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SUMMARY
Background—The mini-mental state exam (MMSE) has been used to address questions such as
determination of appropriate cutoff scores for differentiation of individuals with intact cognitive
function from patients with dementia and rate of cognitive decline. However, little is known about
the relationship of performance in specific cognitive domains to subsequent overall decline.

Objective—To examine the specific and/or combined contribution of four MMSE domains
(orientation for time, orientation for place, delayed recall, and attention) to prediction of overall
cognitive decline on the MMSE.

Methods—Linear mixed models were applied to 505 elderly nursing home residents (mean age =
85, >12 years education = 27%; 79% F, mean follow-up = 3.20 years) to examine the relationship
between baseline scores of these domains and total MMSE scores over time.

Results—Orientation for time was the only domain significantly associated with MMSE decline
over time. Combination of poor delayed recall with either attention or orientation for place was
associated with significantly increased decline on the MMSE.

Conclusions—The MMSE orientation for time predicts overall decline on MMSE scores over
time. A good functioning domain added to good functioning delayed recall was associated with
slower rate of decline.
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INTRODUCTION
Cognitive decline or dementia, has become one of the major concerns in the elderly
population. Alzheimer’s disease (AD) is one of the most debilitating and prevalent forms of
dementia, accounting for approximately 70% of dementia cases. It is characterized by
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progressive cognitive and functional decline. In the United States alone two to four million
people suffer from AD, and the number is expected to increase as the elderly population is
growing older (Mendez and Cummings, 2003). Thus, research studies have focused on the
investigation of cognitive tests that can be sensitive to change in cognitive functioning.
Since its development, the mini-mental state exam (MMSE; Folstein et al., 1975) has
become one of the most widely used cognitive screening instruments for dementia. Its items
cover various areas of cognitive domains (e.g., orientation, memory, language, and visual
construction). The MMSE has become a widely used cognitive screening tool in both
clinical and research settings due to factors including its brevity and straightforward
administration. Indeed, the MMSE has inspired a myriad of scientific questions ranging
from examining appropriate MMSE cutoff scores for differentiation of individuals with
intact cognitive function from patients with dementia (Monsch et al., 1995), delineation of
specific performance deficits on this instrument found at different stages of AD (Ashford et
al., 1989; Galasko et al., 1990; Fillenbaum et al., 1994), examining prediction and rate of
cognitive decline in AD (see Small et al., 1997; Han et al., 2000) and relating ante-mortem
cognitive performance to post-mortem AD markers (Koepsell et al., 2008).

Much is known about the MMSE in terms of its validity as a screening tool for dementia,
cutoff scores, sensitivity of items for differentiating subjects across levels of dementia
severity, and rate of cognitive decline. However, little is known about the relationship of
decline in specific cognitive domains such as orientation, memory, or attention to the natural
course of dementia. What is the additional contribution of the combination of specific
domains to overall cognitive decline? The main goal of this study was to predict the total
MMSE score over time, from the scores of specific baseline MMSE domains and their
combinations.

METHODS
Participants

Participants were 505 elderly nursing home residents from the Jewish Home and Hospital
(JHH) in Bronx, NY and Manhattan, NY. The JHH has been an academic affiliate of the
Mount Sinai School of Medicine (MSSM) for the last 25 years. Participants were part of a
prospective, longitudinal study of cognition in old age, the Clinical and Biological Studies of
Early Alzheimer’s Disease project, at the Department of Psychiatry, MSSM. Inclusion
criteria in this study were age >60, at least two MMSE assessments, baseline MMSE scores
of 10–25 (to avoid ceiling and floor effects), and complete demographic information (age,
sex, and education). The study was approved by both the MSSM and JHH institutional
review boards.

