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OBJECTIVES: To determine the responsiveness of serial
Mini-Mental State Examinations (MMSEs) for the diagno-
sis and monitoring of delirium in elderly hospital patients.

DESIGN: Prospective study.

SETTING: University teaching hospital.

PARTICIPANTS: One hundred sixty-five people admitted
to an acute geriatric service.

MEASUREMENTS: Subjects were assessed using the
MMSE and the Confusion Assessment Method on hospi-
tal Days 1 and 6. Changes in scores were compared between
patients who remained free of delirium (n 5 124) and those
who by Day 6 had developed delirium (n 5 14) or had res-
olution of delirium present on admission (n 5 22).

RESULTS: A number of measures of responsiveness con-
firmed that serial MMSE scores were responsive to resolu-
tion and to development of delirium. A fall of 2 or more
points on the MMSE was the best determinant for detecting
development of delirium (93% sensitivity, 90% specificity,
positive likelihood ratio (LR) 5 8.9 (95% confidence inter-
val (CI) 5 5.2–15.1) and negative LR 5 0.08 95%
CI 5 0.01–0.53)). A rise of 3 or more points was the best
determinant for detecting resolution of delirium (77% sen-
sitivity, 75% specificity, positive LR 5 3.1 (95% CI 5 2.1–
4.5) and negative LR 5 0.30 (95% CI 5 0.14–0.66)).

CONCLUSION: The MMSE is responsive to short-term
changes in cognitive function in elderly patients. Serial
MMSE tests should be helpful in monitoring the develop-
ment and resolution of delirium in this population. J Am
Geriatr Soc 53:867–870, 2005.
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The Folstein Mini-Mental State Examination (MMSE) is
widely used as a brief objective measure of cognitive

function in older people.1 The MMSE is successful at
discriminating between patients with and without cog-
nitive impairment,2 but a single MMSE score does not help
in distinguishing between acute, potentially reversible cog-
nitive decline due to delirium and chronic impairment due
to dementia.3 This is not surprising, because the MMSE
chiefly examines memory and orientation, and abnormal-
ities in these cognitive domains are common to both dis-
orders.

Serial testing using the MMSE might be of greater value
in distinguishing between delirium and dementia. Thus, an
abrupt decline from a previously established baseline would
suggest that delirium is present, whereas improvement in
test score after treatment of acute illness could provide ret-
rospective support for a diagnosis of delirium. However,
psychometric instruments that are highly reliable in meas-
uring between-subject differences may be poor at measur-
ing changes within an individual over time (i.e., they may
show a poor responsiveness to change).4,5 Validity in cross-
sectional studies is based on measurement of between-
subject differences, which are often large in heterogenous
samples, but validity in longitudinal research is based on
measuring between-person differences, which may be small
and hard to detect.

The aim of this study was to determine the responsive-
ness to acute change in cognitive function of the MMSE.
The optimum determinants for change in MMSE scores for
detecting development and resolution of delirium were also
examined.

PATIENTS AND METHODS

Patients

Consecutive patients aged 65 and older admitted from the
accident and emergency department to an acute geriatric
medicine service were recruited for the study. Patients with
severe aphasia or deafness, those who were unwilling to
participate, and those expected to die or to be discharged
before the sixth hospital day were excluded.

Assessment of Cognitive Status

Separate examiners who were blinded to each other’s results
administered the MMSE and determined cognitive statusDOI: 10.1111/j.1532-5415.2005.53266.x
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(delirium, dementia, both, or neither) on the same day. The
order in which these assessments were performed was not
predetermined and depended on availability of the research
staff on any particular day.

The same examiner administered the MMSE on the
first full day of hospitalization (Day 1) and on hospital Day
6. This examiner was one of two (KN and MV) registrars
(fellows) in geriatric and general internal medicine. A train-
ing session was held before the study to standardize ad-
ministration and scoring of the MMSE. Interclass
correlation coefficient for assessment of 20 patients by
both examiners (interrater reliability) was 0.98 (range
0.95–0.99). The version of the MMSE used in this study
was adapted and validated for use in an Irish population.6

To minimize any practice effect, different sets of words were
used for testing registration and recall in the two admin-
istrations of the MMSE analyzed in this study: ‘‘ball, tree,
and flag’’ and ‘‘apple, penny, and table.’’ On the same
hospital days, an experienced consultant geriatrician (SOK
or EM) interviewed and examined all patients and deter-
mined the presence or absence of delirium, dementia, or
both. Delirium was diagnosed using the Confusion Assess-
ment Method diagnostic algorithm7 and required the
presence of acute onset and fluctuating course, inattention,
and disorganized thinking or altered level of consciousness.
This clinician did not have access to the MMSE results
and was asked not to perform a formal MMSE. Instead,
he was encouraged to base his assessment of cognitive
function primarily on an interview with the patient focus-
sing on the presenting illness and medical history, supple-
mented if necessary by simple cognitive tests. Information
about previous cognitive status and the pattern of onset of
cognitive impairment was sought from carers and the
general practitioner and by inspection of old medical
and nursing notes. A diagnosis of dementia was made if
there was evidence of cognitive impairment sufficient to
interfere with social functioning of at least 6 months’
duration.

