differences between bvFTD with AD (p= 0.039) and nfaPPA with
AD (p<0.001), indicating MMSE scores declined significantly faster in patients with AD
than in either of the two FTLD subtypes. svPPA patients declined faster on the MMSE than
nfaPPA patients (p=0.006). Other dementia group comparisons were not statistically
significant at p< 0.05.

Figure 1 depicts the effect of group assignment on longitudinal decline for patients adjusting
for baseline MMSE. Median baseline MMSE scores were identified for each of the four
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groups: bvFTD=26, nfaPPA=26, svPPA=26 and AD=22.5. The absolute decline of MMSE
scores in the AD group was greater than those with bvFTD or nfaPPA, as presented in the
estimated MMSE scores from the model. Patients with group-specific median baseline
MMSE in the bvFTD and nfaPPA groups have predicted absolute decline of 14.67 (95% CI:
14.63-14.71) and 11.02 (95% CI: 10.98-11.06) points respectively, whereas the predicted
absolute decline in the svPPA and AD groups are 22.32 (95% CI: 22.29-22.34) and 22.24
(95% CI: 22.22-22.26), respectively, over four years since initial visit. All groups show a
curvilinear trend over four years post initial evaluation.

Table 3 presents within-group estimated annual rate of change in total MMSE given group-
specific median baseline MMSE test scores. From year to year within-group analyses
indicate little differences between AD and svPPA patients and little difference between
nfaPPA and bvFTD groups. However, AD/svPPA patients decline faster on the MMSE than
bvFTD/nfaPPA patient groups.

Discussion
The findings of this study highlight the impact of distinct dementia phenotypes regarding
differential longitudinal decline as monitored with the MMSE.23-25 By analyzing three
phenotypic presentations of FTLD against AD, we note that the cognitive decline in some
patients progresses more rapidly (e.g., AD, svPPA) compared to other patient groups (e.g.,
bvFTD, nfaPPA) over four years. These findings suggest the need for a more sophisticated
analysis when the MMSE is used to tact longitudinal decline both clinically and for clinical
trials.

As suggested in previous research,25 MMSE is a brief assessment that weighs verbal and
memory functions more heavily than nonverbal and behavioral functions. In addition, the
MMSE differentially assesses the impact of dementia on orientation and visuospatial
operations. These cognitive skills are known to be at risk in patients with AD but perhaps
are not as prevalent in FTLD. A third of the items on the MMSE are orientation items that
highly correlate with amnesiac disorders as seen in AD. Patients may have difficulty with
items on the test for various reasons.26 For example, patients with a language disorder such
as svPPA may have difficulty with orientation because of poor comprehension. AD may fail
this item because of their episodic memory deficits.

Based on the predicted outcome of MMSE scores, bvFTD and nfaPPA displayed only an
overall decline of 14.7 and 11.0 points respectively over four years post initial evaluation,
which might suggest minimal cognitive decline over such a long disease duration. In fact,
the dementia worsened clinically, as measured with the Philadelphia Brief Assessment of
Cognition, (PBAC),7,14 another instrument used to screen for dementia, but this was not
reflected by the total MMSE scores. This difference among groups is unlikely to be due to
having examined patients at different points in their natural history: we adjusted for MMSE
at the initial evaluation, and survival studies indicate more rapid decline in FTLD than
AD.12 A recent study by Gordon et al27 showed evidence that commonly used cognitive
tests, including the MMSE, lack sensitivity in detecting longitudinal cognitive decline in
FTLD phenotypes as indexed by MRI measures and are highly dependent on the specific
subtypes. Future studies should include direct comparisons of MMSE and PBAC in terms of
their ability to track disease progression.

The MMSE is insensitive to the clinical characteristics now recognized as prominent
features of some forms of dementia. In bvFTD, for example, the MMSE does not monitor
the social changes that are so prominent in this subgroup. Pasquier et al.11,24 noted that
MMSE scores remained high in the bvFTD group compared to an AD group, then abruptly
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dropped when patients showed signs of apathy and mutism, usually predicted by a MMSE
score of 18. It has been shown that patients with bvFTD can have severe functional
impairments despite high MMSE scores.12,28,29 Likewise, in nfaPPA, the MMSE does not
monitor speech fluency or agrammatism, and may be insensitive to the progressive changes
in this subgroup. Thus, if the MMSE is part of a clinical assessment of protocol for AD and
FTLD, the relative change over time within a group may be as informative comparatively as
absolute change over time measured by between-group analyses. The modest changes of
MMSE in nfaPPA and bvFTD groups over time indicate that MMSE may not be sensitive to
some FTLD subgroups and thus may not be a good tool for monitoring progression in
FTLD.