Administration of MMSE and definition of its subdomains
We followed standard administration protocols for the MMSE (Folstein et al., 1975) except
for the administration of the attention domain, which was assessed based on spelling world
backward only—serial seven calculations were not assessed. Four MMSE domains were
examined: (1) orientation for time (month, date, year, day of week, season); (2) orientation
for place (building, floor, city, county, state); (3) delayed recall, which was assessed by
asking participants to recall three words (book, telephone, and penny) that they had
previously been asked to repeat and memorize; and (4) attention (spelling world backward).
Our definition of good performance was indicated by a score equal to or greater than the
median score. For example, the possible score for the domain orientation for time ranges
from 0 to 5, and good performance on this variable was defined by a score equal to or
greater than 3. The domains orientation for place, delayed recall, and attention had median
scores of 4, 1, and 3, respectively.
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The other MMSE domains were excluded either based on previous research suggesting they
tend to be affected later in the course of dementia (e.g., language items; Ashford et al., 1989;
Small et al., 1997; Blair et al., 2007), which was one of the exclusion criteria in this study,
or due to the narrow range (0–1) of possible scores (repetition, reading, writing, and praxis).

Data analysis
Descriptive analyses were performed to describe the study sample. Linear mixed models
were used to examine, separately, the relationships of baseline dichotomies from four
MMSE domains, and the interactions of the six pairs of dichotomies, with the total MMSE
scores over time. The use of the mixed models enabled study of the MMSE scores across
time while accounting for the within-subject correlation, thus providing an efficient way to
use all the information from each participant. Another advantage of using the mixed models
is that it permits analysis of the unbalanced data—i.e., different numbers of follow-up
occasions or different follow-up times. This fits the needs of the present analysis, since the
number of follow-up assessments varied from 1 to 14 and the follow-up time ranged from
0.016 to 12.93 years due to participant death and other attrition factors. All of the linear
mixed models fitted in the present analysis included random intercept (i.e., fitted baseline)
and random slope (in follow-up time), to take into account the fact that participants have
different baseline MMSE scores and extents of decline over the follow-up period. For
analyses of each domain separately, the model included the baseline domain (above or at
median relative to below), time since baseline, the interaction of the baseline domain with
time (i.e., the effect of the baseline domain on change over time), baseline age, female sex
(relative to male), and education (under 8 years or 9 through 12 years, relative to over 12
years). For analyses of pairs of domains, the two baseline domains and their interaction
replaced a single domain in the model. SAS GLIMMIX package was used to fit all linear
mixed models.

RESULTS
The mean age of participants was 84.94 (SD = 7.35, range = 60–104). Of the 505
participants 399 (79.01%) were women, reflecting the old age and the residence type
(nursing home) of the study sample. The initial mean MMSE score was 19.01 (SD = 4.27,
range by definition = 10–25), and the mean follow-up period was 3.20 years (SD = 2.28,
range = 0.016–12.93). Of all participants, 137 (27.02%) had an education level equal to or
below 8 years, 235 (46.35%) had 9–12 years of education, and 135 (26.63%) had 13–24
years.

Table 1 shows the number of participants scoring below (poor) versus at or above the
median (good) in all combinations of the four cognitive domains. As expected, the largest
numbers of participants were in the extreme cells in which participants were either
performing poorly on all domains (n = 65) or performing well on all domains (n = 66).
There were fewer participants in cells in which the pattern of performance across the
different domains was mixed (e.g., two good/two poor). The minimum was 13 people who
performed well on delayed recall and on orientation for place, yet performed poorly on
attention and orientation for time. Table 2 shows baseline demographic characteristics,
length of follow-up, and MMSE scores of participants with good and poor performances in
different MMSE domains. There were no significant differences, in any of the socio-
demographic characteristics, between participants with good and poor performance in any
domain. Table 3 presents results of linear mixed models to determine whether specific
MMSE domains at baseline can characterize the MMSE total scores over time, after
controlling for age (at baseline), sex, and education. In all analyses, except delayed recall
when paired with orientation for time (p = 0.04), each domain was strongly positively
associated with the MMSE total score (p <0.0001). Orientation for time was the only
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domain with a significant interaction with time (with less decline over time for participants
with good baseline orientation for time) in its analysis. Figure 1 compares fitted models for
participants with poor and good orientation for time at baseline, in which the covariates, age,
gender, and education, were evaluated at the mean levels obtained from the overall sample.

