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Objective: The conventional practice of assessing cognitive status and monitoring

change over time in older adults using normative values of the Mini-Mental State

Exam (MMSE) based on age bands is imprecise. Moreover, population-based

normative data on changes in MMSE score over time are scarce and crude because

they do not include age- and education-specific norms. This study aims to develop

unconditional standards for assessing current cognitive status and conditional

standards that take prior MMSE score into account for assessing longitudinal change,

with percentile curves as smooth functions of age. Methods: Cross-sectional and

longitudinal data of a modified version of the MMSE for 2,026 older Chinese adults

from the Singapore Longitudinal Aging Study, aged 55e84, in Singapore were used to

estimate quantile regression coefficients and create unconditional standards and

conditional standards. Results: We presented MMSE percentile curves as a smooth

function of age in education strata, for unconditional and conditional standards,

based on quantile regression coefficient estimates. We found the 5th and 10th per-

centiles were more strongly associated with age and education than were higher

percentiles. Model diagnostics demonstrated the accuracy of the standards. Conclu-
sion: The development and use of unconditional and conditional standards should

facilitate cognitive assessment in clinical practice and deserve further studies. (Am J
Geriatr Psychiatry 2014; -:-e-)
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INTRODUCTION

The Mini-Mental State Exam (MMSE)1 is the most
widely used screening instrument to assess the level
of cognitive functioning in older adults, monitor
cognitive changes over time, and assess the effects of
interventions on cognitive function. Performance on
the MMSE is influenced by age and education, with
scores decreasing with older age and lower levels of
education.2 Currently, the development of standards
for classifying patients on their level of cognitive
function takes the form of normative data and cut-
offs for MMSE that are stratified by age and educa-
tion.3e5 The conventional practice is to use age bands
instead of age as a continuous variable, but this has
limitations and disadvantages. If the age bands are,
for example, 50e59, 60e69, and so on, the normative
value for a 60-year-old person is the same as that for a
69-year-old person, despite a difference of 9 years,
and is different from that for a 59-year-old person
despite only a 1-year difference in age. As such, the
use of normative values stratified by age bands in-
creases the likelihood of misclassifying patients on
their cognitive functioning status. The use of age as a
continuous variable in the development of standards
is more principled and precise. Such methodology
has long been the practice in monitoring fetal and
child growth. Smooth child growth curves (e.g.,
gender-specific weight-for-age and length-for-age
percentile curves) are widely used as standards for
child growth monitoring. The development of
cognitive function standards with age as a contin-
uous variable in aging studies is very recent.6

To monitor changes in MMSE cognitive perfor-
mance over time in individual patients, individual
changes inMMSE test scores also need to be compared
against a normative standard. There are very few
publishednormative values ofMMSE change based on
a large population of cognitively normal older adults.
In most studies, normative change data are limited to
crude “ballpark” figures (typically two points or more

of MMSE drop annually), which generally ignore
younger or older patient age and do not present age-
and education-specific change norms (e.g., that in the
LEILA 75þ Study).7 The German Study on Ageing,
Cognition and Dementia in Primary Care Patients8

used a sample of 1,090 cognitively healthy indivi-
duals, aged 75 years and older, assessed at 1.5-year
intervals over a period of 4.5 years using the MMSE
and provided age- and education-specific MMSE
change norms based on reliable change indexmethods
to interpret cognitive changes in older age groups.
Across different age and education subgroups,
changes from at least two up to three points indicated
significant (i.e., reliable) changes in MMSE test scores
at the 90% confidence level. This approach requires the
calculation of reliable change indices for individual
patients to interpret changes in MMSE test scores that
are not due to measurement error, practice effects, or
regression-to-the-mean. The alternative approach of
developing smooth growth curves for use as standards
in monitoring cognitive decline in older adults has not
been reported.

Most standards in use are “unconditional stan-
dards” in that they only consider performance at one
point in time, without considering a previous level of
performance. A person with an MMSE score at the
50th percentile 2 years ago and 10th percentile now is
considered normal at both time points. However,
considering the person had a much higher percentile
position 2 years ago, one may suspect that he or she
may have been experiencing the onset of a cognitive
disorder and deserves further attention. Such a lon-
gitudinal perspective requires the “conditional stan-
dards,”9,10 which are exemplified by longitudinal
fetal and postnatal growth curves used in the moni-
toring of fetal and child growth but have so far
not appeared in the literature on cognitive function in
the elderly. This study aims to provide age- and
education-specific unconditional and conditional
standards for a modified version of the MMSE11e13

for 55- to 84-year-old ethnic Chinese in Singapore.
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