Several expanded versions of the MMSE such as the Cognitive Abilities Screening
Instrument (CASI)35 have been developed to address greater range of cognitive function or
specific neurological deficits in diseases such as multiple sclerosis, but they have not been
analyzed in the specific FTLD subtypes. The Addenbrooke's Cognitive Examination
(ACE)31 is also a variant of the MMSE that can monitor disease progression in FTLD, but
does not assess social functioning. The Mattis Dementia Rating Scale (MDRS)32 has also
been shown to be a useful monitoring tool for disease progression in FTLD.33,34 The
Montreal Cognitive Assessment (MoCA),35 a cognitive screening tool more sensitive to
frontal lobe disturbances, incorporates tasks specific to frontal lobe function, such as Trail
Making tests and tests of attention. The recently developed Philadelphia Brief Assessment of
Cognition (PBAC)7,14 may serve as an effective alternative to the MMSE in screening for
dementia severity and tracking longitudinal progression among these dementia subgroups as
this test was designed to assess a broader range of neuropsychological and behavioral
functions specific to AD and FTLD subtypes. Regardless of the test under consideration,
future studies should incorporate longitudinal analysis both between and within patient
groups.

Several limitations should be recognized when interpreting results from this study. First, our
sample includes clinically-diagnosed patients instead of autopsy-confirmed cases. It should
be noted, however, that the diagnostic and classification process adheres to strict guidelines
and published criteria. Second, although patient groups were adjusted for MMSE at the time
of initial assessment, the present results may have underestimated the progression of
cognitive decline due to the possibility that we did not examine FTLD spectrum patients
sufficiently late in the disease process, as prior research has shown more rapid disease
progression in FTLD compared to AD.12 Thirdly, we recognize that the possible inclusion
of phenocopy cases in our bvFTD cohort may reduce estimates of decline.33 We attempted
to exclude phenocopy cases by inspecting MRI and having follow-up on cases to
demonstrate decline, but not all patients had autopsy data to allow for complete pathologic
evidence for FTLD. Fourth, MMSE subscale scores have been shown to differentiate
dementia groups. Such data might have resulted in meaningful between-group differences.
These data were not available in the current research and is a topic for future research.
Lastly, patients may not be representative of the general population and appear to be better
educated than population-based samples.24
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Figure 1.
Predicted MMSE scores over time from the mixed–effects model given group–specific
median baseline MMSE
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Table 1

Demographic characteristics of frontotemporal lobar degeneration (FTLD) subtypes and Alzheimer's disease
(mean ± SD)

bvFTD n = 40 nfaPPA n = 23 svPPA n = 16 AD n = 106

Age at initial visit 60.98 (9.66) 66.83 (9.22) 63.31 (9.60) 71.78 (8.48)

Education 15.18 (2.72) 14.83 (2.71) 15.56 (3.12) 14.06 (3.35)

MMSE at baseline 25.48 (3.64) 26.17 (2.74) 23.63 (6.46) 21.10 (5.78)

Duration of illness at initial evaluation 24.13 (12.79) 23.04 (11.81) 29.44 (12.61) 25.47 (13.47)

Abbreviation: bvFTD = behavioral variant frontotemporal dementia; nfaPPA = nonfluent agrammatic variant of primary progressive aphasia;
svPPA = semantic variant PPA; AD = Alzheimer's disease
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Table 2

Mixed-effects model: Effects of group and duration since initial visit on MMSE scores

Predictors F Value DF [Num,Den] Estimate

Intercept 0.325

Group 1.50 [3,231]

    bvFTD 0.453

    nfaPPA -0.080

    svPPA -0.200

    AD 0 [Reference]

Duration since initial visit 9.83 [1,181]
-0.224

b

Duration × group
5.87

a [3,231]

    Duration × bvFTD
0.158

a

    Duration × nfaPPA
0.234

b

    Duration × svPPA -0.002

    Duration × AD 0 [Reference]

Duration × duration 11.80 [1,231]
-0.005

b

Baseline MMSE 3298.54 [1,231]
0.982

b

Abbreviation: bvFTD = behavioral variant frontotemporal dementia; nfaPPA = nonfluent agrammatic variant of primary progressive aphasia;
svPPA = semantic variant PPA; AD = Alzheimer's disease

a
p<.05

b
p<.01
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Table 3

Estimated Annual Rate of Change in MMSE
#
 (post-initial visit, between years)

Groups 0 & 1 1 & 2 2 & 3 3 & 4

bvFTD -1.51 -2.95 -4.39 -5.82

nfaPPA -0.60 -2.04 -3.47 -4.91

svPPA -3.42 -4.86 -6.30 -7.73

AD -3.40 -4.86 -6.28 -7.72

Abbreviation: bvFTD = behavioral variant frontotemporal dementia; nfaPPA = nonfluent agrammatic variant of primary progressive aphasia;
svPPA = semantic variant PPA; AD = Alzheimer's disease

#
Based on group-specific median baseline MMSE (bvFTD = 26, nfaPPA = 26, svPPA = 26, AD = 22.5)
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