Table 4 presents results of linear mixed models to determine whether pairs of MMSE
domains at baseline can characterize the MMSE total scores over time, after controlling for
age (at baseline), sex, and education. In contrast to the specific domains, no interaction of
pairs of domains was significantly associated with the total score. In the analyses of
interactions of pairs of domains with time, there were significant interactions for delayed
recall with attention and delayed recall with orientation for place, and a trend level
interaction for attention with orientation for time. In each interaction, participants who
performed well on both domains declined less than would have been expected from the
separate effects of performing well on each domain separately. Thus participants who scored
well on both domains had a decline that was less than or similar to the other three
combinations of good and poor baseline performance. Figure 2 compares fitted models for
participants with combinations of good and poor attention and delayed recall, in which the
covariates, age, gender, and education, were evaluated at the overall sample mean values.

For all analyses of both domains and pairs, total MMSE declined over time (p <0.0001).
With the exception of the analysis for delayed recall and attention (p = 0.055), the MMSE
total score decreased with increasing age. There was no association of total MMSE with sex
or education of 9 through 12 years. Education less than nine years was significantly
associated with lower total MMSE in all analyses that did not include attention.

DISCUSSION
The MMSE is one of the most widely used cognitive screening tools in dementia research;
however, research examining whether specific or combinations of MMSE domains can
predict cognitive decline has been limited. Our analysis revealed that orientation for time
was the only MMSE domain for which poor baseline performance was significantly
associated with faster rate of decline in the total MMSE score after controlling for age, sex,
and education. Poor orientation for time doubled the rate of decline in the MMSE.
Additionally, although delayed recall by itself did not predict the rate of decline in the
MMSE, when considered in combination with attention or orientation for place, those
performing well on both delayed recall and the other domain had slower or similar rate of
decline to those with poor or mixed baseline performance on the pair of domains.

These results are similar to those of Ashford et al. (1989), who found that MMSE-
orientation (e.g., date) and delayed recall were among the earliest items to be lost in AD.
Orientation for time and place were the MMSE domains with the largest extent of change
over time in patients with AD (Small et al., 1997). The longitudinal nature, length of follow-
up, and sample size of this study extend those findings. Other studies aimed at
differentiating normal controls from early dementia and in identifying the different stages of
dementia, have found that MMSE-orientation is impaired early in the disease process (e.g.,
Galasko et al., 1990; Fillenbaum et al., 1994). Impairment in orientation as measured by the
MMSE constitutes a clear specific deficit, and is not due to diffused cognitive dysfunction.

Such a deficit is likely to be associated with specific neural substrates. Animal studies have
shown the involvement of the hippocampus in the processing of spatial and temporal
information (Eichenbaum et al., 1999). A clinicopathological study of AD patients found
that poor performance on tasks of orientation was associated with neurofibrillary tangle
densities in the CA1 field of the hippocampus, superior parietal, and posterior cingulate
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cortex of the right hemisphere (Giannakopoulos et al., 2000). Similarly, a more recent study
found that impairment in an actual navigation task among patients with AD and mild
cognitive impairment (MCI) was associated with right posterior hippocampus and parietal
volumes (Delpolyi et al., 2007). Although inconsistent with the findings of Giannakopoulos
et al. (2000) who found that both spatial and temporal orientations were associated with
neuropathology in the CA1 field of the hippocampus, superior parietal, and posterior
cingulate cortex, the fact that in the current study orientation for place, by itself, was not
associated with faster decline suggests that specific neural pathways may underlie different
aspects of the more general orientation domain. Overall, the unique contribution of
orientation as a separate predictor of cognitive decline indicates that cognitive domains other
than memory may predict as strongly the progression of AD dementia as memory. Several
longitudinal studies of individuals with MCI as well as persons with intact cognition found
that memory and non-memory domains can accurately predict decline to dementia (Mickes
et al., 2007; Silveri et al., 2007). The present results suggest that assessment of the
orientation domain is important in investigations aimed at identifying individuals at high
risk of cognitive decline, and in which memory impairment has been the main focus. The
current findings may also have implications for clinical trials, which could benefit from
enriching their sample of at-risk elderly showing deficits in orientation tasks.