Statistical Analysis

Changes in MMSE score between Day 1 and Day 6 of hos-
pitalization were examined. Patients without delirium on
admission who were delirious on Day 6 were considered to
have worsened, and patients who were delirious on admis-
sion but were not delirious on Day 6 were improved. Pa-
tients were stable if they were free of delirium between Day
1 and Day 6 or had delirium on both days.

There is no consensus as to how best to measure re-
sponsiveness. Four different but related approaches were
used: mean observed change, effect size statistic, respon-
siveness coefficient, and area under receiver operating
characteristic (ROC) curves.8 Separate responsiveness
statistics were calculated in patients who deteriorated
and in patients who improved, because scores in the two
directions are not necessarily the same.9 Patients with
delirium on Day 1 were excluded when calculating
responsiveness to development of delirium, whereas
those who first developed delirium on Day 6 were exclud-
ed when calculating responsiveness to improvement in
delirium.

MEAN OBSERVED CHANGE

Responsiveness was assessed by checking whether change
scores and paired-sample t tests showed a gradient across
those who worsened, were unchanged, and improved.

EFFECT SIZE

The effect size relates the mean change in score (Day 1 to
Day 6) in unstable subjects to the standard deviation of the
measure at Day 1 in the same subjects.10 An effect size of
0.2 has been defined as small, one of 0.5 as moderate, and
one of 0.8 or greater as large.11

RESPONSIVENESS COEFFICIENT

The responsiveness coefficient proposed in an earlier study
relates the mean change in score in unstable subjects to the
standard deviation of the change in score in stable subjects.4

Like the effect size, this coefficient represents a standardized
measure of change, and scores of 0.2, 0.5, and 0.8 can be
interpreted as indicating small, moderate, and large re-
sponsiveness, respectively.12

When assessing the effect size and the responsiveness
coefficient, the numerator was modified, as suggested pre-
viously, by subtracting the mean change in stable patients
from the mean change in unstable patients.13 This would
reduce the influence on results of a predicted practice effect
from performing serial MMSE tests at a relatively short
interval.

AREA UNDER ROC CURVES

These areas were calculated using the nonparametric ap-
proach.14 A value of 1 for area corresponds to perfect pre-
diction, whereas a value of 0.5 is equivalent to that expected
by chance. ROC curves were also used to plot the sensitivity
and specificity of change on the MMSE for detecting de-
velopment or resolution of delirium.

Test-retest reliability was assessed in stable patients
using the intraclass correlation coefficient calculated from a
one-way analysis of variance.

RESULTS

Of 289 patients admitted during the study period, 61 were
excluded because they were expected to die or to be dis-
charged before the sixth hospital day, 20 because of com-
munication problems, and eight because they did not wish
to participate. Of the 200 patients initially included in the
study, 35 (18%) did not have a second assessment on Day 6
because of death (n 5 6), discharge (n 5 14), or error
(n 5 15). The mean age � standard deviation of the re-
maining 165 patients was 79 � 8; 159 (96%) were Cauca-
sian, 110 (81%) had been admitted from the community, 76
(56%) were women, and 36 (27%) had dementia. The most
common admitting diagnoses were respiratory (n 5 68 pa-
tients), cardiovascular, (n 5 35), gastrointestinal (n 5 20),
and cerebrovascular (n 5 19) disease. Patients had an av-
erage of 4.1 � 1.9 comorbid conditions.

By Day 6, 22 of the 27 patients who had been delirious
on admission no longer satisfied criteria for delirium (im-
proved patients), and 14 of the 138 patients who had not
been delirious on admission were delirious (worsened pa-
tients). Of the remaining 129 stable patients, five were
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delirious on Days 1 and 6, and 124 were not delirious on
either day.

MMSE scores on Days 1 and 6 are shown in Table 1.
The differences between MMSE scores on Days 1 and 6 are
significant for all patient groups. In particular, there was a
significant increase in MMSE scores in those considered
stable. Nevertheless, the intraclass correlation coefficient
for stable patients was 0.95 (95% confidence interval
(CI) 5 0.93–0.97), indicating high reproducibility.

For measuring development of delirium, the respon-
siveness coefficient was 2.65 (2.2 without Deyo correction
of numerator), effect size was 1.0, and the area under the
ROC curve was 0.97 (95% CI 5 0.95–1.0) (Figure 1). For
measuring resolution of delirium, the responsiveness coef-
ficient was 1.95 (2.4 without Deyo correction), effect size
was 0.56, and the area under the ROC curve was 0.87 (95%
CI 5 0.79–0.95) (Figure 2).