Delayed recall, by itself, at baseline did not predict faster rate of decline in the MMSE. This
finding is inconsistent with the myriad of neuropsychological studies reporting an
association between poor performance on tests of delayed recall and cognitive decline
(Kluger et al., 1999; Lange et al., 2002; Mortimer et al., 2004). It is noteworthy that, unlike
neuropsychological tests, the brevity of the MMSE-memory domain (recall of three objects)
may affect its sensitivity in predicting cognitive decline (this same rationale can explain the
lack of sensitivity of the MMSE-attention domain, which was assessed by spelling world
backward—not serial seven calculations, which is a more challenging task). Thus,
differences in study design and sample characteristics (i.e., length of follow-up, number of
assessments, and severity of dementia) could explain this discrepancy. However, the lack of
longitudinal change in delayed recall has been noted (Brooks et al., 1993; Small et al.,
1997). Given the broad clinical utility and use of the MMSE, the insensitivity of the
MMSE’s delayed recall component to the prediction of cognitive decline or dementia
progression is noteworthy.

To the extent that cognitive reserve (Scarmeas et al., 2003) is affecting the synergistic effect
between delayed recall and other cognitive domains—e.g., orientation and attention (indeed,
we found that elderly with higher levels of education were less likely to decline), these
findings may indicate that delayed recall, in addition to impairment of other cognitive
domains, passes the threshold of cognitive reserve and the individual is no longer protected
against cognitive decline. Moreover, the fact that these interactions included delayed recall
(memory) and orientation may imply that these two domains are acutely sensitive to disease
progression and/or extensive brain pathology. Indeed, studies have shown that deficits in
multiple domains (e.g., memory and attention) are evident in the preclinical stage of
dementia (Kluger et al., 1997; Nordlund et al., 2005). Thus it is possible that when
performance on MMSE memory in addition to another domain is impaired, there may be
enough evidence to recommend a comprehensive dementia evaluation.

A specific contribution of attention functioning in the prediction of cognitive decline was
absent. Nonetheless, its interactions with delayed recall and orientation for time show that
there were contributions of attention that depended on the level of performance of the other
domain. It is important to note that the evaluation of attention functioning is a complex one
given the various subdivisions that comprise the attentional processing system, which appear
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to be distinctively affected at different levels of dementia severity (see Foldi et al., 2002;
Silveri et al., 2007).

Although attention can and does affect information encoding, the present findings suggest
that memory and attention domains are not fully dependent on each other. For example,
146/505 (28.9%) participants had good scores on attention and poor scores on delayed
recall. Moreover, based on these results, it appears that people who score well on a given
combination of domains tend to be slower decliners than those whose performance is either
generally poor or more varied across domains (e.g., poor orientation for place and good
delayed recall).

This study has several strengths. The follow-up period was on average 3 years, with a
maximum follow-up time of 13 years. Similarly, the number of assessments was high,
comprising a maximum of 15 visits. Moreover, we analyzed longitudinal data from elderly
with a wide, yet more or less normally distributed, range of educational attainment and a
wide range of cognitive functioning without the confounds of floor and ceiling effects.

There were weaknesses in this study. It is important to note that cognitive measures are
sensitive to the effects of culture and education (see Ponton and Ardila, 1999). Performance
on the MMSE is affected by age, educational attainment, and cultural factors (Crum et al.,
1993; Monsch et al., 1995; Black et al., 1999). We were able to control for age and
education, and still the results remained strongly significant. However, the sample was
relatively homogeneous ethnically (70.50% Caucasians). Future studies addressing these
findings to other elderly populations of different ethnic/cultural backgrounds are warranted
(i.e., minority elderly). Another important issue is the possibility that baseline performance
in orientation for time may differentially predict cognitive decline across the different types
of dementia. Thus, patterns of decline using the MMSE domains across the different types
of dementia should also be examined. Our study is unique in that it represents one of the few
attempts to directly characterize rate of cognitive decline over a period as long as 13 years
using four MMSE domains as predictors. Future research can also be aimed at examining
whether MMSE domains, which are relatively simple, can predict cognitive decline using
more sophisticated neuropsychological tests and/or clinical rating scales.

KEYPOINTS

• Poor performance on the MMSE-orientation for time domain is associated with
faster rate of decline on total MMSE scores over time.

• Good performance on the MMSE-delayed recall domain, in addition to good
performance on another domain, is associated with slower rate of decline on
total MMSE scores over time.
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Figure 1.
Fitted linear models for MMSE score over time according to baseline performance on
orientation for time.
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Figure 2.
Fitted linear models for MMSE score over time according to baseline performance on
attention and delayed recall.
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Table 1

Number of participants performing at or below the median and at or above the median in all cognitive domains
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