A fall of 2 or more points on the MMSE was the best
determinant for detecting development of delirium (93%

sensitivity, 90% specificity, positive likelihood ratio
(LR) 5 8.9 (95% CI 5 5.2–15.1), and negative LR 5 0.08
(95% CI 5 0.01–0.53)). A rise of 3 or more points was the
best determinant for detecting resolution of delirium (77%
sensitivity, 75% specificity, positive LR 5 3.1 (95%
CI 5 2.1–4.5) and negative LR 5 0.30 (95% CI 5 0.14–
0.66)).

DISCUSSION

This article shows that the MMSE is responsive to the short-
term changes in cognitive function characteristic of delir-
ium. This confirms the suggestion in the original description
of the MMSE that it could be used for ‘‘serially document-
ing cognitive change.’’1 The current study is consistent with
work showing that serial MMSE scores are useful in mon-
itoring long-term decline in cognitive function in patients
with mild or moderate dementia.2

Delirium is a serious condition in elderly people, and
early diagnosis and investigation are vital, yet recognition
of delirium by medical and nursing staff on general wards is
notoriously poor.15 High sensitivity is the most important
requirement of any diagnostic test in this population. The
results of this study suggest that a decline in MMSE score of
2 or more points is a sensitive and specific indicator of
delirium. Routine serial MMSE tests in vulnerable patients
during the first few days of hospitalization may prove val-
uable in these settings.

These results also suggest that serial MMSE tests will
be useful for monitoring the progress of delirious patients in
clinical practice and, as an adjunct to specific delirium as-
sessment instruments, in research studies. Although the
MMSE was more responsive to deterioration than to im-
provement in cognition in this study, measures of respon-
siveness to improvement were satisfactory. The systematic
increase in MMSE score on retesting in patients defined as

Table 1. Mini-Mental State Examination (MMSE) Scores
and Responsiveness and Reproducibility Statistics

MMSE Score

Change in Cognition between
Day 1 and Day 6

Worsened
(n 5 14)

Stable
(n 5 129)

Improved
(n 5 22)

Day 1, mean � SD 21.3 � 5.3 22.2 � 7.4 17.8 � 7.0
Day 6, mean � SD 16.9 � 4.9 23.1 � 7.1 22.6 � 6.8
Change, mean � SD � 4.4 � 2.6 0.9 � 2.1 4.8 � 2.9
t score 6.3 5.1 7.8
P-value o.001 o.001 o.001

SD 5 standard deviation.

Figure 1. Receiver operating characteristic curve for use of serial
Mini-Mental State Examination (MMSE) scores to monitor de-
velopment of delirium. The arrow indicates the best determi-
nantFa fall of 2 or more points.

Figure 2. Receiver operating characteristic curve for use of serial
Mini-Mental State Examination (MMSE) scores to monitor res-
olution of delirium. The arrow indicates the best determi-
nantFa rise of 3 or more points.
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stable may partly explain the difference in responsiveness to
deterioration and to improvement. There are a number of
possible reasons for this increase. A practice effect is com-
mon on retesting, even after long intervals.2 Improvement
in general health and alertness or in mild cognitive symp-
toms during the first few days of hospitalization may also be
important, but the increase in MMSE score in this study
was modest, and test-retest stability was high, supporting
the value of the MMSE for serial testing.

There are a number of limitations to this study. The
choice of hospital Days 1 and 6 for calculation of respon-
siveness in this study was based on the fact that most ep-
isodes of delirium last less than a week and most patients
who are going to develop delirium do so within the first few
days of admission to hospital,16 although it is not uncom-
mon for delirium in elderly patients to last for several
weeks, and individual symptoms of delirium may persist for
a long time after resolution of the full-blown syndrome.17,18

Groups defined according to the presence or absence of a
change in delirium status were used to derive responsiveness
statistics. Although such a change is clinically significant,
the corresponding MMSE score changes are likely to exceed
the minimal clinically important difference in scores used as
the numerator in the original formulation of Guyatt’s re-
sponsiveness coefficient. Relatively few of these patients
had severe dementia or perfect cognitive function. Floor
and ceiling effects could lower the responsiveness of both
indices at the extremes of cognitive function.

The syndrome of delirium comprises more than cogni-
tive impairment. Indeed, the characteristic distractibility of
the delirious patient often allows the experienced examiner
to make a diagnosis from the end of the bed without formal
cognitive testing. Instruments that specifically address the
range of symptoms that occur in delirium may prove even
more valuable for monitoring change in the delirious pa-
tient.19 Also, the optimal changes in MMSE scores for de-
tecting development or resolution of delirium identified in
this study require confirmation in an independent patient
population. Nevertheless, the MMSE is already in wide-
spread use in healthcare settings, and the current study
suggests that serial testing can is useful in the diagnosis and
monitoring of delirium in older patients.
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